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Abstract
Exposure therapy for specific phobia involving systematic and repeated presentation of an aversive stimuli or situation
is a highly effective treatment for reducing fear and anxiety. Dissemination of this evidence-based treatment has proved
challenging, however, and for over 20 years an alternative method of delivery using virtual reality technology has been
explored with positive results. This thesis consists of three empirical studies examining a new generation of virtual reality
exposure therapy (VRET) that by using automation, inexpensive hardware, and downloadable software aims to ensure
that a highly efficacious exposure therapy can be made available to almost anyone. Study I evaluated the efficacy of
this novel automated VRET for spider phobia as compared to gold-standard in-vivo one-session treatment (OST) using
a randomized non-inferiority design. Results indicated that large effect size reductions in self-reported fear were evident
at post-assessment in both treatments and the automated VRET was not inferior to OST at 3- and 12-months follow-up
according to behavioral approach test, but was significantly worse until 12-month follow-up. No significant difference
was noted on a questionnaire measuring negative effects of treatment. Study II conducted a process measure evaluation
of patient alliance towards the virtual therapist used in the VRET treatment with a purpose-built questionnaire entitled
the Virtual Therapist Alliance Scale (VTAS). Exploratory factor analysis indicated a sound two-factor solution composed
of a primary task, goal and co-presence factor and a secondary bond and empathy factor. Psychometric evaluation of the
VTAS suggested good internal consistency, and a moderate correlation between the VTAS and change in self-reported
fear over follow-up. Study III assessed what individuals with a fear of spiders found most frightening about spiders.
Both quantitative ratings and qualitative descriptions indicated that movement characteristics were reported as most fear
provoking and to a lesser extent appearance characteristics, however factor analysis of scores in these categories did
not find a correlation with participant baseline self-reported fear. Overall, the above findings suggest that VRET is a
potential alternative to OST for the treatment of spider phobia also with respect to therapist alliance, and spider movement
characteristics should be emphasized in future VRET treatments.
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“VR researchers have to acknowledge the 
reality of inner life, for without it virtual 
reality would be an absurd idea… there you 
are, the fixed point in a system where 
everything else can change.”  

- Jaron Lanier, Father of VR 
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Abstract  

Exposure therapy for specific phobia involving systematic and repeated 
presentation of an aversive stimuli or situation is a highly effective treatment 
for reducing fear and anxiety. Dissemination of this evidence-based treatment 
has proved challenging, however, and for over 20 years an alternative method 
of delivery using virtual reality technology has been explored with positive 
results. This thesis consists of three empirical studies examining a new gener-
ation of virtual reality exposure therapy (VRET) that by using automation, 
inexpensive hardware, and downloadable software aims to ensure that a highly 
efficacious exposure therapy can be made available to almost anyone. Study 
I evaluated the efficacy of this novel automated VRET for spider phobia as 
compared to gold-standard in-vivo one-session treatment (OST) using a ran-
domized non-inferiority design. Results indicated that large effect size reduc-
tions in self-reported fear were evident at post-assessment in both treatments 
and the automated VRET was not inferior to OST at 3- and 12-months follow-
up according to behavioral approach test, but was significantly worse until 12-
month follow-up. No significant difference was noted on a questionnaire 
measuring negative effects of treatment. Study II conducted a process meas-
ure evaluation of patient alliance towards the virtual therapist used in the 
VRET treatment with a purpose-built questionnaire entitled the Virtual Ther-
apist Alliance Scale (VTAS). Exploratory factor analysis indicated a sound 
two-factor solution composed of a primary task, goal and co-presence factor 
and a secondary bond and empathy factor. Psychometric evaluation of the 
VTAS suggested good internal consistency, and a moderate correlation be-
tween the VTAS and change in self-reported fear over follow-up. Study III 
assessed what individuals with a fear of spiders found most frightening about 
spiders. Both quantitative ratings and qualitative descriptions indicated that 
movement characteristics were reported as most fear provoking and to a lesser 
extent appearance characteristics, however factor analysis of scores in these 
categories did not find a correlation with participant baseline self-reported 
fear. Overall, the above findings suggest that VRET is a potential alternative 
to OST for the treatment of spider phobia also with respect to therapist alli-
ance, and spider movement characteristics should be emphasized in future 
VRET treatments. 
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Sammanfattning 

Exponeringsterapi är en effektiv behandling för att minska rädsla och ångest 
vid specifik fobi, och innebär att ångestväckande stimuli och situationer på ett 
systematiskt sätt presenteras upprepade gånger för patienten. Det har emeller-
tid visat sig vara en utmaning att implementera denna evidensbaserade metod 
i klinisk praktik, och därför har studier de senaste 20 åren undersökt möjlig-
heten att genomföra behandlingen med hjälp av virtual reality. Denna avhand-
ling består av tre empiriska studier som undersöker en ny generation av virtual 
reality-behandlingar som är automatiserad, använder sig av billig hårdvara, 
och mjukvara som enkelt laddas ner då den behövs, vilket förhoppningsvis 
tillgängliggör exponeringsterapi för fler. Studie 1 jämförde Virtual Reality 
Exponerings-Terapi (VRET) vid spindelfobi med standard ensessionsbehand-
ling, med hjälp av en non-inferiority-design. Resultaten visade att båda be-
handlingarna hade stora effekter på självskattad rädsla vid avslutad behand-
ling, och att i ett närmandetest var VRET inte signifikant sämre än standard-
behandling vid 3- och 12 månader efter avslutad behandling, men var betyd-
ligt sämre vid 12 månaders uppföljning. Studie 2 var en process-studie, som 
undersökte patientens upplevelse av allians till den virtuella terapeuten i 
VRET, vilket undersöktes med ett nytt mått: Virtuell Terapeut Allians Skala 
(VTAS). En explorativ faktoranalys fann en tvåfaktorslösning: en faktor be-
stående av uppgift-, mål- och delad närvaro-skattningar, och en faktor bestå-
ende av relation och empatiskattningar. Psykometrisk analys av VTAS visade 
god intern konsistens, och en måttlig korrelation mellan VTAS och förändring 
av självskattad rädsla mellan behandlingsstart och uppföljningsmätning. Stu-
die 3 undersökte vad personer med spindelfobi upplevde som mest skräm-
mande med spindlar. Både kvantitativa skattningar och kvalitativa beskriv-
ningar pekade ut spindelns rörelser som mest skrämmande, och till lägre grad 
också spindelns utseende. Korrelation mellan dessa två faktorer, tagna från en 
explorativ faktoranalys på skattningarna, fann inget samband med deltagarnas 
självskattade rädsla innan behandling. Sammantaget antyder ovanstående re-
sultat att VRET är ett potentiellt alternativ till ensessionsbehandling av spin-
delfobi också med avseende på terapeutallians och spindlars rörelseegen-
skaper bör beaktas i framtida VRET-behandlingar. 
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Introduction 

Efficacious treatments exist for many mental health problems, but there is 
perhaps no better example than that of exposure therapy for specific phobia. 
However, access has proved problematic for a variety of reasons pertaining 
to both patient and therapist. Due to the learned behavior of withdrawing 
from anxiety provoking stimuli and therefore failing to disconfirm cata-
strophic fears, specific phobias will typically take a chronic course unless 
treated, and may contribute to the development of additional co-morbid con-
ditions. 

 
The development of treatments for specific phobia have followed a trajec-

tory similar to other medical procedures, using theory-based hypothesis test-
ing and experimentation. Knowledge of the disorder has been recognized as 
far back as Hippocrates who described two individuals with unreasonable and 
excessive fear. Resolving repressed aggressive tendencies towards a parent 
figure was the solution undertaken by Freud for treating a young patient with 
a fear of horses. It was really cognitive-behavioral treatments, and exposure 
therapy specifically, however that have enabled large numbers of people to be 
treated successfully, systematically, and with relatively few or even one ses-
sion. 

 
This thesis summarizes the development of a new generation of treatments 

for specific phobia, in this case for fear of spiders. Using low-cost virtual re-
ality technology, now easily accessible to the average consumer in middle- 
and high-income countries, and downloadable software accessible to anyone 
with an internet connection, we show that spider phobia may be treated with 
similar efficacy to the gold-standard treatment for specific phobia but without 
requiring patients to interact with a real-life spider or having to pay a psy-
chologist for their services. 

 
The example of automated treatments for specific phobia offers a course of 

action and a suggested set of steps and requirements that any therapy for a 
mental health care problem must meet before inexpensive and wide-spread 
access to a psychological treatment can be enabled: identify the active ingre-
dients for treatment efficacy, distill those ingredients into a time-limited treat-
ment format, use technology to reduce costs and increase accessibility, and 
finally incorporate supportive components in the therapy to enable patients to 
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complete the intervention on their own, for example by using a virtual thera-
pist. 

 
The development of a truly automated treatment for specific phobia is not 

yet complete. While we have identified an efficacious treatment for spider 
phobia that can be conducted by oneself, this research will need to be repli-
cated in other populations outside Sweden, ideally using real-world effective-
ness trials in outpatient clinics or people’s own homes. In the future, a deeper 
understanding of underlying mechanisms related to specific phobias may be 
identified and used to improve upon the innovations reported here. Neverthe-
less, the future appears bright in so far as the work of countless researchers 
and psychologists have before us, when combined with a novel technology, 
enabled an evidence-based treatment to be accessible at low-cost to all. 
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Fear, anxiety and avoidance   

Normal and abnormal fears 
 
Fears and anxieties are a persistent part of the human condition, and yet for 

the most part they are not pathological. They feature prominently during the 
course of childhood and adolescence, are typically developmentally norma-
tive, and can even be considered a welcome sign of increasing cognitive mat-
uration and sophistication (Davis, Ollendick, & Öst, 2019). At the earliest, this 
begins to occur from 6 to 8 months old when infants display anxiety when 
removed from an attachment figure (Lavallee & Schneider, 2019), and from 8 
to 10 months when infants recoil when placed in the arms of a stranger, avoid 
visual cliffs while crawling, and rapidly detect the presence of a snake or spi-
der (LoBue & Adolph, 2019). In the case of separation anxiety, early detection 
of anxiety is followed by a mounting intensity (over approx. 1 year), to a peak, 
even to concerning levels (at 15-18 months), and then a typical gradual decline 
(between 2-4 years; Lavallee & Schneider, 2019). In adulthood, healthy anxi-
ety and fear is familiar to anyone who has had to take an exam (or completed 
a dissertation!), the added anxiety helpful for increasing performance as long 
as it remains at moderate levels (Barlow, 2002). Thus, fears and anxieties in 
healthy children and adults are largely transient and fleeting experiences, and 
dependent on environmental conditions.  

 
Fears and anxieties become abnormal according to diagnostic manuals such 

as the DSM-5 (American Psychiatric Association, 2013) and ICD-11 (World 
Health Organization, 2018) when they interfere in daily functioning, with neg-
ative effects on social relationships, work and leisure activities. Unlike the 
temporary experiences of anxiety associated with particular environmental 
challenges, clinically diagnosed anxiety disorders must be persistent, lasting 
for at least 6 months in adults, and typically involving the avoidance of situa-
tions or specific objects. Fears must be actively endured, marked and be out 
of proportion to the real danger posed by a situation or salient object (whether 
that is recognized by the individual or not). At the same time anxiety and fear 
are dimensional constructs and while categorical diagnostic criteria can be 
useful to clinicians, what is normal or abnormal requires clinical judgement 
balancing across multiple factors, such as an understanding of the motivations 
and origins of the patient’s emotional response (Craske & Stein, 2016).  



 

 13 

Fear versus anxiety 
 
There are multiple theories for what discriminates fear from anxiety but 

Barlow’s (2002) definition is popular, based on whether the threat is imminent 
(fear) or an anticipation of a future event (anxiety). Another theory suggests 
that fear emphasizes alarm and physiological hyperarousal, while anxiety has 
a greater emphasis on mood-oriented subjective symptoms. An analogy of this 
difference might be an animals state during potential versus actual predator 
contact (Craske et al., 2009). While the DSM-5 (APA, 2013) characterizes 12 
separate anxiety disorders, only one is categorized as a specific phobia, de-
fined as fear towards a particular object or situation. Previously, the ICD-10 
formally made a distinction in category based on whether symptoms fell 
within an anxiety or fear grouping, however the updated ICD-11 now deter-
mines diagnosis based on the individual’s focus of apprehension (Reed et al., 
2019). That is, classification is based on the content of the disorder, for exam-
ple spiders or other highly constrained content in the case of specific phobias, 
as compared to worry, for example, in the case of generalized anxiety disorder.  

 
The focus of apprehension, in the case of specific phobias, can be identified 

towards nearly any situation or object, and lists are available online (e.g., pho-
bialist.com) totaling nearly 530 apparently distinct and referenced types (as of 
July 2019). In order to be a defined as specific phobia, the individual must be 
fearful to that object or situation almost all the time. Despite the diversity of 
fears possible, the vast majority of specific phobias fall into one of five cate-
gories including fear of animals (e.g., spiders), natural environment (e.g., 
lightning), situational (e.g., fear of flying), blood-injection-injury (BII, e.g., 
needles or blood) and a miscellaneous “other” category (e.g., situations that 
might lead to chocking or suffocation). Factor analyses of specific phobia 
symptoms tend to group into three types (not five), however; including animal, 
BII and a combined natural environment-situational phobia (Muris et al., 
1999). An example of the challenge of differentiating the later combined sub-
grouping is given by Barlow (2002) for an individual fearful of bridges: is it a 
natural environment-type phobia (i.e., fear of heights) that the person is afraid, 
or a situational-type phobia (i.e., something unique to bridges)? As a result of 
challenges like this, researchers continue to suggest these categories be col-
lapsed into one (Davis et al., 2019). Identifying the phobia by name rather than 
type communicates more and is better supportive of planning treatments ef-
fectively according to Barlow (2002). However, the groupings can also be 
very useful. For example, specific phobias of similar types tend to occur to-
gether in individuals and within families, possibly aiding preventive efforts, 
and certain groupings have different recommended treatment approaches than 
others (e.g., applied tension in the case of BII; LeBeau et al., 2010). Im-
portantly, the sub-divisions may be related to differences in symptomatology 
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with unique patterns of physiological and cognitive responding common to 
each (Muris, Schmidt, & Merckelbach, 1999). 

Symptomology 
 

Specific phobia symptoms, have in general, been described as including a 
“fast heartbeat, tight muscles, an urge to run, rapid breathing, feeling of doom, 
feeling fidgety, trembling, shortness of breath, cold hands or feet, and a pound-
ing sensation in the chest” (Barlow 2002, p. 394). This description is based on 
the top 10 most commonly reported specific phobia symptoms (in rank order) 
reported by 20 patients with the disorder (Thyer & Himle, 1987). These symp-
toms are also similar, by some accounts, to the experience of a spontaneous 
panic attack, however, these patients tend to report more intense symptoms, 
and an emphasis, for example, on a fear of dying or losing control and somatic 
sensations such as dizziness (Rapee et al., 1992). The tripartite model of fear, 
anxiety and depression, first proposed by Lang (1968), and based on physio-
logical indicators (i.e., somato-visceral activity such as muscle tension), sub-
jective feelings (i.e., verbal-subjective symptoms such as worry), and behav-
ioral actions (i.e., overt motor acts such as avoidance), can provide a helpful 
framework for clarifying what constitutes a specific phobia and how it is dif-
ferent from other anxiety disorders (see Craske et al., 2009).   

 
Across anxiety disorders, physiological measurements of heart rate and 

blood pressure have tended to be consistent with subjective symptoms that 
individuals report (Lewis & Drewett, 2006). Anxiety disorders are indicative 
of an “overpreparedness” that involves a higher resting and variable heart rate 
as compared to healthy peers, greater electrodermal reactivity, and a resting 
hyperarousal not dissimilar from that of healthy subjects during anxiety in-
duction experiments (i.e., participants given painful shocks during a task com-
pletion; Barlow 2002). However, there are also differences in patterns of re-
sponding between the different anxiety disorders. According to Barlow 
(2002), two older studies provide an example of the prototypical physiological 
responding by phobic versus anxious patients when confronted by aversive 
noise stimuli. In Lader and Wing (1964), clinically anxious and control pa-
tients were exposed to high intensity (100 db) audio while measured for heart 
rate and electrodermal response. Clinically anxious patients had on average 
15 beats per minute higher heart rate than controls, as well as greater sponta-
neous skin conductance fluctuations, and a slower habituation of electroder-
mal responses. In a follow-up study (Lader 1967), 6 groups of individuals with 
different anxiety and depression diagnoses were included and again exposed 
to the audio stimuli. Those with specific phobia were indistinguishable from 
healthy controls in regards to speed of electrodermal habituation (both were 
quick to habituate), had few spontaneous skin conductance fluctuations, and 
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were generally less overtly anxious. Those in the other anxiety disorder 
groups, however, clustered tightly together in their responding with typical 
anxiety symptoms; based on cut-offs defined by the authors only 16% (3/19) 
phobia participants and 11% (8/71) other participants, were misclassified ac-
cording to their pattern of responding.  

 
When confronted with their unique phobic stimuli, however, those with 

specific phobia do share a pattern of physiological responding common with 
other anxiety disorders (Sarlo et al., 2002). This includes sympathetic activity, 
such as cardiac acceleration, increased blood pressure, vasoconstriction with 
increased skeletal muscle blood flow, enhanced electrodermal activity; that is 
symptoms consistent with escape-type behaviors. BII phobic responding is 
somewhat different, with a similar animal sub-type phobic response at first, 
followed by an abrupt relative decrease in heart rate. Previous research has 
shown that the decrease is sufficient to cause fainting in as many as 70% of 
blood phobics and more than 55% of injection phobics (Öst, 1992). These are 
the “typical” phobic responses, however individual unique variations also do 
occur. In a study of spider phobic (n = 46) and healthy female controls (n = 
44) shown images of tarantula as well as neutral and positive images from the 
International Affective Picture System (IAPS), as expected, higher average 
heart rate was found for spider phobic patients toward the spider images as 
compared to healthy participants (Knopf & Pössel, 2009). At an individual 
level, only those categorized as high response phobic, however (i.e., those 
with the greatest heart rate difference scores between neutral and spider im-
ages) were significantly higher in heart rate toward spider images than non-
phobic individuals. Those spider phobic patients with low responsiveness 
(one-third of spider phobic participants) actually had significantly lower heart 
rates than medium and high response non-phobic participants. That is on the 
basis of individual unique response in heart rate, a portion of spider phobic 
individuals were indistinguishable from healthy participants. Electrodermal 
activity on the other hand was consistently higher in phobic than non-phobic 
individuals and did not seem affected by response level to the neutral versus 
spider images.  

Information processing biases 
 
 In addition to physiological differences as compared to healthy popula-
tions, those with anxiety disorders tend to have a variety of information pro-
cessing biases that contribute to the development and maintenance of their 
disorder. As summarized in a recent volume of the Clinical handbook of fear 
and anxiety (Abramowitz & Blakey, 2020), these include selective attention, 
confirmation (or interpretation) bias and memory bias. Selective attention in 
healthy adults functions in such a way as to reduce cognitive workload by 
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prioritizing relevant stimuli and minimizing irrelevant information, and is 
adapted towards identifying potential threats (or potential appetitive signals 
like finding a mate or food). In individuals with anxiety disorders, however, 
such attention can become consistently focused toward even minor threats, 
involve a tendency toward scanning or hypervigilance, and may result in dif-
ficulty disengaging (Azriel & Bar-Haim, 2020). Those with anxiety disorders 
may have confirmation (or interpretation) biases which lead to erroneously 
attributing danger to benign, neutral or ambiguous evidence, and failing to 
disconfirm evidence to the contrary. For example, this may include a covaria-
tion bias which indicates a propensity to see two unrelated events as being 
related, such as spiders always being found in particular places (Williams et 
al., 2009). Memory serves to support an individual’s healthy functioning by 
enabling recollection and recombining of past learned information to support 
present moment tasks, goals, self-care as well as effective planning for the 
future, but memory biases can also serve to sustain psychopathology, for ex-
ample by the preferential encoding and recalling of threatening information 
(Romano et al., 2020). These memory biases tend to be related to autobio-
graphical episodes or semantic knowledge about the self, reinforcing negative 
beliefs one has about their person and the probable outcome of an event.  
 
 Other cognitive biases in anxiety disorders exist and one such example that 
has received considerable attention in specific phobia literature is related to 
the emotion of disgust (Knowles et al., 2019). Although it is normative to ex-
perience the negative feelings of disgust when presented with certain stimuli, 
in those with anxiety disorder this may be connected with a fear of contami-
nation, or a “looming vulnerability,” a related information processing bias that 
may construe a contagion as spreading, rapidly approaching and intensifying 
in danger and risk (Williams et al., 2009). In a recent meta-analysis evaluating 
disgust proneness (Olatunji et al., 2017), high anxiety symptom individuals 
had a large, significant difference in disgust proneness as compared to low 
anxiety individuals (g = 1.15, 95% CI: 0.95 to 1.34, p < .001) and this rela-
tionship was significantly stronger in studies of disgust disorders in which 
contagion concerns are an issue (g = 1.24, 95% CI: 0.99 to 1.49, p < .001). For 
this reason, disgust has frequently been discussed in terms of small animal 
phobias (those capable of spreading pathogen), spider phobias particularly (re-
lated possibly to hairiness and crawling movements) and BII phobias (where 
blood, injuries or mutilation is involved). Although it is still unclear what un-
derlying cognitive processes contribute to psychopathology from being dis-
gust prone, attentional avoidance such as maladaptive visual avoidance, i.e., 
visual attending aimed at moderating one’s anxiety rather than focusing on the 
threat, may be a contributing factor (Knowles et al., 2019).  
 

In general, information processing biases lead individuals to overestimate 
the danger of situations or stimuli and may result in compensatory behaviors 
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such as a reliance on safety signals or experiential avoidance to cope with 
distress. In the short-term, avoidance strategies and safety behaviors can be 
helpful for immediate relief of anxiety such as leaving a situation or putting 
on special clothing to minimize risk of exposure to a spider, however in the 
long-term they can become habitual, rigid and automatic responses to stimuli 
or situations causing impairment (Hayes-Skelton & Eustis, 2020). Acceptance 
and commitment therapy (ACT), commonly used in treating anxiety disorders 
(but not typically specific phobias), nevertheless offers a potentially valuable 
model for framing how avoidance develops, is reinforced, and leads to psy-
chopathology. Hayes, Strosahl and Wilson (2012), suggest that avoidance first 
begins at the cognitive level (one’s own inner thoughts) and attempts to sup-
press, modify or eliminate those that are distressing. Since most thoughts are 
not amenable to voluntary control, individuals have no alternative but to resort 
to modifying behavior (and emotions if possible). Behavior, as the theory sug-
gests, comes under aversive (fear-based) rather than appetitive (goal-based) 
control, and rather than emphasizing valued-actions, individuals learn to em-
phasize anxiety reduction strategies. Traditional cognitive-behavioral theories 
of avoidance further suggest that such unproductive behaviors may continue 
because individuals never disconfirm their incorrect beliefs (Davis, Ollendick, 
& Öst, 2012). Parents may also play a role in the development and mainte-
nance of avoidant behavior (Ollendick et al., 2012). Children with parents pre-
sent during a behavioral approach test for animals were able to perform 58% 
of steps with a parent present and only 38% of steps without a parent present, 
with performance on the former predicted based on parent warmth and in-
volvement during the test.  

Impact on quality of life  
 
The combination of pathological cognitive strategies, and physiological 

and behavioral responding, have broad implications for the quality of life of 
individuals. Prospective samples of young people (aged 14 to 24 years old) 
exploring the development of mental health disorders using standardized di-
agnostic criteria, identified significant co-occurrence between meeting criteria 
for an anxiety disorder and impairment in professional career and personal 
relationships (Wittchen et al., 1998). Self-reported severe psychosocial disa-
bility during the lifetime peak of the episode was most frequently associated 
with specific phobias, followed by generalized anxiety disorder and panic dis-
order. Whereas panic disorder with agoraphobia was most often associated 
with impairment at work, education and household, specific phobia affected 
leisure time most frequently, and in the case of generalized anxiety disorder 
social contacts. In regards to those with specific phobias particularly, bivariate 
correlations between demographic variables and 30-day prevalence of specific 
phobias from a US National Comorbidity Survey (Magee, Eaton, Wittchen, 
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McGonagle, & Kessler, 1996) indicate that specific phobias have a significant 
relationship with unemployment, including being a student (OR 1.49, 95% CI: 
1.01 to 2.21), being a homemaker (OR 2.48, 95% CI: 1.44 to 4.26) or other 
(OR 2.91, 95% CI: 1.66 to 5.07), as well as living with parents (OR 2.41, 95% 
CI 1.46 to 3.98), and being in the lowest income bracket (OR 2.02, 95% CI: 
1.16 to 3.50). More than a third (34.2%) of the sample of those with specific 
phobias indicated their disorder “interfered a lot” with their “life and activi-
ties”.  

 
Detailed research on the relationship between marriage, divorce and mental 

disorders was explored in a cross-national study using epidemiological data 
from 19 countries (Breslau et al., 2011). Specific phobias along with major 
depression and alcohol abuse, of the eighteen disorders included in the analy-
sis, were associated with the largest population attributable risk proportions 
for increased divorce (1.3, 4.0 and 2.9% increase, respectively). Specific pho-
bia (but not any other disorder) was also significantly and positively associ-
ated with increased prevalence of early marriage (3.6%; marriage before 18 
years). In addition to problems related to professional and leisure activities, as 
well as personal relationships, phobias are associated with multiple negative 
repercussions from failure to complete required medical tests such as the use 
of imaging technology, for example magnetic resonance imaging (MRI) due 
to claustrophobia, completing blood tests as a result of BII phobias, and fears 
related to and preventing dental procedures (as reviewed in Choy, Fyer, & 
Lipsitz, 2007; Wolitzky-Taylor, Horowitz, Powers, & Telch, 2008) 
 

In summary, fear and anxiety are a persistent part of the human condition 
from early life until adulthood, however individuals will meet criteria for one 
or more specific phobias only when the fear is persistent and impairing. Spe-
cific phobias suggest an overestimation of the real danger of a situation or 
stimuli. The pattern of responding when encountering the object suggests im-
minent threat, with consistent patterns of physiological, emotional and behav-
ioral responding. These patterns of responding are sustained in part by patho-
logical forms of information processing and use of avoidance and safety be-
haviors as a coping strategy. The repercussions for the health of the individual 
are negative, including deficits in a wide-ranging number of activities from 
personal life, to career and education. 
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Prevalence of specific phobias 

Unreasonable fears are remarkably common. In a book section describing 
how to conduct exposure therapy, the clinician and researcher Lars-Görgan 
Öst (2012, p. 83) catalogued a list of the common catastrophic fears patients 
report when entering therapy. A spider phobic patient states that a “spider will 
crawl underneath my clothes and I will get a strong panic attack and die of 
heart failure.” An individual suffering from fear of enclosed spaces reasons 
that upon entering an elevator that it “will get stuck between two floors, no 
one will hear the alarm signal, the air will run out, and I will die from suffo-
cation.” Despite the obvious discomfort these thoughts might have, individu-
als who report them will not be expected to meet criteria for specific phobia 
unless their avoidance and distress leads to impairment. According to a recent 
Lancet Psychiatry review which summarized data across three nationally rep-
resentative surveys in the United States and the Netherlands, approximately 
20% of individuals report a lifetime below clinical threshold fear of heights, 
10% a fear of enclosed spaces, and 13 to 22% a fear of animals (Eaton, 
Bienvenu, & Miloyan, 2018). Of these individuals, the conditional probability 
of meeting diagnostic criteria given the presence of a fear (irrespective of 
which sub-category) is 25-30% and similar between the United States and the 
Netherlands.  

 
Among mental disorders, specific phobia is considered the most prevalent 

condition along with depression and alcohol-use disorder (Eaton, Kessler, 
Mortensen, Rebok, & Roth, 2019). For those meeting diagnostic criteria for 
specific phobia, the lifetime prevalence of the disorder was 7.2% in adults 
(IQR: 4.0-10.4), based on 25 community-based studies included in the Lancet 
Psychiatry article (from 1984 and 2016). This is similar to a separate analysis 
of 25 cross-sectional World Mental Health surveys conducted between 2001 
and 2011 which found a lifetime global prevalence of 7.4% across 22 coun-
tries (Wardenaar et al., 2017). Among specific phobia subtypes globally, life-
time prevalence figures range from 2 to 6% for any one sub-type, with animals 
(3.3 - 4.7%) and heights (4.5 - 5.3%) being consistently among the most fre-
quently reported (Eaton et al., 2018). Half of all individuals with a lifetime 
specific phobia diagnosis reported a fear of heights or animals according to 
the United States National Epidemiological Survey on Alcohol and Related 
Conditions (Stinson et al., 2007). As would be expected, 12-month prevalence 
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rates for specific phobias are lower than lifetime prevalence with a recent sys-
tematic review identifying a median 12-month prevalence figure of 4.8% 
(IQR: 3.5 - 7.3%; Eaton et al., 2019). 
 

For policy decisions, lifetime prevalence and 12-month figures are im-
portant measures, however they may suffer from recall bias and only report 
whether an individual has met criteria up until that point (Kessler et al., 2012). 
Therefore, lifetime morbid risk of a disorder, a measurement predicting the 
proportion of people that will eventually develop the disorder at some point in 
their lives based on combined observed lifetime prevalence data and projec-
tions about future onset, can also be useful. Kessler et al. (2012) conducted 
such an analysis using US household population data (individuals aged 13 and 
older) to construct survival models that predicted 18.4% of Americans would 
meet criteria for specific phobia in their lifetime; a higher number than re-
ported lifetime prevalence figures provided in the same study (15.6%). Ac-
cording to the authors, this puts specific phobia second only to major depres-
sion for greatest lifetime prevalence and lifetime morbid risk for anxiety or 
mood disorders in the United States.  

 
In the Lancet Psychiatry review, regional population characteristics were 

noted and summarized. East Asian populations tended to figure lower in prev-
alence than European and American surveys. In China, Japan and Korea, prev-
alence rates were all below 4%, whereas in 12 Europe and North American 
surveys (with the exception of Italy at 1.5% and Poland at 3.4%) national fig-
ures were above 6.5%. New Zealand was categorized with Asia but had a 
prevalence figure closer to Europe and North America at 10.8%. In general, 
prevalence figures for specific phobia are higher in high- and middle-income 
countries (8.1 and 8.0%) versus low-income countries (5.7%), according to 
the World Mental Health Surveys (Wardenaar et al., 2017). Despite relatively 
consistent figures at the global and regional level in prevalence, there can be 
high variability at the local level. As reported in Lancet Psychiatry, the City 
of Oslo for example, had a prevalence figure of 14.4% versus rural Norway at 
6.5% (total respondents), and the city of Baltimore (23.5%) versus New Ha-
ven, Connecticut (8.5%; female respondents only). The authors of the review 
suggest that as yet unknown risk factors might be responsible for prevalence 
differences among nearby localities.  
 

Related to the incidence of specific phobias, age-of-onset can be an im-
portant source of information for prevention efforts and to ensure early treat-
ment. The onset of specific phobias is considered one of the earliest of any 
mental health disorder. Kessler et al. (2007) identifies a median age-of-onset 
for specific phobias of between 7 and 14 years (IQR: 4 - 20). Given the relative 
lack of prospective cohort studies similar to research for cancer and cardio-
vascular disease (the authors note), these figures have been based primarily 
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on retrospective World Mental Health Surveys. An updated World Mental 
Health Survey analysis (Wardenaar et al., 2017) indicates 8 years as the me-
dian first onset (IQR: 5 – 13). As compared to other mental disorders such as 
impulse-control disorders (median onset age of 7 to 9 years), these figures for 
specific phobia are similar but perhaps slightly later than that very early and 
narrow age band, but almost identical to the estimated distribution for separa-
tion anxiety disorder (Kessler et al., 2007). Given the early onset of specific 
phobias and the condition being known as an important predictor of panic dis-
order (relative risk = 4.38), generalized anxiety disorder (relative risk = 4.10) 
and other serious conditions (Lieb et al., 2016), with adequate and prompt 
access to care, young patients with specific phobias could potentially be pre-
vented from developing additional co-morbid conditions. 

 
It is important to note, however, that rates of incidence may fluctuate with 

specific phobias, and in a way that is more varied than other disorders such as 
depression, where the predominant incidence is early to mid-adulthood (three-
quarters before age 42; Eaton et al. 2019). Specific phobia incidence may oc-
cur at any time in the lifespan and is not only isolated to the early years. A 
longitudinal cohort study of 175 000 Baltimore residents, interviewed at four 
time periods starting in 1981 and ending in 2005 (Eaton et al., 2007), indicated 
that although peak incidence occurred below age five (often before individuals 
could remember) there were additional peaks of incidence in later years (Eaton 
et al., 2019). These variations appeared to be largely gender-specific. After 
age five, peaks in new incidence occurred at age 35, 55 and 75 years among 
female respondents. The authors suggest that changes in incidence rates may 
be related to environmental and social factors at different developmental 
stages. Overall though, women are more likely to report specific phobias then 
men. According to the Lancet Psychiatry article (Eaton et al., 2018), this was 
the case for all community-based samples included in their systematic review. 
In North America and Europe, approximately twice as many women report 
lifetime prevalence of a specific phobia, however there have been reports of 
isolated differences. For example, in rural Norway approximately four times 
as many women report with specific phobia than men. 

 
Once an individual receives a diagnosis for specific phobia the disorder 

tends to follow a chronic course. Mean duration of an episode has been re-
ported as 20.1 years in those with a lifetime specific phobia diagnosis (Stinson 
et al., 2007). This can also be assessed by interviewing individuals receiving 
a diagnosis in the year preceding a follow-up interview. In the first year after 
diagnosis, according to United States Epidemiological Catchment Area data 
reported in Eaton et al., (2018), fear of heights was the most persistent disorder 
with as many as 20% of individuals continuing to receive a diagnosis. This 
was followed by fear of water (17%), fear of storms (14%), and fear of flying 
and animals (12%). At the other extreme (12-years follow-up), fear of crowds 
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for which only 6% of individuals at 1-year follow-up continued to receive a 
diagnosis, was the most persistent at 28%. Next, however was fear of animals 
at 14% indicating little fluctuation over the more than decade time period, and 
fear of heights, formally the most persistent at 1-year follow-up, which also 
continued to have high chronicity at 12-years (11%). In comparison, a separate 
nationally-representative United States survey (National Epidemiological 
Survey on Alcohol and Related Conditions; Eaton et al., 2018), identified a 
narrower band of persistence (11 - 19%) at 3-years follow-up among 10 sep-
arate specific phobias diagnoses, and according to National Comorbidity data, 
at 10-years follow-up, a much higher overall but still narrow band of persis-
tence across seven specific phobias (25 - 38%).  

 
In summary, specific phobias are very common, similar in prevalence to 

the other most frequently reported mental health disorders, but current figures 
in the range of 7% are still likely an underestimate. A large proportion of in-
dividuals have a subclinical threshold fear resulting in distress but never report 
this as a disorder, and some may fail to recall previous episodes during sur-
veys. Overall women are more likely to report a specific phobia than men.  
Prevalence of phobias are higher in some populations than others (European 
and North American as compared to East Asian) but high variation is found 
even at the local levels, for example between cities and rural areas. Fear of 
heights and animals are reported by half of all individuals with a specific pho-
bia. The median age of onset is among the earliest of all disorders but first 
incidence may occur at any time, possibly in relation to social and environ-
mental changes. Given that specific phobias can become a chronic condition 
and early onset may predict other serious conditions the early treatment of 
phobias should be prioritized. 
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Etiology 

Historical overview 
 

The story of Little Albert is synonymous with research on classical condi-
tioning in humans and is among the most widely cited of all psychology stud-
ies (Harris, 2002); it also happened to be a powerful early demonstration that 
fear can acquired and the mechanism tested empirically (Lipp et al., 2019). 
Sometime during a four-month period in 1919, John B. Watson, then a Pro-
fessor of Psychology at Johns Hopkins University, and his assistant Rosalie 
Rayner, conducted a series of conditioning experiments with a healthy 9-
month-old boy referred to as Albert B. The founder of the influential Behav-
iorist School of Psychology, Watson in a 1913 publication entitled Psychology 
as the Behaviorist Views it, stated his aim to ensure psychology became an 
“experimental branch of natural science which needs introspection as little as 
do the sciences of chemistry and physics” (Watson, 1913), and suggested that 
“within normal biological limits, children were made, not born” (Bigelow & 
Morris, 2001). The Little Albert study was a natural extension of his theoreti-
cal model of emotional development and had as its goal an empirical test of 
whether these characteristics could be conditioned by events, persons and ob-
jects in their environment and therefore whether a person’s emotional life 
could be brought under experimental control (Harris 2002).  

 
In the series of experiments, Albert was first presented with a number of 

inanimate objects (such as cotton, human masks and burning papers) as well 
as live animals (such as a rabbit, dog, monkey and rat), apparently showing 
little emotional reaction to these. As one would expect, however; the child was 
startled and would begin to cry when a metal bar was struck behind him. Sub-
sequently, Albert was presented with the loud noise while touching a white 
rat. The initial phase of conditioning was replicated seven times across two 
sessions (conducted one week apart), and following these pairings Albert re-
acted with crying and avoidance whenever the rat was presented. This oc-
curred even without the simultaneous presentation of a loud sound. In sessions 
conducted after five days, Albert continued to display a strong fear response 
but now also to other furry objects (such as a rabbit) indicating a generaliza-
tion to similar objects. The same generalization did not occur to playing 
blocks, however, and other non-furry objects.  
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Today these experiments would be considered highly unethical, and they 

also had numerous flaws in experimental design, such as reliance on a single 
subject, overly subjective interpretations of the child’s behavior, confounding 
on some trials (such as the barking of a dog frightening the child), and a seem-
ingly reduced and possibly inconsistent phobic response in later sessions after 
which the child was reconditioned (Harris, 2002). Nevertheless, the study had 
an important impact on later generations of psychologists. A recent review of 
novel approaches to strengthening fear extinction in humans (Lipp et al., 
2019) suggests the work provided an underlying foundation for fields as di-
verse as development psychology, human emotional learning, experimental 
psychology, and experimental psychopathology. Perhaps, the most important 
effect of this work, however was inspiration for the development of treatments 
for anxiety disorders using behavior therapy. Prior to this, psychodynamic 
therapists from Freud onwards asserted that irrational fears toward an object 
were based on activities of the id (such as anger or hostility). These intense 
feelings were liable to become repressed and projected onto symbolic objects 
in the environment, requiring awareness of the underlying impulse to over-
come (see Little Hans horse phobia case; Thorpe & Salkovskis, 1999). Both 
Joseph Wolpe and Hans Eysenck, founders of Behavior Therapy provided a 
new alternative framework for understanding fear, used the little Albert story 
to emphasize that phobias could be “induced,” that a neutral stimulus could 
acquire the ability to evoke fear depending on how it was presented, and in 
time they pioneered novel and powerful ways to extinguish it (Harris 2002).  

 
According to Wolpe, it was Ivan P. Pavlov and his student M.N. Eroféeva 

who deserve primary credit for elucidating the principles that underlie how 
fears develop (Wolpe & Plaud, 1997). Wolpe’s research emphasized Pavlov’s 
experimental conditioning procedures and based on laboratory experiments 
with cats would go onto develop Systematic Desensitization, the first empiri-
cally supported behavior therapy treatment. In this paradigm, specific phobias 
and other anxiety disorders are progressively treated using a countercondition-
ing methodology (i.e., reciprocal inhibition), weakening the relationship be-
tween stimulus and fear by incorporating an appetitive reinforcer (in the case 
of cats, food, but in the case of humans, progressive muscle relaxation), as 
well as other components such as reducing negative reinforcers (i.e., safety 
behaviors). Hans J. Eysenck, on the other hand, emphasized another area that 
Pavlov had pioneered which was his system of personality types, the basis for 
which he assumed were natural variations in excitatory and inhibitory compo-
nents of the nervous system. Pavlov had identified differences in personality 
types among dogs such as friendliness or aggression, but Eysenck related these 
to human differences, such as introversion and extroversion for which baseline 
cortical arousal levels were either high or low, respectively. Rather than the 
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acquisition of fear being entirely environmentally-derived, this research sug-
gested as an interplay between conditioning and what Eysenck assumed was 
a genetic component. This ensured that some individuals would be more likely 
to develop a specific phobia than others.  

Environmental and biological explanations 
 
Today the view of the etiology of specific phobias and other anxiety disor-

ders continues to be that their development is based on both environmental 
conditioning and genetic predisposition. In terms of environmental condition-
ing there are numerous ways that early upbringing such as family life plays a 
role in determining the health of children and providing for the critical skills 
needed for their resilience. This includes everything from parenting style 
(harsh or supportive), neighborhood security (safe or violent), as well as fi-
nancial, nutritional and institutional access (Yoshikawa et al., 2012). Child-
hood maltreatment such as physical, sexual, emotional abuse and neglect have 
all been linked to internalizing and externalizing disorders that underlie many 
mental health problems (Vachon et al., 2015). Whereas previously there was 
an assumption that certain forms of maltreatment were more deleterious to 
mental health outcomes than others, findings by Vachon et al., (2015) aggre-
gating data over nearly three decades suggests that exposure to the diverse 
types of abuse described above (even emotional) have roughly equivalent neg-
ative outcomes for the child.  

 
There may be a range of explanations for these results, and evidence of the 

biological effects of stress from childhood onwards provide one rationale 
(McEwen, 2007). This includes hormonal changes, such as dysregulation of 
cortisol production, and metabolic changes such as reactivity to hormones in-
cluding insulin, leptin and ghrelin. Structural remodelling of the hippocampus, 
pre-frontal cortex and amygdala, all responsible for cognitive and emotional 
processing, can be observed in animal models. Recently correlations have now 
been made to deprivation in childhood and human brain development (Hair et 
al., 2015). Findings from this longitudinal cohort study indicates that children 
in low-income households scored significantly lower on academic and cogni-
tive test scores, with maturational lags in frontal and temporal lobes based on 
MRI scans explaining as much of 20% of variation.  

  
Socio-economist status indicators such as educational attainment and in-

come status have been identified as particular risk factors for the development 
of anxiety disorders. In samples collected in the United States (as reviewed in 
Eaton et al., 2019), education level defined as failure to complete high school 
(vs. college completion) was associated with a 2.8 times more common diag-
nosis of an anxiety disorder, and annual income less than $20,000 (vs. > 
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$70,000) a 2.1 times more common diagnosis. In regards to specific phobias, 
particularly, they are more prevalent in those without high school completion 
than those with (11.4 vs. 8.64%), and are 1.73 times more commonly diag-
nosed in high school educated as compared to those with college education. 
While in general anxiety disorder differences between urban and rural popu-
lations are considered largely minimal, this is to a lesser extent the case for 
specific phobias which show that those living in rural areas have a 1.21 greater 
chance of receiving a diagnosis. 
 

There is a clear relationship between parental anxiety and the development 
of anxiety within children: anxiety “runs in families” as described by Beesdo-
Baum & Knappe (2012). As discussed previously, exposure to deprivation, 
neglect and stress within the family is a risk factor for the development of 
mental illness, however there is increasing evidence that genetics rather than 
environment may predominate in the transmission of anxiety disorders. As 
reviewed in Shimada‐Sugimoto et al., (2015), risk of developing an anxiety 
disorder is heightened (but still moderate) in children if their parent has the 
disorder, with estimates of heritability in the range of 30 to 50%, and based 
on a data from twin studies, 30 to 60% for phobias (including agoraphobia and 
social phobia). There may also be differences in heritability between specific 
phobia sub-types (Van Houtem et al., 2013). According to authors, the two 
highest reported fear and specific phobia sub-types (fear of animals and BII 
phobias) had a heritability of 45% and 33%, respectively. In providing an 
overall estimate of heritability, Eaton et al. (2018) summarized data across 10 
independent twin studies finding a mean heritability for animal, situational 
and blood-injection sub-types of approximately 30%.  

 
Genetic influence in the development of anxiety disorders could be related 

to how the brain processes fear. Those more prone to anxiety disorders have a 
greater reactivity in fear processing areas such as the amygdala and insula than 
anxiety-normal individuals, i.e., those scoring in the top 15th percentile on 
trait-anxiety versus those in 40 to 60th percentile (Stein et al., 2007). Those 
individuals diagnosed with an anxiety disorder such as specific phobia (as well 
as PTSD and social anxiety disorder) also have greater baseline activation in 
the same brain regions as compared to healthy controls (Etkin & Wager, 
2007). Healthy controls will, however, show patterns of activation similar to 
those diagnosed with an anxiety disorder when confronted with a fear condi-
tioning task.  
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Evolutionary perspective  
 

 Given the genetic component for the development of specific phobias, and 
that certain specific phobias predominate over others such as spider and snake 
phobia, it is natural to assume there is an evolutionary rationale for the devel-
opment of these disorders (“evolutionary fear-relevant” stimuli; Soares, 
Lindström, Esteves, & Öhman, 2014). Snakes still cause widespread harm to 
humans with as many as 100 000 annually dying as a result of snake bites, up 
to 400 000 a year facing lasting impairment, and share an estimated 100 mil-
lion years of evolution in which they mutually interacted with us in a predator-
prey relationship. While only 0.5% of spider species are harmful to humans 
(200 of hundreds-of-thousands), mortality is limited (approx. 200 deaths an-
nually), and spiders primarily prey on insects as compared to snakes which 
are carnivorous, they do have a long-shared history with our early ancestors, 
and can still be harmful. Research by New and German (2015) give the exam-
ple of Latrodectus (the widow spiders) as an evolutionary rationale for the 
continued fear of spiders in modern humans. The Widow spiders have verte-
brate-specific neurotoxins that cause severe nausea, muscle cramps and pain 
upon envenomization, and prior to antivenom could be lethal in healthy adults 
(estimated at 4 to 8%) and even more so in certain populations (the old, young, 
those who are pregnant and ill). This particular species now exists on every 
continent except Antarctica and has a particularly high-density population in 
Southern Africa (Garb et al., 2004) where it, like recent research suggests, 
anatomically modern humans originated approximately 200 thousand years 
ago prior to first migrations (Chan et al., 2019). Given the shared recent his-
tory (relatively speaking) and likelihood that populations of hominid lived 
side-by-side for many millions of years earlier with poisonous spiders, it 
would not be surprising that our ancestors developed highly relevant adapta-
tions for dealing with them (of which Latrodectus is just one example). Simi-
lar sets of hypotheses could be generated for why fear of heights, storms and 
other small animals are common types of specific phobia in modern popula-
tions.   

 
Research by Arne Öhman at Karolinska University suggest that evolution-

ary relevant threats may receive special “preferential access” to a threat detec-
tion system based on their low-level sensory features and cues, triggering 
arousal (Öhman & Mineka, 2001). Unlike familiar slow, preferential and con-
scious attention, in order to keep the individual safe at risk of death, the de-
tection system would need to be pre-attentive, automatic, resistant to cognitive 
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control, and capable of rapid, reflexive avoidance of danger. Over many gen-
erations of cue and consequence understandings, as brought about by natural 
selection, conditioned responses to fear could develop into innate defensive 
responses, and be physically located in an increasingly specialized and ad-
vanced nervous system as a module (e.g., amygdala; the “fear module”). Öh-
man and Mineka (2001) remind readers that evolutionary rationale for psy-
chological principles are not unlike any other scientifically derived argument 
for a psychological theory requiring empirically testable hypotheses and rul-
ing out of competing theories, however researchers in this area have begun to 
do just that.  

 
As an important first step, adequate defense requires reliable and early de-

tection of a predator or source of harm, and therefore evolutionary rationale 
for the development of phobias requires exploration of perceptual processes 
(Öhman and Mineka, 2001). This detection system would not just be relevant 
for specific phobias like snakes and spiders in which relatively simple shapes 
or types of movement could trigger responses, but also be relevant for social 
anxiety disorders in which faces or physical features are identifiable. New and 
German (2015), suggest that spiders unlike snakes are a particularly good test 
of the visual cognitive systems inherited (rather than learned) attentional pri-
orities given that spiders are not currently a significant survival risk although 
they may have been historically. In addition, unlike certain complex shapes 
which might have to be learned (such as a polar bear or wolf), the template of 
a spider is relatively invariant, and typically referred to as a central mass from 
which multiple segments radiate. Using an inattentional blindness task in 
which unexpected stimuli are presented peripherally to a central task-oriented 
stimulus, New and German (2015) found that the prototypical template shape 
of spiders presented without prior warning were reliably detected, located and 
identified by a majority of participants, irrespective of their level of fear of 
spiders, whereas the shape of a housefly and hypodermic needle were not, 
despite the former also being an animate object (and insect) and the later con-
ceptualized as being a threatening object. This reliable detection occurred both 
for spiders with curvilinear and rectilinear forms (natural curved shapes or 
straight legged spider images) as well as spider shapes in which the prototyp-
ical central mass and radiating segments were scrambled.  

 
Previous research has shown similar faster identification of spiders and 

snakes (fear-relevant) as compared to fear-irrelevant items (flowers and mush-
rooms) in a grid-pattern with and without distractors (Öhman et al., 2001). 
Participants here were told to simply watch for discrepant category images in 
this study (requiring top-down attention and vigilance) versus the New and 
German (2015) study which used an attentional blindness task (asking partic-
ipants to compare the length of two bars) after which stimuli were briefly 
flashed in the periphery of their vision. This attentional blindness task was 
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particularly geared towards recreating the type of situation in which a spider 
might actually be found in one’s environment i.e., without foreknowledge, 
warning, and unrelated to one’s current task. Nevertheless, in the Öhman et 
al. (2001) study, participants here who met self-report cut-offs for fear of 
snakes or spiders were more rapid at identifying the stimuli that they feared 
than the alternative. A more recent study by Öhman and colleagues (Soares et 
al., 2014) compared those with variable levels of fear of spider and fear of 
snakes, reflecting the general population. Their findings suggest that spiders 
were more efficiently detected when presented in central vision, but snakes 
were detected with relative invariance across the visual field suggesting a hu-
man visual field capacity for orienting toward the ambush hunting-type sce-
narios that snakes are known for, and would make sense in the context of our 
shared evolutionary history with these fear-relevant creatures. 

 
In summary, the etiology of specific phobias and anxiety disorders have 

biological, environmental and evolutionary rationale for their occurrence. 
These include natural genetic predisposition in populations and families, 
neighborhood environments emphasizing safety or insecurity, access to edu-
cation and support systems or deprivation and abuse, and an evolutionary ra-
tionale that posits an innate threat detection system (“fear module”) providing 
reflexive, automatic detection and avoidance of danger. It has also been shown 
that fears can be acquired and extinguished. Given how effective systematic 
counterconditioning effects such as exposure therapy are, the classical condi-
tioning model has proven particularly popular for understanding the etiology 
of specific phobias, and continues to be developed upon today.  
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Theory-based exposure treatments 

Historical overview 
 

Exposure therapy-based treatments conducted alone or with cognitive ele-
ments are considered a modern, highly effective approach to the treatment of 
many anxiety disorders (Norton & Price, 2007), particularly specific phobias 
(Choy et al., 2007), and have been developed over decades of careful research 
and experimentation (Barlow, 2002). However, the first use of exposure ther-
apies for the treatment of anxiety appears to be quite old. While it took until 
the 17th and 18th Century for the clinical description of a phobia first described 
by Hippocrates to take root as a unique medical condition in Europe (distinct 
from melancholy; Crocq, 2015), already in the 9th Century Aby Zayd Ahmed 
ibn Sahl al-Balkhi of Khorasan (an Arab polymath) proposed a nosology of 
phobia quite similar to the DSM-5 (Awaad & Ali, 2016). The definition con-
tained in his book the Masalih al-Abdan wa al-Anfus (Sustenance of the Body 
and Soul) differentiated present fear from future anticipatory anxiety and iden-
tified physiological symptoms of fear such as trembling hands and feet or pale 
skin from the withdrawal of blood towards the organs. The exposure therapy 
approach suggested by al-Balkhi was also similar to what would be prescribed 
nowadays. A series of examples were used to convince readers of his ap-
proach, including the suggestion that the anxiety experienced by sailors to-
wards large waves and storms is reduced as a result of continued time and 
exposure to the sea, and whereas a horse may fear an object at first, training 
the horse to become accustomed to the object by gradual presentation eventu-
ally reduces its anxiety.  

Theory 
 
This basic description of a behavioral treatment by al-Balkhi shares much 

with our modern understanding of fear reduction (Maples-Keller & Rauch, 
2020). A horse will tend to naturally reduce its fear to a novel object by con-
tinued exposure to that object in the absence of negative consequences (ex-
tinction learning). The same underlying mechanism of fear reduction is found 
in humans (the sailor, for example) by continued and repeated exposure to the 
presence of waves (exposure therapy). However, if a sailor, fearful of the 
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waves avoided the inevitable but temporary physiological and cognitive dis-
comfort by staying on land, he or she would not have the opportunity to dis-
confirm their beliefs about its danger. The mechanisms underlying habituation 
to discomfort, required for all exposure therapy based-treatments of anxiety 
disorder, are still based on theories originally proposed by Foa and Kozak 
(1986). 
 

These authors suggest that fear is held in memory as a program intended to 
escape danger, composed of a network of three parts including information 
about the aversive stimuli itself, physiological, verbal or behavioral responses 
to the stimuli, and interpretative meaning about the stimulus-response ele-
ments. In order to modify the fear structure, it must be elicited (by being ex-
posed to waves, for example), and because it is an escape-oriented program it 
must inevitably involve consequent physiological activation, without which 
the fear structure could not have been elicited. The proverbial sailor on the sea 
or patient in the clinic must withstand the effects of anxiety until it subsides 
in order for new more adaptive information about the stimuli (the absence of 
catastrophic effects of the stimuli, for example) to be added to the memory 
structure. This process is referred to as emotional processing (Foa & Kozak, 
1986). Our understanding of how the fear structure is modified, however, is 
currently an active area of research, the consequences of which has broad im-
plications for how exposure therapy treatments are conducted.  

 
 In the emotional processing theory of fear reduction, modification of the 
fear structure occurs through the incorporation of novel information incom-
patible with the original structure: as a result, preexisting links between stim-
ulus and response are weakened or replaced. Certain implications arise from 
this theory. For example, because the fear structure must be elicited in order 
to be modified, the greater the fear experienced by the patient (i.e., the greater 
the fear structure elicited), the greater the potential corrective learning that can 
be obtained (Weisman & Rodebaugh, 2018); and the longer the period of time 
the patient spends with the phobic object in a habituated state (i.e., weakened 
stimulus-response links) the greater the beneficial outcomes that can be ex-
pected. Also, those with a more coherent fear structure or rather those with 
fear structures containing less contrary information about the nature of the 
phobic stimuli (information not reflecting reality) are hypothesized to be those 
patients with the more intense phobias (Lang 1977 in Foa and Kozak, 1986).  
 

New research, however points to an alternative hypothesis about the mech-
anism of extinction learning and therefore how exposures should be carried 
out. Inhibitory learning theory, proposed by Michelle Craske and colleagues 
(Craske et al., 2014), while still founded on basic extinction learning princi-
ples may provide a model more in keeping with neural mechanisms of how 
fear extinction occurs and the realities of clinical experience (Weisman & 
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Rodebaugh, 2018). For example, top-down processing related to executive 
function of the medial pre-frontal cortex innervate and appear to inhibit the 
amygdala, an emotion center key to anxiety disorders (Milad et al., 2014). 
Evidence collected by Craske et al. (2008) indicate that initial fear activation 
and habituation within-session are not necessarily related to eventual out-
comes (McMillan & Lee, 2010). The reacquisition of fear that occurs some-
times months or even years after a patient was successfully treated suggest 
that the integrity of the fear structure remained intact (Vervliet et al., 2013). 
In the inhibitory learning model, fear structures are not erased but rather new 
competing learning is developed capable of inhibiting the fear structure. In 
addition to being a more parsimonious theory for explaining the effects of ex-
posure-based treatments than those proposed by earlier researchers (at least 
the classical model by Foa and Kozak, 1986), the theory also provides certain 
potentially fruitful predictions and strategies for improving the efficacy of 
treatments (Weisman & Rodebaugh, 2018).   

Clinical strategies  
 
 Inhibitory learning theory strategies for augmenting exposure therapy can 
be summarized as emphasizing: a) strategies for developing non-threat asso-
ciations, and b) the successful retrieval and accessibility of new learning. A 
recent review by Weisman and Rodebaugh (2018), summarized work in the 
area by identifying a variety of specific approaches for maximizing exposure 
therapy. According to the authors, the strategy with perhaps the strongest basis 
in theory and evidence is maximizing expectancy violations, and the authors 
suggest this can even be considering a guiding principle for improving expo-
sure therapies. One practical implementation of this is framing exposures in 
terms of behavioral tests (i.e., first identifying the patient’s pre-existing nega-
tive beliefs). Although, exposure alone appears to be effective (Norton & 
Price, 2007), the addition of the cognitive element prior to each exposure may 
improve outcomes (McMillan and Lee, 2010). Certain kinds of cognitive ther-
apy performed prior to exposure treatments should be minimized, however; 
these include efforts to lessen the probability of overestimation (i.e., cognitive 
restructuring), as this could reduce the mismatch of expectancy and actual out-
come (Craske et al., 2014). Less negative appraisals are a natural outcome of 
exposures in any case as suggested by a clinical handbook (Sewart & Craske, 
2020) and effort should instead be placed on cognitive restructuring during 
the post-exposure consolidation phase of treatment.  
 

Acquisition of new learning may be aided by limiting distraction during 
exposure tasks to improve awareness of the nonoccurrence of expectancy and 
increase salience of the excitatory stimuli. This could involve the removal of 
mobile phones, for example. A parallel concept to eliminating distraction 



 

 33 

would be increasing attentional focus (Sewart & Craske, 2020). Performing 
actions in direction violation of one’s natural fear tendency (fear antagonistic 
actions) is one means of increasing the salience of tasks, such as the example 
given by Weisman and Rodebaugh (2018) of an acrophobic patient running 
(not walking) towards a railing. Certain kinds of distraction can prove benefi-
cial to treatment outcomes, however (e.g., humorous chats with the therapist) 
by helping patients to see the phobic object from a new perspective (Ventis et 
al., 2001).  
 
 Second to maximizing mismatch with expectancy, another overarching 
strategy recommended by review authors is increasing the variability of expo-
sures. Unlike the previous strategy that aimed to develop non-threat associa-
tions, the benefits of exposure variability are geared toward improving re-
trieval of newly learned information. Sewart and Craske (2020) suggest that 
exposing phobia patients to multiple types of spiders, for example, or ran-
domly ordering the intensity of heights, may improve the capacity for new 
learning by enhancing attending to novel and unexpected stimuli, generating 
schema that can be applied across a range of fear provoking situations, and 
facilitating retrieval by increasing the number of stimuli cues stored in 
memory. Other methods of increasing variability include random spacing of 
exposure trials (as compared to massed schedules), and conducting exposures 
in multiple contexts (or even times of day), and in unfamiliar environments 
(e.g., with or without a therapist present). Weisman and Rodebaugh (2018) 
suggest that given the apparent success of these new strategies for improving 
outcomes, the traditional, slow graduated increase in fear intensity may be 
worth abandoning in exchange for more variability in exposures.  
 

Other related and potentially important strategies emphasized by Weisman 
and Rodebaugh (2018) include deepened extinction learning and affect label-
ling. Deepened extinction learning involves extinguishing individual aversive 
stimuli before incorporation in future trials with non-extinguished stimuli. In 
order for this to be successful, all stimuli should be predictive of a similar 
outcome. For example, extinguishing fear towards one type of spider can be 
performed prior to incorporating that same spider in a trial with a novel spider 
type. The benefits of this approach may involve the increased expectancy as-
sociated with multiple negative stimuli combined with subsequent violation 
(Sewart & Craske, 2020). Affect labelling (also called linguistic processing) 
involving verbalization of one’s moment-to-moment emotional experience ei-
ther in written or spoken form may be useful for enhancing inhibitory regula-
tion (perhaps via cortical inhibition of the amygdala). It remains uncertain, 
however, whether labelling emotional material or labelling any kind of ongo-
ing process is most effective, for example stating one’s fear when interacting 
with a snake versus verbalizing the texture of the snake’s skin being held in 
hand.  
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Efforts to eliminate safety signals and behaviors during treatment have 

been incorporated since the early days of exposure therapy (e.g., systematic 
desensitization; Wolpe & Plaud, 1997), and they continue to be important in 
inhibitory learning paradigms of treatment. They aim to reduce misattribution 
of safety to the safety indicator thereby strengthening behaviors used to avoid 
aversive stimuli and increase the salience of excitatory stimuli; these also en-
sure cognitive resources be devoted instead to disconfirming beliefs. Removal 
of safety signals could relate to particular individuals or reducing use of anti-
anxiety medications (Sewart & Craske, 2020). Some safety behaviors can be 
quite subtle, however, and it is unclear whether the availability of the safety 
indicator or its utilization is what interferes with learning (Powers et al., 2004). 
There are also potential advantages to the use of specific safety behaviors in 
terms of improving the tolerability of exposure therapy (Rachman et al., 
2008), however recent clinical guidelines suggest eliminating safety behaviors 
as soon as the client is willing (Sewart & Craske, 2020).  
 
 Other strategies reviewed by Weisman and Rodebaugh (2018) include 
those that rely on relatively complex memory-based mechanisms but that so 
far lack empirical evidence. These include occasionally reinforced extinction, 
in which an aversive outcome is paired with a feared stimulus only sometimes. 
Using this strategy, a patient would be less likely to predict when a negative 
outcome would occur (as opposed to seeing all outcomes as negative), and it 
may increase saliency and expectancy associated with the stimuli, thereby en-
hancing expectancy violations. A clinical handbook suggests the use of this 
method only in later phases of treatment and recognizes it may not always be 
ethical to implement, for example, in the case of exposure to a snake bite 
(Sewart and Craske 2020).  
 

Use of retrieval cues have had some positive laboratory success, by using 
cues from an early successful extinction context in a novel context, and there-
fore helping patients activate earlier memories of extinction but in a new en-
vironment. A retrieval cue could include use of a particular wristband, for ex-
ample. A more practical use of cues (particularly outside the laboratory) may 
include cognitive mental reinstatements. Unfortunately, evaluation of this ap-
proach may be limited by the difficulty of empirically manipulating a mental 
cue (Weisman & Rodebaugh, 2018). There is also the risk that cues acquire 
inhibitory value and become a safety signal; as a result, in general use of cues 
should be used sparingly and towards the end of treatment to prevent relapse 
(Sewart & Craske, 2020). Finally, strengthening reconsolidation of newly-
learned associations by introducing feared stimuli for short periods (10 to 30 
min) prior to normal exposure tasks has been proposed (referred to as capital-
izing on reconsolidation). This may be a method of enhancing the accessibility 
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of new information and strengthening its storage in long-term memory, how-
ever much effort would appear to be required to identify optimal presentation 
and timing of pre-exposures and clarifying the risks of reactivation serving 
instead as an ineffective exposure.  

Pharmaceutical and other cognitive enhancers  
 

Although not specific to inhibitory learning strategies, other theoretical par-
adigms may play a role in improving exposure therapy treatments. Cognitive 
enhancers such as D-cycloserine (DCS), a pharmaceutical and partial agonist 
of N-methyl-d-aspartate (NMDA) receptors located in the amygdala, has been 
shown to be involved in fear extinction in animal studies (Davis, Ressler, 
Rothbaum, & Richardson, 2006) and tested in human patients to augment ex-
posure therapy to positive effect (Mataix-Cols et al., 2017). Using orally ad-
ministered DCS (50 or 500mg), treatment benefits were found to predominate 
from pre- to post-treatment (d = 0.25), rather than pre- to follow-up (d = 0.19), 
and researchers have hypothesized that individual differences may explain 
some of the benefits, which will require further trials (Weisman & Rodebaugh, 
2018). Another cognitive-enhancer includes glucocorticoids (cortisol in hu-
mans), which research suggests functions by suppressing amygdala activity 
toward phobic stimuli to similar levels as compared to healthy controls, pos-
sibly by reducing aberrant inputs to the amygdala from non-visual cortex path-
ways (e.g., fusiform gyrus; Nakataki et al., 2017). Its efficacy at improving 
exposure therapy has been explored for fear of heights, finding that in those 
administered 20mg cortisol orally 1 h before treatment (as compared to pla-
cebo), treatment effects were significantly better at post-treatment and over 
follow-up (de Quervain et al., 2011). Participants also had lower in-session 
anxiety while performing exposures. A similar methodology was employed 
for those treated for fear of spiders, finding a similar beneficial result from 
cortisol treatment (Soravia et al., 2014).  

 
Another strategy may rely on combining exposure therapies with physical 

activity in order to help patients benefit from the neural plasticity, learning 
and positive memory effects of exercise (Powers, Medina, et al., 2015). This 
could be a particularly low-cost and easily disseminatable way to augment 
exposure therapy given its accessibility to many individuals (Powers, As-
mundson, et al., 2015). However, the optimal timing, type and intensity of 
exercise is as yet unknown. A recent study identified no improvement from 
pre-training during extinction learning in four studies of rats (in which exer-
cise was manipulated), or a subsequent study in which humans were pre-
scribed either 30 min of rest or 30 min of exercise prior to an exposure treat-
ment for fear of heights (Jacquart et al., 2017). The lack of benefit may be due 
to the superior benefits of memory consolidation when exercise is prescribed 
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after rather than before treatment, as some have suggested (Tanner et al., 
2018). Further clinical work in humans in regards to length, intensity and type 
of exercise will be necessary to confirm this (Weisman & Rodenbaugh, 2018).  

 
The importance of memory consolidation effects from sleep have been ex-

plored in conjunction with exposure therapy. Kleim et al., (2014) conducted a 
spider phobia exposure therapy treatment in which half of patients were ran-
domized to follow treatment with sleep and the other half to watch a neutral 
video (the control group). Following the single short exposure treatment of 45 
min duration, participants were given 90 min to sleep but on average slept 
approximately 50 min. Subjects were moved to the wake condition if they 
failed to sleep (n = 2) and vice-versa (n = 1). Whereas, there was similar ef-
fects at post-treatment in both groups on a range of variables such as behav-
ioral avoidance, and self-reported anxiety, at 1-week follow-up there were 
stronger improvements in self-reported anxiety and reduction of catastrophic 
fears in the sleep group compared to the control group.  

 
 Another novel theoretical construct relies on timing presentation of expo-
sure therapy stimuli in accordance with cardiovascular systole and diastole 
events (cardiac timing; Watson et al., 2019). The suggestion is that the brief 
afferent signals that occur during systole and diastole, and are based on baro-
receptors transmitting stretch and pressure information from the arteries, also 
provide cues to the brain regarding emotional states. Previous research on car-
diac systole afferent information suggests that these signals may enhance the 
processing and detection of phobic related fear and threat information. This 
theory was tested by high spider fearful participants randomized to groups in 
which exposure to computer images of spiders were timed to coincide with 
ventricular systole or diastole event as well as a random display group. At the 
end of treatment, participants in the systolic group had significantly lower fear 
of spider self-report as compared to those in the random or diastolic groups, 
and these effects were mediated by interoceptive accuracy (ability to detect 
one’s own heartbeat) on the part of participants. Those in whom exposure was 
timed with heartbeat (irrespective of condition) also had improved behavioral 
avoidance as compared to the random group. These results should still be con-
sidered preliminary, given a relatively small sample size, but nevertheless may 
provide a novel means by which exposure therapy could be enhanced in the 
future.   

Exposure therapies  
 

Today, two broad classes of exposure therapy are available for the treat-
ment of anxiety disorders, one involves direct exposure to the aversive stimuli 
by visual, touch or other sensory interaction (direct exposure), and the other 
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involves imagining the object or situation (imaginal exposure). A third-class 
called interoceptive exposure involves reproducing internal physical sensa-
tions such as choking in the patient (Boettcher et al., 2016), but this tends to 
be most useful for patients who fear the physical consequences of their so-
matic sensations (Boettcher & Barlow, 2019). Given the complexity of re-
creating traumatic memories, imaginal exposure has typically been conducted 
in those with post-traumatic stress disorder but also specific phobias toward 
more involved situations or stimuli such as phobia of accidents and choking 
(De Jongh et al., 1999). Variations on imaginal exposure such as those pio-
neered by Wolpe (i.e., systematic desensitization) include an appetitive rein-
forcer (training in progressive muscle relaxation) in order to suppress anxiety 
symptoms (Choy et al., 2007), but this tends not to be used in modern treat-
ments (Wolitzky-Taylor et al., 2008). Another variation called Eye Movement 
Desensitization and Reprocessing (EMDR) includes imaginal exposure plus 
therapist directed lateral eye movements toward an external stimulus such as 
therapist’s hand (Wolitzky-Taylor et al., 2008), however evidence although 
promising requires more high-quality studies to prove its efficacy (Cuijpers et 
al., 2020).  
 

Direct exposure may involve not only exposure to the real-life stimuli (in-
vivo exposure) but also exposure to digital or other recreations of the stimuli 
(video, photos or virtual reality) including observing others being treated (i.e., 
vicarious exposure). Direct exposures are typically conducted by gradually, 
systematically and continuously exposing a patient to increasing intensities of 
the phobic object or situation. In the treatment of BII phobias, applied tension 
can be useful to incorporate to reduce the risk of fainting (Choy et al., 2007). 
Like systematic desensitization that relies on imaginal exposures and includes 
an appetitive reinforcer, applied relaxation is sometimes used in conjunction 
with in-vivo exposures (Wolitsky-Taylor et al., 2008). Although the efficacy 
of both direct and imaginal exposure have been explored in the treatment of 
anxiety disorders, evidence suggests the improved efficacy of direct exposure 
for specific phobias (at least in the short-term; Wolitzky-Taylor et al., 2008) 
and although there is good evidence for imaginal exposures in symptom re-
duction, there is mixed evidence in regards to avoidance behavior (Choy et al. 
2007). Direct methods of exposure have therefore tended to be the treatment 
of choice. They’re also the method that benefits the most from inhibitory 
learning-based exposure strategies such as maximizing expectancy violations 
and increasing the variability of exposures, advances in technologies to facil-
itate exposures, and decades of effort to create manualized intervention that 
can be conducted in relatively few (or even one session) and with high repro-
ducibility and efficacy.    
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Dissemination problems of exposure therapies  
 

Despite the efficacy of direct exposure treatments and their continued re-
finement there have been problems with its dissemination. Lars-Göran Öst in 
discussing the development of a new exposure therapy treatment for specific 
phobia noted that it took 4 years for the first 20 patients to seek help for their 
disorder (Davis et al., 2012). For the most part data on the treatment seeking 
behavior and refusal of phobic patients is limited, however; reports from large 
epidemiological surveys in the United States suggest that only 8% of those 
with a specific phobia sought treatment specifically for their disorder (Stinson 
et al., 2007). Choy et al. (2007) reported a refusal of 13.6% for those offered 
treatment in one study (Emmelkamp et al., 2002) and Garcia-Palacios et al. 
(2001) reported that 27% of students with high fear of spiders if offered in-
vivo treatment would be unwilling to receive it. Despite limited data, there is 
nevertheless good reason to believe that patients are highly resistant to seeking 
and receiving exposure therapy. The symptoms related to specific phobias, 
unlike many anxiety disorders, can be effectively countered by avoidance be-
haviors, and in certain climates (such as Sweden) phobic stimuli such as spi-
ders are seasonal and therefore most problematic only during certain limited 
times of the year.  
 
 There is evidence also of therapist factors in the limited accessibility of 
these evidence-based treatments. Practical challenges can include maintaining 
a ready supply of diverse stimuli, particularly live animals and insects. Treat-
ments may need to be conducted for longer than the traditional psychotherapy 
session length of 45 min (often 2-3 h) and insurance companies many not be 
willing to pay (Reuterskiöld & Öst, 2012). Conducting exposure treatments in 
real-world naturalistic settings can be beneficial for clients but complicated in 
regards to therapist insurance for working outside the clinic, maintaining cli-
ent confidentiality, and risking boundary crossings in the therapist-client rela-
tionship (Olatunji, Deacon, & Abramowitz, 2009). A larger and more compli-
cated issue to address is that therapists themselves may have negative views 
about providing the treatment (Olatunji et al., 2009). This can include con-
cerns that it evokes fear rather than soothes it, with potential physical or emo-
tional risk to the client, or at the very least that it may exacerbate symptoms. 
Exposure treatments are frequently accompanied by high levels of physiolog-
ical and emotional response in the patient, and some therapists may fear vi-
carious traumatization, patient dropouts, or worse malpractice litigation. Even 
when exposure therapy is conducted it may be done incompetently, without 
sufficient intensity levels or duration to achieve habituation, or therapists may 
continue to allow ready use of safety behaviors.  
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For these reasons, exposure therapy is underutilized by therapists in the US 
and Europe, used about as frequently as dream analysis and art therapy, and 
by only about 19 to 33% of CBT practitioners (as summarized in Reid et al., 
2017). There is evidence, however, that therapist didactic training can reduce 
therapist negative perceptions. A full-day training of community therapists on 
the theory and practice of exposure therapy, for example, included a 50% re-
duction in therapist reservations about conducting the treatment (Deacon et 
al., 2013). Olatunji et al., (2009) suggests that there is little data to support 
many therapist concerns, and provides multiple recommendations on how eth-
ical risk can be minimized. Alternatively, if treatments for specific phobia 
were available that were as effective as exposure therapy but did not require 
direct contact with the phobic object or situation, than perhaps these treat-
ments could be offered in their place, unfortunately the evidence for good al-
ternatives appear to be lacking.  

Alternatives to exposure therapies  
 
There is some evidence that cognitive-only approaches to the treatment of 

specific phobias may be efficacious, even as compared to in-vivo exposure 
therapy (Choy et al., 2007). The evidence is mixed, however, over follow-up. 
Cognitive-only treatments are typically conducted with cognitive restructur-
ing, using logical empiricism, for example, to reduce the overestimation of 
threat in phobic patients. This may be helpful in the short-term, however ac-
cording to inhibitory learning theory, minimization of expectancy violation 
may actually be deleterious to treatment goals as discussed earlier (Weisman 
and Rodenbaugh, 2018). There is also the possibility that the benefits of cog-
nitive-only treatments are not as a result of the treatment itself. One study by 
Szymanski and O’Donohue (1995b) found no significant difference between 
cognitive-restructuring and a placebo treatment (i.e., lecture on facts about 
spiders), with one meta-analysis suggesting the benefits of cognitive-only 
treatments may be non-specific factors alone (Wolitzky-Taylor et al., 2008).  

 
One study treating patients with either supportive therapy (plus tricyclic 

antidepressant) or systematic desensitization (with or without tricyclics) over 
26 weeks with a mix of specific phobia and other phobias (e.g., panic attack), 
identified no benefit of treatment type (Lipsitz et al., 1999). According to au-
thors, results indicated good efficacy for supportive therapy and not because 
outcomes were poor using the behavioral approach. Over long-term follow-
up (10-16 years post-treatment), however; nearly half of all patients reported 
clinically significant symptoms in the intervening period (45%). Although 
sample size was limited with just over one-third reporting (35%), there was a 
small non-significant advantage for the behavioral group (p = .12).  
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It should be noted that the efficacy of placebo treatments such as “pulsed 
audio/photic stimulation” and the use of subliminal messages intended to pro-
voke fear, are moderate as compared to wait-list control, at least at post-treat-
ment (d = 0.57, p < .01; Wolitzky-Taylor et al., 2008). This indicates the min-
imum efficacy which should be obtained in an alternative active treatment. In 
general, the efficacy of non-exposure treatments is relatively high, with large 
effect sizes overall (d = 0.98, p < .001) in six studies comparing non-exposure 
treatments to a wait-list condition, but as compared to exposure treatments 
across 10 studies, non-exposure treatments did not lead to as great improve-
ment (Wolitzky-Taylor et al., 2008). At post-treatment exposure treatments 
had a moderate advantage over non-exposure treatments (d = 0.44) and at fol-
low-up a slightly smaller advantage (d = 0.35).  

 
Pharmacological agents are commonly prescribed as a first-line treatment 

for a range of anxiety disorders (e.g., antidepressants; Craske & Stein, 2016), 
but have shown limited efficacy in the treatment of specific phobias. Benzo-
diazepines have shown utility as a short-term acute treatment, such as for a 
dental appointments or on a flight, but fear returns if the drug is not used on 
subsequent occasions (Choy et al., 2007), and there are a range of negative 
health effects from long-term use of the drug making its prescription problem-
atic (Craske & Stein, 2016). There is evidence that nitrous oxide can be useful 
as a general anesthesia during dental appointments but it is not as effective 
when compared to behavioral treatments (Choy et al. 2007).  

Efforts to improve exposure therapies  
 

Given the advantage of exposure therapy over alternatives, effort has been 
made to develop exposure-based interventions that don’t require as intensive 
or as lengthy therapist contact (or even none at all) and can therefore be more 
cost-effective and easily disseminated. In the 1970s exposure therapies were 
conducted by behavior therapists for specific phobias like treatments devised 
by psychodynamic therapists, typically of 1 h duration over a period of 8 or 
more weeks (Davis et al., 2012). This began to change, however with Öst’s 
development of One-Session Treatment (OST). As the name suggests, this 
treatment uses a single massed session of 2 to 3 h duration, and incorporates 
graded, prolonged in-vivo exposure, participant modelling, reinforced prac-
tice, and a cognitive-element consisting of behavioral experiments to focus 
the treatment tasks and eliminate catastrophic cognitions. The first clinical 
trial was published in 1989, consisted of 20 patients treated for an average of 
2.1 h, and with excellent results (Öst, 1989). At the follow-up period approx-
imately four years after treatment, still 90% of patients were much improved 
or completely recovered. A review of the literature for this short-term treat-
ment of specific phobias published just less than 20 years later identified 21 
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separate studies making direct reference to Öst’s treatment procedures 
(Zlomke & Davis, 2008). The treatment was found to be efficacious for a 
range of specific phobia types in adults, such as fear of spiders, injectables, 
flying, small animals and claustrophobia, with an average effect sizes reduc-
tion in self-reported fear of Cohen’s d = 1.98 (in the range of 0.91 to 3.05).  

 
Use of treatment manuals to conduct self-exposures were then attempted to 

reduce therapist time and involvement in treating specific phobias and thereby 
improve dissemination (Öst et al., 1991). Manualized self-exposures had been 
used effectively for assisting patients to conduct exposure therapy in the past 
but mostly for agoraphobia. In testing this approach, Öst et al., (1991) partic-
ipants with spider phobia were provided 30-page manuals composed of treat-
ment procedures (similar to therapist-directed OST) and instructed to schedule 
at least two 2 h sessions during a 2-week period in which self-exposures would 
occur. Patients were asked to call on the assistance of friends or family (or the 
clinician if needed) in order to gather a number of spiders in glass jars for their 
treatment. A follow-up to this study also with spider phobic patients (Hell-
ström & Öst, 1995), used either the spider phobia specific-manual used in the 
earlier study or a more general manual (not spider specific) of 23-pages in-
cluding questions for patients and descriptions for how to conduct self-expo-
sures (Marks, 1978). Self-exposures were performed either at home, similar 
to the previous study, or in a clinic but without the help of a therapist. In both 
studies, the manual-based treatments were compared to a single session of 
therapist facilitated OST.  

 
In the first study at post-treatment, evidence for the efficacy of OST was 

notable, with clinically significant change found in 71% of those completing 
the therapist-led treatment. In comparison, only 6% in the self-exposure group 
met the same criteria. It should be noted that stringent cut-off scores were re-
quired on three criteria to qualify for clinically significant change, including 
self-reported fear, a clinician rating of patient anxiety levels, and completing 
full scores on the behavioral approach test (12-points) concluding with a spi-
der crawling on a patient’s hand for 20sec. In the second study, using the same 
criteria, the authors found that the therapist-delivered treatment was superior 
to self-administered treatments, as expected, but the clinic-based manual con-
dition using a spider-specific handbook was also quite effective. At post and 
follow-up, 80% of participants met clinically significant criteria in the former 
group and 36% at post in the later, but rising to 63% after 1-year follow-up. 
Only between 9 and 10% of those conducting one of two self-administered 
treatments at home reached clinically significant improvement at follow-up, 
however. One of the challenges with self-exposures, as identified in the first 
study, was that despite organized arrangements with the therapist, participants 
delayed conducting the self-exposures as long as possible and may therefore 
have not have absorbed their training sufficiently. The use of a clinic-based 
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self-exposure appeared to improve treatment outcomes, at least in the case of 
the spider-specific handbook, but the general handbook even in the clinic set-
ting returned only 10% of participants meeting clinically significant change.  

 
Group treatment formats were next attempted as a method to reduce thera-

pist time, with the first study working with spider phobic patients during a 
single session in either small groups of 3 to 4 patients or large groups of 7 to 
8 patients (Öst, 1996). Participants worked with the assistance of a single ther-
apist by directly interacting with four spiders of increasing size. Prior group 
treatments for specific phobia had been completed previously but primarily 
with dental phobic patients and to a lesser extent acrophobic and fear of flying 
patients. Results according to clinically significant change identified positive 
outcomes for both the small and large groups at post-treatment (82 and 70%, 
respectively) as well as over 1-year follow-up (95 and 75%, respectively). A 
second group-based study (Öst, Ferebee, & Furmark, 1997) made an effort to 
reduce therapist involvement even further by using only large groups of 8 par-
ticipants and randomizing them to either a direct interaction group (similar to 
the previous study), an observation group where one individual receives treat-
ment while the others watch (but don’t interact with spiders), or watching a 
videotape of a direct observation session in a clinic without the presence of a 
therapist (but who returned following the treatment to answer questions). The 
videotape group was referred to as an indirect observation group. Direct group 
treatment was the method of choice with as many as 75% of participants at 
post-treatment in that condition reaching clinically significant improvement. 
Lesser benefits were found for both observation groups, with 7% direct obser-
vation and 31% indirect observation participants meeting clinically significant 
change at post-treatment and 14 and 44% at follow-up over one year, respec-
tively. The authors noted a problem reported by participants in the direct ob-
servation group in that physiological and emotional activation occurred quite 
strongly during the session, however the participant did not have an oppor-
tunity to habituate before the session moved onto a more challenging stage of 
treatment. This is made it difficult for the participant to pay attention and learn 
from what was occurring during the treatment 

 
A further study used a stepped-care model to move participants to more 

psychologist demanding treatments in the event that they did not meet clini-
cally significant change in an earlier therapy (Öst et al., 1998). Participants 
were initially given a self-help manual specific to spider phobia for use at 
home, followed by video tape of 120 min duration for watching at home, a 
group-treatment format with 8 patients, or individual one-on-one treatment 
with a therapist. A total of 27% of participants met clinically significant 
change conditions following the first treatment type, followed by 10% in the 
video condition, 68% in the group treatment, and 100% in the individual treat-
ment condition. Lower clinically significant change percentages were found 
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in the video condition in this study compared to the previous study, however 
earlier participants sat in a clinic with 8 other patients, whereas in this study 
patients viewed the videos at home. The authors report that the videotape con-
dition could also be improved by using more professionally developed vide-
otapes, combining them with better pedagogical instruction, and the videotape 
condition could also best be combined with a self-exposure manual. It is worth 
noting that an initially large number of patients dropped out of the manual 
treatment phase of this study (n = 38) with the most frequently cited rationale 
being their need for a therapist during the treatment, or their inability to find 
spiders to conduct exposures with.  

 
The Öst et al. (1997) and Öst et al., (1998) studies incorporating videotapes 

were some of the first uses of a technological solution for lowering the cost 
and improving access to evidence-based exposure therapy treatments. Since 
then multiple other technological solutions have been evaluated: from using 
computers to conduct internet-based cognitive behavioral therapy (ICBT), in-
corporating text-modules and online videos of modelled exposure sessions 
(Andersson et al., 2009a), to viewing short clips of action hero Spiderman 
videos (Hoffman, Pitcho-Prelorentzos, Ring, & Ben-Ezra, 2019). One of the 
most promising technological treatments, however uses virtual reality (VR) to 
conduct exposure therapy by simulating three-dimensional environments, 
stimuli and even virtual embodied therapists, and enabling patients to interact 
with the stimuli without having to face the real-life object or situation (Free-
man et al., 2017). Given the recent development of modern consumer-availa-
ble VR and easily accessible downloadable software, the use of VR may be-
come as common as playing a videotape was in the 1990s, enabling wide-
spread access to direct exposure therapy treatments.   

 
In summary, exposure therapy using systematic and repeated exposure to 

anxiety provoking stimuli and situations is a powerful means of reducing fear, 
and research continues to better understand its underlying mechanism and op-
timize how it is conducted. Cognitive enhancers such as pharmaceuticals, 
physical activity, and use of sleep following treatment, have been incorporated 
into exposure therapies to improve clinical results but more research is re-
quired to validate their efficacy. Today two broad classes of exposure therapy 
exist, those that favor imaginal exposure and those that favor direct exposure. 
There have been problems with dissemination of exposure therapy ap-
proaches, however; and despite the development of highly efficacious one-
session treatment (OST) which can be conducted in a single session, effort 
continues to be made to deliver the benefits of exposure therapy as widely as 
possible.  
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Virtual Reality 

The first surviving image to have ever been made was taken in 1826 or 
1827 on a pewter plate covered in tarlike light-sensitive material called bitu-
men of Judea (Barger & White, 2000). The image is of a view from the upper 
window of the inventor Nicéphore Niépce’s workroom overlooking a garden 
on his estate in Burgundy, France. Less than 200 years later, image making 
devices are ubiquitous, carried around nearly constantly by the billions of in-
dividuals who own a smartphone (Statistica, 2019), and the number of cam-
eras is expected to reach 45 billion by 2022 (LDV capital, 2017). For those 
who view and take images, it is clear that the pictures are capable of not just 
documenting events and moments in time, but transmitting emotion and feel-
ing. The development of the capacity to record an image may have been made 
as history suggests as a result of a few able inventors seeking French govern-
ment financial prizes (Société d’Encouragement des Arts et Métiers) for im-
provement to an early printing method (lithography), however it has become 
a means by which joy and happiness, fear and terror, and every emotion in 
between can be transmitted across time and place. So too is this true of the 
most recent technological advance in imagery. And unlike the rectangular pic-
ture produced by cameras now commonplace on everything from smartphone 
to cinema screens, VR promises to not just allow us to view an image from 
the outside but step into and interact with the world within it. The full extent 
of what this technology means for providing psychological treatments and ex-
posure therapy specifically are as yet unknown, but the benefits are increas-
ingly on a sound scientific footing. 

Historical overview 
 

VR had a humble beginning in the 1960s, based on ideas developed within 
the aerospace industry. According to Ivan Sutherland, referred to as the “god-
father of virtual reality” (SIGGRAPH, 2018), Bell Helicopters was experi-
menting with placing infrared cameras on the bottom of helicopters synced 
with pilot head movement and intended to transmit visual information during 
nighttime landings in narrow clearings. During testing however, researchers 
identified an unexpected property of the system: a ball thrown towards a cam-
era on the roof would cause the viewer sitting in their office to duck. The 
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viewer experienced themselves at the camera rather than at their desk. Suth-
erland and students went on to develop the 1968 Sword of Damocles system 
at Harvard and University of Utah, which instead of a camera substituted the 
visual information people were viewing as computer graphics (Sutherland, 
1968). This is largely understood to have been the first 3D VR head mounted 
display (HMD) ever created (Scarfe & Glennerster, 2019). The system con-
sisted of individual 40-degree field of view head-mounted cathode ray tubes 
for displaying graphics (refreshing at 30 Hz), hung from the ceiling by a tele-
scoping mechanical arm (thus the name of the system), shaft encoders and 
ultrasonic sensors for measuring motion, and the users head fastened securely 
to the device with straps. Those experiencing VR were able to move with 6-
degrees of freedom (i.e., rotational and movement on x, y and z axis) and able 
to view wireframe objects from any angle in a 6ft x 6ft x 3ft volume of space.  

 
Following development of the 1968 3D HMD, the technology continued to 

be refined in specialist laboratories and research institutions in the 1970s in-
cluding a system at the University of North Carolina which enabled force-
feedback touch, and in the 1980s the first US Air Force flight simulator called 
the Visually Coupled Airborne System Simulator that allowed pilots to prac-
tice flying missions (Cipresso et al., 2018). It wasn’t until the mid to late 
1980s, however, that commercial companies began selling VR hardware and 
software. These included VPL Research which was the first VR startup to sell 
an HMD (the EyePhone in 1988). According to Jaron Lanier the founder of 
the company, who is considered today the “father of virtual reality,” given the 
limited computer processing power of the time, development of their VR sys-
tem started first with touch (the DataGlove first sold in 1985). This device 
enabling users to move their hands within a 2D virtual world, and was fol-
lowed by research into 3D audio (enabling spatial orientation of sound), and 
only sometime later vision (Lanier, 2017).  

  
The HMD and input technologies of the era were limited, but still allowed 

users to visualize complex virtual objects (e.g., inside a hydroelectric dam), 
manipulate these objects with their hands (e.g., organic molecules), and allow 
architectural companies to show homes, gaming companies to publish games, 
and even multiple people to be in VR together and interact. The VR technol-
ogy of that generation, however; even in the most advanced systems allowed 
just 12-15 frames per second refresh rates (versus the 60 to 90 expected today), 
had poor resolution screens, and primitive graphics (Silverman, 1992). As a 
point of reference, it was in 1993 that the familiar (but now obsolete) original 
Intel Pentium CPU became available (running at 60-67 Mhz; Computerhis-
tory.org, 2019). VR technology was also extremely expensive. Mel Slater, a 
researcher using VR devices to conduct psychological research since the early 
1990s reported that a system of that generation could cost more than $100 000, 
with half being computer hardware alone (Slater, 2018). Even the VR system 
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purchased for his lab he reports, shortly before the Oculus Rift was released 
in 2016 cost $35 000, plus an additional $15 000 for the head tracking setup. 
Since then the cost of modern VR hardware, which initially was around $650 
with the Oculus Rift has continued to drop, as of course has the price of the 
computers needed to run them.  

 
Today, the most recent devices available are fully-contained systems re-

quiring no additional computer to purchase. They cost as little as $200 for 
systems that track head rotation (3-degrees of tracking; e.g., Oculus Go), with 
controls provided by a small hand-held device that function like a laser 
pointer. For more advanced systems (e.g., Oculus Quest) they cost approxi-
mately $400, but also track movement in x, y and z directions (6-degrees of 
freedom), and include hand controllers for grasping and interacting with ob-
jects in VR. These are not much different in capability than the recent Oculus 
Rift systems requiring a physical computer except for reduced graphics capac-
ity. The ability to deliver treatments at home or a community health centers at 
a reasonable cost, but with technology superior to those only recently availa-
ble at advanced university facilities has now become possible (Lindner et al., 
2017; Slater, 2018).  

Theory and technology 
 
To VR pioneers such as Jaron Lanier who coined the term, the ultimate 

expression of a VR device would be to offer sufficient stimulus generators and 
actuators for every part of the body that has a sensor, visual displays for the 
eyes, scent producer for the nose, speaker for the ears and so on, that a person 
could experience anything (Lanier, 2017). While the senses like touch and 
sound may be important enhancement to VR simulations, vision is considered 
critical (Scarfe & Glennerster, 2019). We may listen all day to music or other 
sounds while wearing noise-cancelling headphones, but we don’t necessarily 
feel we have been immersed into another world.  

 
The way our human visual system perceives the world created by a 3D 

HMD is not dissimilar from how it perceives the real world. A single-eye 
viewing real or computer-generated scenes gathers rich visual cues from both, 
such as heights, texture gradients, perspectives, and shading (Scarfe and Glen-
nester, 2019). Knowledge of the statistical structure of the world, such as as-
suming light comes from above reduces uncertainty about what an individual 
is viewing and provides interpretations of how patterns of shading are related 
to a 3D structure. Although the world outside is made up of three-dimensions, 
the human visual system captures information in two-dimensions, and uses 
other attributes such as binocular disparity (the horizontal separation from 
each eye) to generate depth from the resulting offset images one eye from the 
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other. Similarly, the visual display provided by modern headsets provides a 
two-dimensional rendered scene but with correct perspective for each eye, and 
is reconstructed by our visual system as a three-dimensional space (Freeman 
et al., 2017). 

 
Visual information alone is not sufficient to provide the cues necessary to 

build up a three-dimensional space, however (even when viewing the real 
world). Motion parallax or the difference in viewpoint cause by movement, is 
considered a cue more important than binocular disparity for VR applications 
(Scarfe and Glennerster, 2019). Movement information is collected in a 3D 
HMD using inertial sensors and compasses on the headset for the first 3-de-
grees of tracking (pitch, roll and yaw) and magnetic fields, lasers, ultrasonic 
sensors or cameras at each corner for the second 3-degrees of tracking (the 
additional x, y and z coordinates). To be useful, this movement information 
must be updated in real-time (Scarfe & Glennerster, 2019) and some consider 
accurate tracking even more important to a good experience than the quality 
of visuals (Lanier, 2017). When the users head moves right, the scene must 
move left to compensate. Other cues useful for understanding the dimensions 
of a scene include occlusion (objects hidden by another object) and optical 
blur (minimization of blur at the fixated part of the scene relative to the edge). 
The ability to capture movement related information in VR is one of the most 
important differences between VR and a 3D television, for example. Together 
these elements give the impression of a world outside of you, stationary and 
independent (Lanier, 2017). 
 

This feeling of being in another world has been referred to as “presence” 
(Slater, 2009). Some differentiate the presence of being in the illusion (place 
illusion; PI) from the experience that events are really happening (plausibility 
illusion; Psi). Mel Slater, the researcher referred to previously and a professor 
at the University of Barcelona and University College London, has been pub-
lishing research on VR and its relevance to social and clinical psychology for 
nearly 30 years. He suggests that the first requirement for presence to occur is 
that sufficient sensorimotor actions are available from the real world in the 
hardware of the VR system. This is referred to as the immersion of the system. 
A system that has head-tracking will always offer a superior experience of 
immersion than a system without head-tracking, as will a system that enables 
interaction between the user’s hand and the virtual environment, or one that 
provides a more accurate and richer view of the virtual world (e.g., higher 
resolution or wider field of view screen) from one that is more impoverished. 
Unlike presence, which is referred to as qualia and cannot be measured di-
rectly, immersion is an objective measure of the system (Slater, 2018).  
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A person experiencing a system with relatively poor immersion may still 
experience presence but according to Slater (2009) this is a fundamentally dif-
ferent experience than the presence experienced by someone in a high immer-
sion system. That is, in the low immersion system, the inability to conduct an 
action in VR as one would in real life requires “creative mental processing” 
to fill in the gaps experienced by the breaking of immersion (Slater, 2009; p. 
3556). Possible modes of gap filling could be heightened emotion and arousal, 
or top-down conceptual information about the nature of the environment and 
the stimuli which Diemer, Alpers, Peperkorn, Shiban, and Mahlberger (2015) 
differentiate from bottom-up perceptual-only processes. Also, the virtual 
worlds responsiveness may play a role in maintaining presence. Jaron Lanier 
refers to this responsiveness as a sensorimotor loop, which provides expecta-
tions of what the next moment of reality will be like:  

 
“the body and the brain are constantly probing and testing reality. Reality 
is what pushes back. From the brain’s point of view, reality is the expecta-
tion of what the next moment will be like… once, the nervous system has 
been given enough cues to treat the virtual world as the world on which to 
base expectations, VR can start to feel real, realer than it ought to… the 
nervous system is holistic, so it chooses one external world at a time to 
believe in.” (Lanier, 2017, p. 50-52) 
 
While the experience of presence may never to be measured directly (un-

like immersion), if an individual does experience that events are really hap-
pening and that they are actually in the illusion, than an individual will “re-
spond-as-if-real” (referred to as RAIR; Slater, 2009). This is not so much a 
“belief” as Slater (2018) suggests in a recent commentary, but the actual de-
gree to which individuals respond realistically to the virtual environment 
(Slater 2009). As a user approaches a cliff in VR, they don’t forget that they 
are in a virtual world (it remains an illusion), but their cognitive system is 
slower to catch up than their reactions. They will respond as if the event was 
really happening to them. 

Early specific phobia treatments 
 
While VR fell out of the public’s attention in the 1990s and was rumored 

to be “dead,” the technology of that generation continued to be useful for con-
ducting research on a range of topics, from testing car ergonomics and design 
in simulations (Lanier, 2017), to uses in the medical sciences and as will be 
discussed shortly psychotherapy (Slater & Sanchez-Vives, 2016). An early 
book on VR in medical care by Weghorst, Sieburg and Morgan (1996) called 
Medicine Meets Virtual Reality: Health care in the information age included 
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chapters on research themes as varied as using VR to simulate surgery on an-
eurisms, aid needle biopsies of the breast, diagnose and treat sensorimotor dis-
turbances, view 3D ultrasounds and provide interactive orthodontic care.  

 
Applications for psychotherapy in the 1990s and early 2000s, despite the 

expense of computer systems of that generation, had a range of uses that were 
worth exploring even then. For one, exposure to VR stimuli unlike the real 
world can never truly harm an individual, and it was therefore deemed safer 
and less threatening, as reported in an early systematic review (Glantz et al., 
1996). It was suggested, therefore that this could improve the acceptability of 
treatments as compared to an in-vivo exposure (Garcia-Palacios, Botella, 
Hoffman, & Fabregat, 2007). Computers are also highly flexible and program-
mable, and therefore theoretically adaptable to the needs of almost any patient 
(Glantz et al., 1996). Unlike imaginal exposures, a therapist could view the 
same environments that a patient was experiencing. They could also exert high 
control over the stimulus, adjusting the level of fear inducement (more or less 
realistic), as well as its range of behavior (Carlin et al., 1997). Researchers 
during that era discussed creating virtual situations that were more fear induc-
ing than real situations (enabling “overlearning”; Botella et al., 1998). Even 
during this period of expensive HMD hardware and computers, VR could pro-
vide exposure scenarios more inexpensively than conducting them in the real-
world, for example for treating fear of flying (Rothbaum, Hodges, Watson, 
Kessler, & Opdyke, 1996). Instead of having a patient conduct multiple in-
vivo flights and paying for their own and quite likely a psychotherapist’s 
ticket, such exposures could be conducted with many repetitions for no more 
than the cost of a therapist’s time.  

 
The first randomized controlled treatment for a psychological disorder us-

ing VR was conducted in the city of Atlanta, Georgia by Barbara Rothbaum 
and her group for fear of heights (Rothbaum et al., 1995a). Prior to this, a pilot 
test was published by the group that included promising initial evidence for 
the utility of VR with patients (Hodges et al., 1994). The authors reported pa-
tient symptoms consistent with actually travelling to a great height such as 
“the higher I get, the more worried I get,”, “I was terrified,” or “I’ve got to get 
off this bridge” (Hodges et al., 1994, p.g. 6). The authors also reported that 
participants avoided looking down, that VR bridges with gaps in the flooring 
induced more fear than bridges with solid floors, and this is despite the partic-
ipant never having left a platform just four inches off the ground and the very 
limited graphics and processing speed of the time. In terms of performance 
characteristics, the authors reported that the “bottom line” performance goal 
they had was just ten frames per second refresh rates and this using mono-
scopic images with no binocular disparity. Other environments included an 
open elevator on a 49th story hotel, balconies and wooden platforms over can-
yons with rivers up to 80m below. Footbridges were visible at lower levels to 
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increase the sense of height. Novel still by today’s standards, the virtual envi-
ronments included virtual walkways with railings mapped to physical walk-
ways and railings. The use of a tracker was accessible to the patient’s right 
hand, and followed its movements, appearing as a virtual hand to control ele-
vators buttons. These experiences by a few pilot testers appeared to confirm 
the value of using graded virtual reality exposure therapy (VRET) as a treat-
ment for fear of heights.  

 
A case study of one 19-year old participant’s experience using the VR ap-

plication was then published by the group alongside preliminary results data 
(Rothbaum et al., 1995b). This individual met diagnostic criteria for fear of 
heights, and in addition to self-reported fear measures, the study included a 
behavioral approach test in a glass elevator rising within a 147-metre inner 
hotel atrium at the Marriot Marquis Convention Hotel (an iconic building in 
Atlanta). The individual received multiple 35 - 45 min sessions (twice per 
week) for a total of 5 sessions. In the sessions, it was possible for the therapist 
running the treatment session to view what the patient was seeing. They were 
able to encourage the patient to get closer to the edge, let go of railings, and 
perform many of the other clinical skills common to an in-vivo exposure treat-
ment. Raw scores on an acrophobia questionnaire indicated that self-reported 
anxiety and avoidance reduced from 66 to 36 from pre to post, and subjective 
units of distress (SUDS) reduced from 65 to 10 when at the 40th floor in a glass 
in-vivo elevator. The authors noted that there may have been some confound-
ing on the initial pre-treatment behavioral avoidance task (BAT), however; 
given an express elevator was used initially, rising more quickly and to a 
greater height than they would have preferred. 

 
 That same year the American Journal of Psychiatry published the first 

VRET randomized-controlled trial (RCT), totaling 20 participants (Rothbaum 
et al., 1995a). In this trial, 12 participants who were students (not treatment 
seeking patients) were treated for a total of 7 weekly sessions on each of the 
graded virtual exposures, and another 8 participants completed a wait-list con-
dition. The authors reported significant decreases in the VRET group from 
pre- to post-treatment, but not in the wait-list group. Data was also provided 
from another study which conducted a fear of heights treatments using sys-
tematic desensitization (Cohen, 1977). The studies had comparable self-report 
and avoidance data at baseline, and yet scores improved by 37.3 and 13.3 in 
the VR study, respectively, and by just 26.6 and 6.7 in the older exposure 
therapy study. These initial studies provided further indications of the poten-
tial of VRET for treating anxiety disorders and particularly specific phobias.  

 
Following this series of ground-breaking studies on fear of heights, the field 

of VRET treatments began to proliferate, with a fear of flying case report 
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(Rothbaum et al., 1996), and a controlled agoraphobia treatment with 60 par-
ticipants (North et al., 1995). The Rothbaum study included exposure to audio 
and visual material consistent with flying in an airplane, such as sitting on a 
plane (engines off), takeoffs (rough and smooth), landings (as well as missed 
landings), and weather such as rainstorms, thunder and calm weather (as well 
as turbulence). The North treatment included balconies of different heights, 
an empty room (no windows), a dark barn (including a black cat), covered 
bridges, rope bridges (similar to the previous canyon bridges), and sitting in a 
floating balloon. In both studies, self-report symptoms were reported to be 
significantly reduced following treatment, and in the case of the fear of flying 
study by Rothbaum and colleagues, the authors reported a complete cross-
country roundtrip flight by the lone participant with minimal anxiety. In addi-
tion to work completed in Georgia, in the following years researchers in other 
parts of the world began conducting psychotherapy research using VR, such 
as for fear of driving (Andrew Berger in New York), for eating disorders using 
VR to reduce body dissatisfaction (Giuseppe Riva in Italy; Glantz et al., 1996), 
and for treating claustrophobia (Cristina Botella in Spain; Botella et al., 1998). 
These were the first research reports on therapies incorporating VR for the 
treatment of psychological disorders.   

Treatments for spider phobia  
 
Treatments for fear of spiders have been particularly emphasized in VRET 

research, and after fear of heights, agoraphobia, and fear of flying were one of 
the earliest treatments performed successfully with the then new technology. 
The first treatment for spider phobia was published in the form of a case study 
by Hunter Hoffman and colleagues at the University of Washington (Carlin et 
al., 1997). In this study, a 37-year old patient with an incapacitating fear of 
spiders had approached the authors for help after having seen a documentary 
about the Rothbaum research groups work with fear of heights (see HITLab, 
n.d.). Treatment was conducted over 12 sessions, once weekly, for a period of 
three months with the patient. After the second month, the researchers were 
successful in linking animations in VR to the patient’s hand and a physical 
furry spider toy, a technology they referred to as tactile augmentation. When 
the patient reached out to touch the virtual spider, her hand made physical 
contact with the toy. According to the authors, SUDS scores stayed high for 
the patient during most sessions. Compared to a group of 280 undergraduate 
students tested for fear of spiders, just one student had a higher or equal fear 
of spiders at the start of treatment but at the end of treatment 29% of students 
(i.e., 80) had an equal or higher fear. Symptoms continued to reduce following 
treatment, and according to the authors the patient began to conduct in-vivo 
exposures that were self-initiated, indicating a generalization of VR exposures 
to the real-world.  
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 The first controlled study was then performed using 23 individuals meeting 
diagnostic criteria randomized to treatment or a wait-list control (Garcia-Pa-
lacios et al., 2002). This trial and all future RCT using VRET for treating spi-
der phobia are presented below (see Table 1). In addition to self-reported fear, 
outcome measures included a behavioral avoidance task using a tarantula. 
Over an average of four (1 h) sessions, participants were exposed to virtual 
spider stimuli, first by navigating towards the virtual spider, then touching the 
spider with their virtual hand, and in the last sessions touching the virtual spi-
der using tactile augmentation. Treatment was considered complete only after 
the tactile augmentation session while holding a virtual spider with little to no 
anxiety. According to the authors, 83% percent of patients treated achieved 
clinically significant outcomes (plus or minus 2 SD) on all main outcomes 
including improvements on the BAT, self-reported fear, and an 8-point clini-
cian rated phobic severity scale. The wait-list control condition was un-
changed at post-treatment and no patients dropped out. One of the strengths 
of this study (similar to Rothbaum et al. 1995a) was the use of a behavioral 
approach test, however, patients were not followed up after treatment (post-
assessment only) and a relatively small sample size was used.  
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Given the perceived increases in SUDS as a result of tactile augmentation, 

enabling participants in the VR condition to feel physical texture and force 
feedback when interacting with a virtual spider, a new study tested out the 
hypothesis that this would offer increases in treatment efficacy relative to VR 
with no tactile cues (Hoffman, Garcia-Palacios, Carlin, Furness, & Botella-
Arbona, 2003). A total of 28 non-clinically spider phobic students (plus an 
additional 8 meeting criteria) were randomized to either of these two condi-
tions as well as a wait-list control group, with those in the VR conditions re-
ceiving a total of 3 one-hour VRET sessions. Similar to the previous random-
ized-controlled trial, tactile augmentation only occurred in the last treatment 
session, with the earlier sessions restricted to getting close to the virtual spider 
or picking up a virtual bucket with a spider inside using a virtual hand (con-
trolled by a computer mouse-like device). Nevertheless, despite only one-ses-
sion difference in conditions between the two VRET groups, those in the tac-
tile augmentation group showed greater post-treatment improvement relative 
to the no tactile augmentation group on behavioral avoidance with a live ta-
rantula (p < .003) and SUDS during the BAT test (p < .005). A similar pattern 
of results was found in the group meeting diagnostic criteria but were too few 
to make a statistical comparison. On average, the behavioral avoidance test 
distance prior to and after treatments with tactile and no tactile augmentation 
was from 5.5 ft to 6 inches and from 5 ft to 2.5 ft after treatment, respectively, 
indicating the potential benefits of adding the ability to touch physical objects 
in VR. Despite the benefits in regard to behavioral avoidance, there was no 
difference between groups on self-reported fear.  
 
 In 2006, one of the first studies attempting to improve the cost of dissemi-
nating VRET was published as a within-group efficacy study (Bouchard et al., 
2006). The method selected in this study by Stéphane Bouchard, a professor 
at the Université de Québec en Outaouais (UQO), was not to use lower cost 
HMD hardware or computer equipment but to reduce the development costs 
of the VRET application by using existing computer 3D game editors (in this 
case from Half-life). In addition to being free to distribute, and enabling the 
use of existing, high quality 3D environments, the authors suggested that due 
to the ease of modifying these environments they could be done by almost 
anyone with relatively little computing experience. It was yet uncertain, how-
ever, whether they could deliver the same therapeutic benefits as more spe-
cialized software. A total of 11 participants meeting diagnostic criteria were 
included in the study and met over 5 weekly, 90 min sessions. Only the last 
three sessions, however, included time completing graduated VRET, while the 
earlier sessions were composed of a diagnostic interview, a familiarization 
process in the VR environment (without spiders), and traditional CBT psy-
choeducation and treatment rationale. The last session focused on relapse pre-



 

 55 

vention. During the treatment, patients explored an underground basement vir-
tual environment composed of 6 rooms using a joystick. All rooms contained 
different combinations of spider types (some striped, with different colors and 
sizes) as well as room purposes (e.g., kitchens and living rooms). Patients had 
the opportunity to explore the rooms in any order that they wished, having 
previously been given a list of what they contained. However, they were in-
structed to stay in each room until their SUDS levels reduced and the room no 
longer elicited anxiety. Therapists were with the patients at all times and were 
trained to help them through exposure tasks and to provide encouragement. 
Overall, patients experienced significant reductions in self-reported fear on 
the fear of spider questionnaire (FSQ) and improvements in behavioral avoid-
ance at post-treatment. The avoidance task, however, used a daddy long legs 
spider (Pholocus) not a tarantula as in the previous studies.  
 

The only study to compare VRET to in-vivo exposure therapy for spider 
phobia prior to the research conducted in this thesis was also by the Stéphane 
Bouchard research group (Michaliszyn, Marchand, Bouchard, Martel, & 
Poirier-Bisson, 2010). In this trial, a total of 36 participants were randomized 
to either an in-vivo condition, VRET condition, or wait-list control, and were 
followed for 3 months. A total of 11 were included in the wait-list control 
group but joined treatment groups after being re-evaluated (8 weeks later). 
The majority but not all participants met criteria for spider phobia, with 94% 
(15/16) in the VRET condition and 82% (13/16) in the in-vivo group, but with 
no significant difference on outcome (or demographic) measures at baseline. 
A total of 32 completed post-assessment. Treatment consisted of 8 (1.5 h) ses-
sions, with the first session dedicated to psychoeducation and cognitive re-
structuring, and the last session dedicated to relapse prevention (therefore 6 
sessions of exposure therapy). In the VRET condition, participants used an 
HMD that projected monoscopic (not 3D images), measured rotational head-
movement (3 degrees of freedom), and used a virtual environment built with 
the Max Payne 3D game editor. Participants travelled through the environ-
ment using a handheld wireless mouse and the simulation was stopped every 
20 to 30 min to prevent nausea from the use of a VR device. In the in-vivo 
condition, graded exposures to local tegeneria and pholcus spiders were used. 
In the VRET condition treatment was considered complete after interaction 
with a large virtual black widow spider (with low levels of anxiety) and in the 
in-vivo condition after being able to handle both types of live spider in each 
hand. At post-treatment, both VRET and in-vivo groups were significantly 
improved according to self-reported fear (p < .001), with no significant differ-
ence between them (p = .445). On a behavioral avoidance task (12-steps) using 
a tarantula spider, a significant reduction over time was also found (p < .011), 
with no significant difference between groups (p = .12). A significant reduc-
tion was found at post-treatment on diagnostic criteria (p < .001), with 1 
VRET patient meeting full criteria, another 2 patients meeting partial criteria, 
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and no in-vivo patients meeting criteria. Whereas on self-reported fear over 
follow-up the in-vivo group continued to improve, the VRET group did not. 
High-end state functioning required 2 standard deviation improvements on all 
self-report measures, full remission on diagnostic criteria, and achieving a 
score of 10 or higher on the BAT. There was found to be no significant differ-
ence between treatment groups on this criteria at post-treatment (p = .76) and 
follow-up (p = .62). The waiting-list group did not improve over both pre-
treatment evaluations on self-report questionnaires (p’s < .871). 

 
Recently, a randomized-controlled trial incorporating 3D videos instead of 

computer-generated stimuli and environments were used to conduct VRET 
(Minns et al., 2018). The videos used a live Chilean rose hair tarantula filmed 
with ortho-stereoscopy to create images that are full-sized, 3D and mirror the 
real world in terms of depth, size and perspective. The authors suggest that 
this could lower the cost of producing VRET content, as well as being more 
realistic. In order to test the efficacy of this new method, participants with a 
fear of spiders (N = 77) scoring 1 standard deviation above the mean on self-
reported fear (FSQ) and not able to physically interact with a tarantula during 
the BAT (scoring no more than 10 out 14), but not tested according to diag-
nostic criteria, were included in the study and randomized to a psychoeduca-
tion-only control group (n = 39) or the VRET group (n = 38). There were no 
differences on baseline demographic or clinical outcome measures (p’s > .05). 
In the treatment group, participants watched an initial short-video explaining 
the treatment rationale, how the treatments were conducted, and this was fol-
lowed by viewing a 5-min video of spider content a total of 6 times on repeat 
(30 min total). Over the course of the video, the spider stimuli became increas-
ingly intense, with first a spider being held by a model, then positioned closer 
to the camera, and then even closer to the camera, and looming towards the 
viewer. Research personal were not directly involved in providing the treat-
ment but sat next to the participant and instructed them to refrain from safety 
behaviors and interact with the stimuli as much as possible. The control group 
viewed the same psychoeducation video as the VRET group, but instead of 
the 3D spider content, watched a neutral 30-min 2D documentary about music 
genres. All participants provided clinical outcome measures immediately fol-
lowing treatment, and then the FSQ specifically one week following that. On 
the measure of self-reported fear, a large significant effect size difference be-
tween intervention and control was identified (d = 0.85, 95% CI: 0.384 to 
1.32). A medium effect size difference was also found on the BAT (d = 0.47, 
95% CI: 0.014 to .92), and VRET participants had significantly lower SUDS 
scores while completing the behavioral approach measure.   

 
 A number of smaller process studies involving spider fearful individuals 
have been conducted that also include outcome data. In 2005, a within-group 
efficacy study by the Bouchard group (Côté & Bouchard, 2005) used stimuli 
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created with a computer 3D game editor (from Max Payne) to conduct expo-
sures. In addition to collecting self-report data and in-vivo behavioral ap-
proach data before and after treatment, the authors collected cardiac response 
(heart rate) and evaluated automatic processing of threatening stimuli (using 
an emotional stroop task). The treatment portion of the study included 5 VRET 
sessions (60 min each) involving 28 participants meeting criteria for spider 
phobia. On the BAT assessment, while no patient was able to achieve all 10 
steps at pre-test, following treatment, 46.4% of patients were able to complete 
the last step on the BAT, a significant improvement over pre-test scores (p < 
.001). A statistically significant reduction on self-reported fear (FSQ) was also 
found (p < .001). On the process measures, the authors indicated that heart 
rate of participants when facing a live tarantula from 173 cm at post-assess-
ment was slower than at pre-assessment, and results on the emotional stroop 
task indicated that response times for threat interference (time to push color-
coded button for threat versus non-threat stimuli) was reduced following treat-
ment.  
 

The Kleim study (Kleim et al., 2014) which was discussed earlier in the 
context of improving exposure therapy using the memory consolidation ef-
fects of sleep also included clinical outcome data. All 40 participants included 
in the study met criteria for spider phobia and were provided one-session of 
VRET that lasted for approximately 45 min and followed a structured protocol 
requiring participants to view various spiders in virtual rooms of an apartment 
(staying in each location for 60s or until SUDS reduced), after which half were 
randomized to a sleep condition (for 90 min) or viewing of a neutral docu-
mentary video (also for 90 min). Following treatment, significant reductions 
in self-reported fear were reported in the overall sample, on the Spider Beliefs 
Questionnaire, and on approach distance (in cm) towards a terrarium with a 
tarantula, both immediately after treatment and 1-week following treatment. 
Unfortunately, the measures used in this trial were not comparable to the other 
trials making comparison difficult.   

 
A study by Shiban et al., (2015) was conducted in order to evaluate the 

effect of multiple contexts and multiple stimuli on fear reduction in spider 
phobic patients. This study was based partly on a similar previous study that 
found significantly reduced return of fear when participants were treated only 
in multiple contexts as compared to a single context (Shiban et al., 2013). In 
the follow-up study, total of 58 patients were randomized to one of four VRET 
conditions that totaled 20 min of exposure: either a single stimuli or multiple 
stimuli in a single context or multiple context. The different virtual stimuli 
amounted to one basic spider shape and basement room but with four color 
and texture variations, respectively. Prior to a behavioral approach test with 
in-vivo tarantula or household spider, a 20 s return of fear exposure was con-
ducted to a fifth spider in a novel fifth room (both rated by the authors as 
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scariest in previous research). At post-assessment and follow-up, BAT scores 
using the household spider were significantly less reduced in the single expo-
sure than the multiple stimuli exposure group (p = .04 and p = .022, respec-
tively), however not when using the tarantula. On self-reported fear measures 
(German version of the FSQ) at follow-up, a significant reduction in fear was 
noted (p < .001), but no interaction effect for single or multiple stimuli. In the 
context of clinical treatments, these results indicate that multiple types of stim-
uli may be beneficial for reducing behavioral avoidance at both post-treatment 
and follow-up, however interestingly this outcome was only found when the 
context remained the same (not in the multiple context with multiple stimuli 
condition).   

Modern reviews and process measures 
 

Much progress has been made since the early days of VRET for the treat-
ment of specific phobias. A recent review of exposure-based treatments for 
anxiety disorders (including PTSD) summarizes the evidence (Maples-Keller, 
Yasinski, et al., 2017). As of publishing, the review identified 10 RCTs con-
ducted for fear of flying, and an additional 7 trials made up of within-group 
and other experimental formats. For fear of heights, 4 RCTs have been con-
ducted, 5 within-group comparisons, and 2 additional RCTs incorporating 
VRET with cognitive enhancers such as DCS. Treatment for storm phobias 
has included a single subject design study, a claustrophobia study evaluating 
fear response to the perception of a closing door, and a case study for fear of 
driving. A separate meta-analysis published in the same year (Maples-Keller, 
Bunnell, et al., 2017) reviewed the evidence for treating social anxiety disor-
der (8 total studies), including two RCTs using virtual social interactions, 
three RCTs for fear of public speaking, and two studies undertaking a prelim-
inary evaluation of school related anxieties. At least one additional RCT, pro-
duced by our research for the treatment of fear of public speaking has been 
published since the Maples-Keller reviews (Lindner et al., 2019).  
 

Indications even since the early days of VRET treatments were that they 
were effective, however it was not until the 2000s that a series of meta-anal-
yses helped confirm this. In 2008, two meta-analyses were published includ-
ing only randomized-controlled trials (Parsons & Rizzo, 2008; Powers & Em-
melkamp, 2008). The stated goals of these meta-analyses were to provide 
pooled effect size estimates for treating a range of conditions with VRET 
(mostly specific phobias; Parsons & Rizzo, 2008), but also to compare VRET 
to wait-list control and in-vivo treatments (Powers & Emmelkamp, 2008). 
Meta-analytic evaluation was deemed particularly important because although 
a total of 300 patients with anxiety disorders were included in the Parsons and 
Rizzo (2008) meta-analysis, for example, sample sizes were small in the 21 
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studies included (between 4 and 30 participants). Results of this meta-analysis 
indicated average random effect sizes were Cohen’s d = 0.97 across all pooled 
participants for the treatment of anxiety disorders. In the Powers and Em-
melkamp (2008) meta-analysis, taking into account 13 studies (n = 397 par-
ticipants), effect sizes compared to control conditions were Cohen’s d = 1.11 
(95% CI: 0.82 to 1.39), and VRET treatments were found to be significantly 
better than in-vivo treatments (d = 0.35, CI: 0.05 to 0.65), although only 3 
studies had directly made this comparison. A later meta-analysis by Opriş et 
al., (2012) took a slightly different approach than the previous studies, by only 
comparing evidence-based treatments for anxiety disorders enhanced with a 
VRET component, against other classic evidence-based treatments (without a 
VRET component). A total of 23 studies (n = 608 participants) were included. 
Overall, a large and significant effect size was found against wait-list control 
(d = 1.12, 95% CI: 0.71 to 1.52). In the studies comparing VRET against clas-
sic evidence-based treatments, there was no overall significant difference in 
effectiveness on primary outcome and behavioral measures at post-treatment 
or follow-up (p’s > .05). In this analysis there appeared to be a dose-response 
relationship, such that more sessions resulted in greater improvement (p < 
.01). Despite these promising results, the authors acknowledge the relatively 
few studies comparing classic evidenced-based treatments to VRET were 
available; just 15 studies evaluating self-report at post-treatment, 8 studies be-
havioral approach, and fewer still over follow-up.   

 
More recently, a series of new meta-analyses have been conducted. A 2019 

meta-analysis by (Carl et al., 2019) included 1057 participants and 30 studies 
comparing VRET for a range of anxiety disorders against in-vivo treatments 
and controls. Similarly, with this much larger sample size, effect size estimates 
as compared to wait-list were large (g = 0.90) and there was no significant 
difference between VRET and in-vivo treatments (g = -0.07). Compared to 
psychological placebo controls, the effect size for VRET was g = 0.78. For 
specific phobias particularly, effect sizes compared to wait-list or placebo con-
trol were large g = 0.95 (95% CI: 0.63 to 1.28), and not-significantly different 
as compared to in-vivo exposures (g = -0.08, 95% CI: -0.35 to 0.19). Im-
portantly the greater number of participants and studies in this meta-analysis 
allowed moderator evaluations not possible earlier. Larger sample size studies 
were associated with smaller effect sizes in VRET versus control condition 
studies (p < .05), but not with VRET versus in-vivo exposures study compar-
isons (p = .70). More VRET treatment sessions were not associated with better 
effect sizes as compared to either controls or in-vivo treatments (p’s > 0.67) 
and publication year was also not predictive of effect sizes (p’s > 0.20). Fi-
nally, Fodor et al., (2018) conducted a meta-analysis for VRET anxiety but 
also depression studies (n = 39), finding a similar g = 0.70 (95% CI: .57 to 
1.02) effect sizes for anxiety as compared to controls at post-treatment and no 
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significant difference with active controls. The authors noted that a predomi-
nant number of studies used wait-list controls. The meta-analysis noted a risk 
of publication bias as a result of potential small study effects, using a number 
of tests, such as a visual inspection of funnel plots and a significant Egger’s 
regression intercept test (p = .04). 

 
Other meta-analyses have completed more specialized evaluations of the 

VRET literature. Morina, Ijntema, Meyerbröker and Emmelkamp (2015) con-
ducted an assessment intended to explore specifically whether treatment using 
VRET could have effects that generalized to real world circumstances (i.e., 
behavioral changes related to contact with in-vivo phobic stimuli). The au-
thors therefore selected only specific phobia studies that included in-vivo be-
havioral approach tests and confined their analysis to studies with patients 
meeting diagnostic criteria (e.g., unlike Opriş et al., 2012). A total of 14 stud-
ies were included and all were either treatments for acrophobia (n = 9) or fear 
of spiders (n = 5). Uncontrolled (within-group) behavioral approach effect 
sizes were large both from pre to post (g = 1.23, 95% CI: 1.00 to 1.46) and pre 
to follow-up (g = 1.63 95% CI: 0.68 to 2.84). In regards to controlled (be-
tween-group) evaluations at post-treatment, VRET versus wait-list controlled 
studies returned large significant effect size improvements (g = 1.41 95% CI: 
0.82 to 1.99) and no significant difference as compared to active controls (g = 
-0.13 95% CI: -0.43 to 0.17). At follow-up, VRET versus active controls also 
returned no significant difference (g = 0.44 95% CI: -0.12 to 1.00). The effect 
size results between self-report and behavioral approach outcome measures 
were reported by the authors to be similar. As a result of non-significant dif-
ference between VRET and active treatment results in this and past meta-anal-
yses, researchers have increasingly begun to suggest that VRET might be non-
inferior to in-vivo gold-standard exposure therapy treatment, which is a focus 
of this thesis.  

 
A recent systematic review attempted to answer this question using a met-

analysis. Wechsler, Kümpers, and Mühlberger (2019) identified 9 studies (n 
= 371 participants) using strict criteria to evaluate only those protocols ensur-
ing no differences between amount of exposure between VRET and in-vivo 
groups, and requiring that both VRET and in-vivo groups were conducted by 
therapists (i.e., no automated treatments). These treatments were for agora-
phobia, specific phobia and social anxiety disorder. Similar to the previous 
meta-analyses that conducted a VRET versus in-vivo evaluation (e.g., Powers 
& Emmelkamp, 2008; Carl et al., 2019), this study identified a non-significant 
difference in effect sizes but this time slightly in favor of in-vivo exposure 
across anxiety disorders (g = -0.20 95% CI: -0.55 to 0.16) and in a subset of 
four specific phobia studies (g = -0.15 95% CI: -0.47 to 0.16). Treatments 
using in-vivo methods for social anxiety disorder were significantly better, 
however, than VRET treatments (g = -0.50, 95% CI: -0.83 to -0.16). Effect 
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sizes for VRET treatments had an overall random-effect model g = 1.00 (95% 
CI: 0.65 to 1.35) effect size and for in-vivo exposure therapy g = 1.07 (95% 
CI: 0.34 to 1.10). In the case of the specific phobia subset of studies, fixed 
effect models gave an effect size of g = 0.68 (95% CI: 0.32 to 1.05) for VRET 
treatments and g = 0.72 (95% CI: 0.34 to 1.10) for in-vivo treatments. It should 
be noted that although meta-analyses are useful for exploring comparisons be-
tween treatments by combining underpowered studies, they are not a substi-
tute for a properly powered RCT (in this case non-inferiority trial) because of 
the heterogeneity of included studies and unknown statistical biases (Mauri & 
D’Agostino, 2017). 

 
 Evaluation of other aspects of VRET (beyond efficacy) have been con-
ducted as meta-analyses recently, including evaluations of attrition in VRET 
studies and evidence for potential negative effects as a result of the treatments. 
Benbow and Anderson (2019) undertook an evaluation to understand the ques-
tion of dropouts (i.e., discontinuation of treatment prior to treatment comple-
tion), an important issue to resolve because VRET treatments have in partic-
ular been cited as less aversive as compared to traditional in-vivo exposure 
therapies. The authors included data from 46 VRET studies (n = 1057 partic-
ipants) to identify overall attrition rates, and a smaller sample of 13 studies (n 
= 756 participants) to evaluate the likelihood of dropouts from VRET as com-
pared to in-vivo treatments. Overall attrition from VRET studies was a 
weighted prevalence rate of 16% (95% CI: 12.9 to 19.7) and ranging from 1.7 
to 41.4%. The odds of attrition from VRET as compared to in-vivo treatments 
indicated no significant difference in likelihood of dropping out (odds ratio of 
1.09, p = .66). Moderators of attrition were evaluated and only one (home-
work) was found significant, indicating that those studies that included home-
work had 17.1% less dropouts as compared to those studies that discouraged 
between-session homework. While it is positive that VRET studies were not 
worse than traditional in-vivo treatments in regards to attrition, they were also 
not better. Nevertheless, it should be remembered that patients were randomly 
assigned to VRET versus in-vivo exposures and the authors suggest that had 
patients selected VRET the number of patients dropping out could have been 
fewer.  
 

In regards to the evaluation of deterioration in VRET studies, this was com-
pleted recently using an individual patient data level meta-analysis (Fernán-
dez-Álvarez et al., 2019). The study included 15 datasets and a total of 810 
patients. In total, deterioration was found to occur in 4% (n = 14) of patients 
treated with VR, and 15% (n = 27) patients on wait-list. This translated to 4.87 
greater odds of deteriorating if assigned to a wait-list condition (95% CI: 0.05 
to 0.67). In regards to moderators of negative effects, being married was as-
sociated with a significantly lower probability of deterioration as compared to 
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being unmarried in the wait-list condition (OR 0.19, 95% CI: 0.05 to 0.67), 
but no other sociodemographic moderators were significant.  
 

Overall, VRET offers many important advantages as compared to gold-
standard in-vivo and other evidence-based treatments, as summarized earlier, 
and based on over a decades of meta-analyses similar levels of efficacy, sim-
ilar levels of dropout as conventional exposure therapy, and low deterioration 
rates. Criticisms of study quality remain after many years of VRET treatment, 
however (McCann et al., 2014; Page & Coxon, 2016; Parsons & Rizzo, 2008). 
Critiques include small sample sizes (Parsons et al., 2008), inadequate infor-
mation on dropouts (Opris et al. 2012), high dropout rates, lack of long-term 
follow-ups (Valmaggia et al., 2016) and heterogeneity of outcome measures 
and reporting of results (Parsons 2015). Few studies have included behavioral 
avoidance measures to evaluate real-world treatment effects (Powers et al., 
2008) and evaluations of assessor and therapist competence have been mini-
mal (Morina et al., 2015). Recent systematic reviews have suggested VRET 
for fear of spiders is one of the few interventions whose study quality has 
improved in the past decade (Page & Coxon, 2016). However, previous stud-
ies have not been sufficiently powered to determine non-inferiority (Morina 
et al. 2015). Many studies have shown preliminary support for new treatments 
rather than conducting methodologically rigorous research on long-standing 
VRET treatments (McCann et al., 2014). Other limitations of VRET interven-
tions as they currently are, include that that therapists may have reservations 
about conducting VRET interventions for various reasons as outlined in a re-
cent study by our research group (Lindner, 2019), technical glitches are pos-
sible when conducting VRET reducing efficacy, training may be needed for 
therapists conducting VRET sessions but be unavailable, initial cost of VR is 
increasingly low for conducting VRET but may still be significant for some, 
and the quality of VRET software may not always be adequate and would 
likely benefit from improved design and usability (Maples-Keller, Bunnell, et 
al., 2017). More mechanistic and dismantling studies are needed and would 
be beneficial for evaluating for whom VRET treatments benefit and how (Ma-
ples-Keller, Yasinski, et al., 2017).  

 
In summary, VR is a technology that was first developed in the 1960s and 

despite periods of widespread public interest followed by perceived irrele-
vance has generally undergone continual refinement since then both to its 
basic technology and how it is implemented in healthcare and clinical practice. 
By simulating computer-generated stimuli visually, responsive to movement 
and sometimes incorporating touch, sound and other senses, VR can present 
to the individual immersive situations and environments that they might oth-
erwise be too fearful of encountering in real-life and with learning and 
knowledge that translates to real-world experience. Today VR devices that 
would previously have cost many thousands of dollars are available for a small 
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fraction of that and enable exposure therapy simulations to be delivered even 
to a fully-contained personal device in an individual’s home environment. The 
use of VRET for spider phobia is a good example of the development and 
expected efficacy of the approach, with meta-analyses comprising over a thou-
sand patients and treating a range of different phobias, showing little benefit 
to gold-standard in-vivo exposure therapy, and with similar levels of attrition. 
Systematic reviews, however, suggest that improvements to the quality of 
VRET studies are warranted as well as studies that are sufficiently powered to 
test non-inferiority with the gold-standard treatment. 
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Alliance 

The therapist-patient relationship, and the capacity of the doctor to be a 
healing influence on their patient, their ideal qualities and style of interaction, 
has ancient roots in Western culture (Horvath, 2018a). Like the first charac-
terizations of phobias, these stretch back as far as Hippocrates. The signifi-
cance of the relationship, particularly in so far as it relates to psychotherapeu-
tic practice, its measurement according to psychometric theory, and relation-
ship to treatment outcome, is however, much more recent. Freud who founded 
psychodynamic therapy in the early 1900s, and is considered to have been the 
first modern psychologist to have conducted an in-depth exploration of the 
relationship as it pertains to psychotherapy, identified having a friendly and 
sympathetic attitude when interacting with a patient as critically important 
(Horvath & Luborsky, 1993). Since then, however, variably more or less focus 
has been placed on this relationship versus the specific techniques and tools 
used by therapists during treatment (Horvath, 2018a).  

 
In psychodynamic treatments, the development of a healthy personal-emo-

tional relationship between therapist and client is considered the heart of the 
treatment (Horvath, 2018b), providing a remediating bond to both elicit trans-
ference and resolve unconscious conflicts from the patient’s past, the inevita-
ble emotional upsets and strains weathered by means of an alliance (or thera-
peutic “pact”). Joseph Wolpe founder in the 1950s of Behavioral Therapy, on 
the other hand, is understood to have placed little emphasis on the therapeutic 
relationship. Instead, Wolpe suggested that the therapist’s job is to focus on 
selecting proper strategies, exercises and corrective methods to aid the patient 
(Horvath, 2018a). Another well-known psychologist and contemporary of 
Wolpe, Carl Rogers, emphasized strongly the therapeutic relationship in the 
practice of Client-Centered Therapy and particularly the personal qualities the 
therapist needed to facilitate the self-actualization of the patient. These were 
defined as “therapist offered facilitative conditions” such as empathy, uncon-
ditional positive regard and trustworthiness. More recently, psychologists 
such as Lars-Göran Öst, the founder of One-Session Treatment for specific 
phobia, has stated that a good therapeutic relationship is a necessity but not 
sufficient for treatment efficacy (Öst, 2012a). That is, the therapeutic relation-
ship forms a foundation by which a patient can have sufficient trust in their 
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therapist to expose themselves to their most anxiety provoking situations but 
it is not the specific mechanism of change.  

 
According to Horvath (2018a), due to the relative diversity of treatments 

that were successful in obtaining positive outcomes in patients, and lack of 
statistical difference between these various treatments according to meta-ana-
lytic studies conducted in the 1970s, an emphasis on discovering “common 
factors” as a theoretical construct as opposed to “specific factors” (tasks, tools, 
homework or techniques) unique to a particular treatment was initiated. It is 
during this period that common factors as a mechanism of treatment elevated 
the therapeutic relationship from what had been a discussion limited to psy-
chodynamic circles to a broader dialogue in the research community. Between 
1960 and 2010 some 31,600 studies have been published on one or more as-
pects of the therapy relationship (Horvath, 2018a). Specifically, it meant that 
the term “alliance” now became synonymous with a set of generic components 
ubiquitous to all treatments in which existed a helping relationship (Horvath, 
2011), including traditional psychodynamic treatments but also technology-
based cognitive-behavioral treatments conducted online and so on.  

 
Since the 1970s, multiple theories have emerged as frameworks for under-

standing and measuring alliance, but the most popular is the Working Alliance 
theory proposed by (Bordin, 1979). In a recent meta-analysis of 306 studies 
with alliance-outcome data, although 39 unique measures were identified, ap-
proximately three-quarters of these used a scale based on the Working Alli-
ance Inventory (Flückiger et al., 2018). The theory relies on a three-part model 
including a personal attachment or bond component, agreement on the goals 
of treatments, and the tasks used to accomplish those goals. Rather than alli-
ance being a component of treatment along the lines of a set of skills (for ex-
ample, Roger’s facilitative conditions), or synonymous with the relationship 
itself, alliance is understood to be a purposeful, joint endeavor and collabora-
tion (Hatcher & Barends, 2006).  

 
The flexibility of the Working Alliance model, often being referred to as 

being pan-theoretical, has no doubt contributed to its popularity and its use 
across many psychological schools (both psychodynamic and cognitive be-
havioral) as well as many helping professions (from medicine to physical ther-
apy). It may also be related to Bordin placing little in the way of restriction on 
what alliance is not or rather the boundaries of the working alliance (Horvath 
2018a). According to Horvath (2018a), the definition that Bordin formulated 
was narrative and not persuasive, that is it identified the process of alliance, 
what alliance does in therapy, how it comes about and functions, as well as 
the importance of alliance in repairing stresses and ruptures, but not a defini-
tion of what it is. As a result of the flexibility of Bordin’s theory and it being 
available to a relatively open interpretation, developers of new treatments 
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have had the opportunity to use and modify the alliance instrument in ways 
that satisfied the requirements for understanding their particular treatment 
area. 

 
A good example of the extent to which alliance research has expanded be-

yond its original use as an assessment of the face-to-face patient-therapist re-
lationship is in the evaluation of internet-based guided self-help (Berger, 
2017) using autonomous downloadable mobile self-help apps with no 
therapist necessary (Berry, Salter, Morris, James, & Bucci, 2018), and VRET 
where a patient may have a therapist but they are occluded by the 3D HMD 
(Meyerbröker & Emmelkamp, 2010). The use and evaluation of internet-
based treatments has been steadily increasing, totally some 300 controlled 
studies to date (Andersson et al., 2019) but so far, the evidence for therapeutic 
alliance in the context of these treatments has been slower to accumulate. A 
2012 wide ranging systematic review of the relationship between e-therapies 
and outcome identified just 11 (1.3%) mostly ICBT treatments that investi-
gated alliance (all text, non-video-based treatments; Sucala et al., 2012). A 
more recent systematic review using stricter search criteria identified 6 inter-
net therapy studies with alliance data from 1658 relevant articles but these 
were all therapist-guided ICBT for depression and anxiety (Pihlaja et al., 
2018). A total 18 studies were identified as part of the Flückinger et al. (2018) 
meta-analysis, but these also included telephone and videoconferencing-based 
treatments in addition to internet and email-based interventions. The total 
number of VR and augmented reality exposure therapy-based treatments in-
cluding a measure of alliance is 11 (including from those in this thesis), rang-
ing from treatments for fear of flying and acrophobia (Meyerbröker & Em-
melkamp, 2010), to small-animal phobia (Wrzesien et al., 2013), adjustment 
disorder (Miragall et al., 2015), as well as interventions for social anxiety dis-
order (Anderson et al., 2013; Bouchard et al., 2017; Ngai et al., 2015).  

 
In general, treatments that are conducted outside of the traditional psycho-

therapists office, without face-to-face contact with a therapist, suggest a more 
complex relationship with alliance (Andersson, 2009b). In internet-based cog-
nitive behavioral therapy, guided self-help treatments are conducted at geo-
graphic distance, typically using self-help modules with or without asynchro-
nous email or real-time texting with a guiding therapist (Berger, 2017). In the 
case of many mHealth apps, individuals using the app are likely to never have 
contact with a therapist at all. As a result of a VR headset obscuring the face 
of a participant during treatment, as mentioned previously, whether or not a 
therapist is present with a patient in the same room they will not be able to see 
each other while virtual stimuli or situations are being presented. In automated 
VRET or mobile self-help apps, the patient is likely never to interact with a 
therapist during the treatment (even verbally), however like many mental 
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health treatments, they may be present for initial and final assessments to con-
duct a diagnostic interview, review a suggested course of action, as well as 
confirm that treatment was completed successfully.  

 
A narrative review on therapeutic alliance in internet interventions (Berger, 

2017), suggests that while the perception may be that face-to-face contact is 
critical to alliance formation, common therapist behaviors such as warmth, 
empathy, and a sense of understanding, are also present even in internet-based 
treatments via text messages to patients. It is these common factors which may 
enable patients to maintain participation in these treatments without any hu-
man contact (Cavanagh & Millings, 2013). Barazzone, Cavanagh and 
Richards, (2012) used a qualitative approach to review common factors found 
in the automated features of three guided ICBT treatments for depression. 
Their research suggests that empathy, genuineness and unconditional ac-
ceptance are all engendered by emulating interactions thought conventionally 
to be tied solely to human relationships. For example, by using generalized 
empathetic statements, testimonials and fictional characters, the authors sug-
gest that the programs were able to convey warmth and sincerity, as well as 
providing insights into the experience of having depression. While this re-
search suggests that these programs may be good at establishing an alliance, 
it remains to be determined whether they will be equally good at further de-
veloping and maintaining the alliance, such as through possible ruptures.  

 
In automated VRET that includes not just text-based interaction with a self-

help application or contact with a therapist at a distance, but interaction with 
an embodied virtual therapist, an alliance relationship closer in kind to a hu-
man therapist connection may be possible. How alliance develops in relation 
to an embodied virtual avatar could parallel in some way how immersion and 
presence in VR occurs. Immersion is an objective measure of the degree to 
which sensorimotor contingencies are available to users in the virtual world 
that mimic those in the real-world (such as movement, touch, audio etc.). So 
too could sufficient capacities of the virtual therapist be provided, such as in-
teractivity, visual presence, and compassionate response, that one could inter-
relate with the virtual therapist as if it were a human therapist. Importantly, 
like presence in VR, which is the psychological experience of actually being 
there and that events are really happening (Slater, 2009), the distinction be-
tween treating the virtual therapist as real or as simply a well-designed pro-
gram may not be binary. High presence, or in this case treating the virtual 
therapist as if it were a real therapist, may be possible up to and until a sen-
sorimotor contingency available in the real-world was not possible in the vir-
tual world, and even then “creative mental processing” may compensate for 
breaks in presence by other psychological mechanisms.  
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Such investigation is really the domain of social presence or co-presence 
research, defined as the subjective experience of being with a “another” in 
virtual reality, and one of its main contributions is the extent of immersion 
necessary to engender the feeling that the other person in the virtual environ-
ment is “real” (Oh et al., 2018). Multiple components have been studied that 
contribute to the experience of co-presence such as the visual representation 
of the virtual human, its behavioral realism, level of interactivity, whether it 
was displayed with depth cues, monoscopically, using high- or low-resolution 
displays, and if the simulation included haptic feedback or high-quality audio 
or not. According to the authors of the systematic review (Oh et al., 2018), 
those aspects that contributed positively toward co-presence included interac-
tivity, depth cues, haptic feedback, and audio quality, as well as physical prox-
imity and personality traits in the virtual human. Perhaps, surprisingly visual 
representation and the quality of visual display were a weaker predictor of co-
presence. The authors suggest that while photographic and anthropomorphic 
realism can enhance the experience of social presence it must be matched by 
consistency with realistic behavior. It should be noted finally that more co-
presence may not always be welcomed (Oh et al., 2018). This would be the 
case for example with individual who was uncomfortable with social commu-
nication or was feeling more vulnerable, and therefore the use of less engaging 
virtual therapists may actually be warranted in some cases to maximize the 
positive outcome of the intervention study. The visual and behavioral capaci-
ties given to the virtual therapist, how this affects the level of co-presence and 
in turn the alliance with the virtual therapist, will need to be studied more 
extensively as this research unfolds.  

 
In summary, the patient-therapist relationship has traditionally been con-

sidered important to healing, although it has been emphasized somewhat dif-
ferently in cognitive-behavioral and psychodynamic theory and practice. A 
diversity of tools have been used to measure the construct but the most fre-
quently cited are based on the pan-theoretical tripartite Working Alliance 
framework proposed by Bordin. Given that in technology-based ICBT and 
VRET the patient and therapist may not be visible to one another, and there-
fore data on alliance has been slower to accumulate, evidence suggest that 
therapist relational factors are present even then. In automated treatments 
there may not be any human therapist involved in the interaction at all, never-
theless positive common factors such as empathy and warmth may still be 
transmitted through text or the voice and presence of an embodied virtual ther-
apist. Evidence from social presence research suggests how development of 
relational agents and alliance may continue to advance over time such as by 
using interactivity, improving audio quality, or emphasizing the personality 
traits of the virtual therapist. 
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Aims of the thesis  

The overall aim of this thesis has been the study of an automated virtual 
reality exposure therapy treatment for spider phobia. Using inexpensive hard-
ware and not requiring a human therapist to deliver, such treatments may help 
ensure that the benefits of exposure therapy can be disseminated widely. A 
rigorous methodology was designed to evaluate the efficacy and safety of the 
novel virtual reality treatment as compared to gold-standard in-vivo exposure 
therapy. Effort was made to provide sufficient justification necessary to allow 
for future effectiveness trials to be conducted in community settings outside 
the laboratory, such as in local clinics or a home environment. A process eval-
uation focusing on the virtual therapist component of the treatment and requir-
ing the development of a new questionnaire was undertaken to better under-
stand how the treatment imparted its therapeutic effects. Finally, quantitative 
and qualitative baseline data concerning what participants fear about spiders 
was analyzed to explore how future generations of exposure therapy treatment 
could be improved. 
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Overview of empirical studies  

There are three studies included in this dissertation focused on the use of 
virtual reality to treat individuals with spider phobia using an automated treat-
ment format. The first study (Study 1) was conducted to evaluate the efficacy 
of this novel treatment against gold-standard in-vivo exposure therapy (the 
reference treatment) using a non-inferiority design. The in-vivo behavioral ap-
proach test was the primary outcome measure and patients were followed over 
a 12-month period. The second study (Study 2) evaluated a working alliance 
tool constructed specifically for use with embodied virtual therapists in an au-
tomated treatment format. The instruments factor structure, convergent valid-
ity, and psychometric properties were measured and its relationship to treat-
ment outcome assessed. The third study (Study 3) performed an evaluation of 
the characteristics of spiders that spider fearful individuals find most frighten-
ing, their frequency, strength, and association with self-reported fear.  

 
 

  



 

 71 

Study I Automated virtual reality exposure therapy for 
spider phobia vs. in-vivo one-session treatment: A 
randomized non-inferiority trial   

Aims 
 

Evidence from efficacy studies conducted using virtual reality exposure 
therapy (VRET) since the 1990s has suggested that the treatment may be as 
effective as in-vivo exposure therapy, the gold standard treatment for specific 
phobias, while simultaneously being less aversive to patients, reducing treat-
ment refusal and improving treatment seeking behavior (Garcia-Palacios et 
al., 2007). Until recently however, the technology has been expensive, requir-
ing high-level maintenance and development skills, and as a result was only 
found at universities and other large institutions limiting accessibility (Slater 
& Sanchez-Vives, 2016). In 2014, the first modern, low-cost virtual reality 
headset was produced in large numbers by Oculus Rift as a development kit 
(DK2; the company later acquired by Facebook) and in that same year Sam-
sung began including basic virtual reality functionality in its mobile 
smartphones (Samsung Gear VR), useable with an inexpensive headset and 
thereby further reducing the difficulty and price of accessing the technology. 
Along with improvements to software distribution, like online software stores 
and downloadable VRET applications, for the first time the opportunity to 
create a highly-scalable exposure therapy treatment for specific phobia was 
made possible (Lindner et al., 2017).  
 

The Virtual Reality Immersive Method for Spider (Phobia) Exposure Ther-
apy (VIMSE) trial for the treatment of patients with spider phobia was initi-
ated. This trial provided the first direct test of VRET using inexpensive new 
versions of the technology (Samsung Gear VR) against gold-standard in-vivo 
exposure therapy. With the goal to improve the dissemination potential of the 
technology yet further, the treatment was intended to be delivered as an au-
tonomous digital technology (Fairburn & Patel, 2017), requiring no human 
therapist to conduct the treatment, and instead relying on an embodied virtual 
therapist and gamification to ensure engagement and treatment adherence 
(Fleming et al., 2017; Provoost et al., 2017). Unlike previous VRET studies 
comparing VRET to an in-vivo treatment such as Michaliszyn et al., (2010), 
the study benefited from a non-inferiority design. Non-inferiority trials are the 
preferred method of comparing a new treatment to reference treatment when 
no significant difference is assumed (Piaggio et al., 2012). While it is not sta-
tistically possible to prove two treatments are identical, it is possible to say 
that a new treatment is not worse than a reference treatment by an acceptable 
margin (Mauri & D’Agostino, 2017). Modern, highly-effective OST (Zlomke 
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& Davis, 2008), a massed single-session in-vivo exposure therapy treatment, 
was selected as the reference to compare against the novel automated VRET. 
Unlike Michaliszyn et al. (2010), patients were not transferred from VRET to 
the in-vivo arm if they failed to respond to the virtual stimuli (3 participants), 
and for the first time in VRET spider phobia studies, participants were fol-
lowed for a full year (as compared to just 3 months previously). 

 
This study was intended to determine not just whether VRET could be re-

ferred to as a treatment “not inferior” to in-vivo exposure therapy according 
to a pre-specified margin (as stipulated by non-inferiority designs), but be ef-
ficaciously delivered without a human providing the treatment. It was also 
intended to afford all the reasonable justification necessary for specific phobia 
VRET treatments to be tested in the future outside the laboratory, in local clin-
ics or even patient’s own homes, with minimal adverse or negative effects.  

Method  
 
In this study, participants were recruited from the local community and in-

cluded in the study if they met diagnostic criteria for spider phobia according 
to the DSM-5. Patients had to be available to visit Stockholm University on at 
minimum three occasions and meet other standardized inclusion and exclusion 
criteria. One exclusion criteria unique to virtual reality was a lack of stereo-
scopic vision or balance problems that could interfere with viewing the virtual 
stimuli. The treatment was fully contained but as this was the first known clin-
ical study to implement an automated VRET treatment, a human therapist was 
present at all times for ethical reasons and in case of severe emotional re-
sponse. They were instructed to act as a “computer technician,” with primary 
responsibility of fitting of the headset and addressing any technical problems 
with the virtual reality equipment. 

 
The primary outcome measure selected was the behavioral approach test 

(BAT; Öst, Salkovskis, & Hellström, 1991), composed of 13 approach steps 
and incorporating a standardized approximately 2-cm wide in-vivo spider na-
tive to Sweden and which participants in both the VRET and in-vivo treatment 
arms would be asked to approach in the presence of a blinded assessor (at pre-
, post- and 3- and 12-months after treatment). Similar to past meta-analyses 
evaluating the efficacy of VRET interventions, this would provide an oppor-
tunity to test the generalizability of VRET to real-world conditions (Morina et 
al., 2015).  

 
This study was conducted as a randomized non-inferiority design. The non-

inferiority margin used in the study was based on pre-existing data as the min-
imum improvement needed to achieve clinically significant change (set at 2 
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points; Andersson et al., 2009a) and published in a research protocol of the 
study (Miloff et al., 2016). A sample size of 100 participants was calculated 
as required, with a conservative standard deviation of 4 (actual SD 2.47 and 
2.71), 80% power to detect the non-inferiority margin, and using a 1-sided 
95% confidence interval (sealedenvelope.com). Secondary outcome measures 
included meeting diagnostic criteria for specific phobia according to The 
Structured Clinical Interview for DSM-IV (SCID) adapted to DSM-5 (First et 
al., 2002). It also included self-reported fear, using the Fear of Spiders Ques-
tionnaire (FSQ; Szymanski & O’Donohue, 1995) and the Spider Phobia Ques-
tionnaire (SPQ; Muris & Merckelbach, 1996), the former benefitting from im-
proved time-scale discrimination, and the later included primarily as a com-
parison with previous published research. 

Results and discussion  
 
 The primary purpose of this study was to test non-inferiority of a novel 
automated VRET for spider phobia as compared to traditional in-vivo expo-
sure therapy, given that a series of past VRET and spider phobia specific stud-
ies (Michaliszyn et al., 2010) indicated no significant difference between the 
treatments. Participants with an average age of 34 (SD = 10.35) and mostly 
female (> 80%) were randomized 50 to each group. This was a relatively 
highly educated sample with more than half in each group (29/50 and 35/50 
in OST and VRET, respectively) having a college or university education. 
There were no significant difference in the groups at baseline on either demo-
graphic variables or outcome measures. All participants met criteria for spe-
cific phobia prior to treatment using a structured clinical interview.  
 

Non-inferiority was identified at 3- and 12-months follow-up, but not at 
post-assessment as was previously hypothesized, and VRET was significantly 
worse than the in-vivo treatment until 12-months (upper-bound did not cross 
null). The results on behavioral avoidance continued to narrow over follow-
up, however, and this was likely as a result of a ceiling effect. Of those treated 
with in-vivo exposure therapy, approximately 50% achieved the maximum 
score (12 points) on the BAT at each of the time periods, as compared to 11 
to 15% in the VRET group, and showing no deterioration (p = .376). Never-
theless, at 3 and 12-months follow-up the mean difference on the BAT were 
just 1.34 and .90 on observed data, or 1.21 and .81 on intention-to-treat anal-
ysis data, respectively. These scores amounted to the difference between phys-
ically touching a spider and holding one’s hand close it. Given that the VRET 
participants never had the opportunity to practice handling a spider even under 
VRET conditions (e.g., using tactile feedback; Hoffman et al., 2003), the last 
two levels on the BAT (11 and 12) which required touching an in-vivo spider 
are likely to have been quite challenge. It will be interesting to test in future 
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studies whether VRET with haptic feedback might improve translation of vir-
tual practice to behavioral approach outcomes in the physical world.  

 
On self-reported fear (FSQ and SPQ), the secondary outcome measures, 

large effect size reductions were noted for both VRET and OST at post and 
follow-out. In the VRET group effect sizes were in the range of 1.2 to 1.5, and 
in the in-vivo group these results were in the range of 2.0 and 2.7 with signif-
icantly better improvement in the in-vivo treated relative to the VRET. Treat-
ment results were maintained in the in-vivo group over follow-up on both sec-
ondary outcome measures but continued to improve in VRET group on the 
SPQ measure relative to the OST group. Despite the significantly greater im-
provement overall in regards to self-reported fear using in-vivo exposure ther-
apy relative to VRET, there was no significant difference in individuals meet-
ing clinically significant change, with 56% and 38% meeting cut-offs at post-
treatment, respectively (p’s > .071). This is in contrast to the measurement of 
behavioral avoidance where only 28% of participants in the VRET group met 
clinically significant change cut-offs as compared to 72% in the OST group 
(p < .001).  

 
Finally, it is important to note that there were no significant differences in 

mean scores on a negative effects questionnaire (p = .145). According to the 
three most commonly reported symptoms in each group, in-vivo participants 
reported more anxiety related negative effects (e.g., “I felt more worried”; 
13/48 participants), whereas VRET participants tended towards reporting 
more dissatisfaction with the treatment itself (e.g., “I felt that my expectations 
for the treatment were not fulfilled”; 19/47 participants). Given the relative 
similarity between results on many outcome measures in this study, the dif-
ference in type of most commonly reported negative effect suggests a stepped 
care model using automated VRET first may be warranted prior to recom-
mending in-vivo treatments. Nevertheless, considering this study is among the 
first automated exposure therapy treatments currently available, there should 
be ample room for improvement, and this improvement appears to be justified.  
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Study 2 Measuring Alliance Toward Embodied Virtual 
Therapists in the Era of Automated Treatments: The 
Virtual Therapist Alliance Scale (VTAS) 

Aims  
 
In order to deliver a truly automated exposure therapy application at the 

minimum a participant must be provided a number of explicit pieces of infor-
mation. These might include psychoeducation underscoring how learning the-
ory works (e.g., habituation), practical advice about how to perform the treat-
ment (e.g., the need for step-by-step increases in intensity), and how to con-
duct maintenance following exposures (e.g., keeping a record of exposures). 
These are the specific skills and tasks of exposure treatments, however, start-
ing in the 1970s a new perspective on the benefits of psychotherapy suggested 
the importance of non-specific factors as well (Horvath, 2018a; Zilcha-Mano 
et al., 2019). Alliance was the name given to measurement of one aspect of 
these non-specific factors, referred to as the therapeutic relationship, and 
working alliance (Bordin, 1979) the most commonly used conceptualization 
for how to do so, composed of a tripartite model based on agreement on the 
tasks and goals of treatment, and bond between patient and therapist.  

 
With modern technologies such as VRET, it is possible to not just provide 

a self-help treatment manual or information video alongside phobia stimuli, 
but incorporate an embodied virtual therapist able to deliver all the general 
instructions discussed above but with a human voice form, instructions based 
on real-time patient interactions with the stimuli, as well as guidance and ver-
bal reinforcement of the patient as treatment progresses. Given that many au-
tomated internet-based self-help treatments suffer from low-adherence or poor 
efficacy, the use of embodied conversational agents has been suggested as a 
possible means of “bridging the gap” between interventions that include a hu-
man therapist as part of the treatment regime, and those treatments that are 
unguided (Provoost et al., 2017).   

 
Despite a number of recently published automated VRET clinical trials in-

corporating an embodied virtual therapist (Donker et al., 2019; Freeman et al., 
2018; Miloff et al., 2019), to date none has measured working alliance with 
the avatar, a potentially important predictor of efficacy in their treatment. This 
may be partly as a result of the lack of purpose-built tools for measuring alli-
ance towards embodied virtual therapists, given that the term virtual therapist 
is not simply interchangeable with human therapist in questionnaires , and re-
cent research suggests that neither is referring to alliance with the “app” suf-
ficient for measuring the subtleties of the patient therapeutic relationship 
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(Berry et al., 2018). This study aimed to develop a working alliance measure 
specific to embodied virtual therapists referred to as the Virtual Therapist Al-
liance Scale (VTAS), evaluate its psychometric properties and factor struc-
ture, and measure its relationship to patient treatment outcome. 

Methods 
 
The VTAS scale (17 items) was based primarily on Working Alliance In-

ventory items (WAI; Hatcher & Gillaspy, 2006; Horvath & Greenberg, 1989) 
from across the three WAI subscales (Task, Goal and Bond) deemed most 
applicable for use with a virtual therapist. Also, included were items used for 
measuring the level of empathy of a virtual therapist from a previous study 
(Pontier & Siddiqui, 2008). Finally, co-presence items from a previous scale 
(Bailenson et al., 2003), which can be referred as the experience of being with 
another in a virtual environment, were included. All items were re-written spe-
cifically for this new scale (in reference to the “virtual therapist”).   

 
Participants used in the evaluation of this scale came from two separate but 

related studies. The first study was Study 1 referred to above (Miloff et al., 
2019) and the second study (Lindner et al., 2020) a replication of Study 1 but 
conducted without a human therapist being present at all (instead the patient 
received a set of written instructions) and using a slightly updated VRET soft-
ware in which the voice of the virtual therapist was English (instead of Swe-
dish). A total of 70 participants completed VTAS questionnaires.  

 
Exploratory factor analysis of the VTAS was evaluated using parallel anal-

ysis scree plot and factor loadings, extracted using maximum likelihood esti-
mation, and an oblimin rotation. Internal consistency used Cronbach α and 
McDonald’s ω. Convergent validity was assessed using bivariate correlations 
between the co-presence factor and z-corrected presence scores from two sep-
arate scales, and an empathy-bond factor compared with system usability 
scores. Steiger’s tests compared correlations between each factor with one 
variable in common (VTAS total score). Multiple linear regression was used 
to predict VTAS total and factor scores based on all possible predictors at 
once.  

Results and discussion  
 
Data from this analysis suggests that the two VRET studies used to evaluate 

the VTAS provided an appropriate test of patient alliance with an embodied 
virtual therapist. Evaluation of demographic and baseline self-reported fear 
characteristics indicated no significant differences between participants from 
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both studies (p’s > .432). Scores on the VTAS items followed an approxi-
mately normal distribution based on visual and computational evaluation (i.e., 
Shapiro-Wilk test), and internal consistency on the VTAS was high in both 
studies (α’s > .915).  

 
Exploratory factor analysis indicated a two-factor solution, with most task, 

goal and co-presence items in factor 1 (12 items) and most bond and empathy 
items in factor 2 (5 items). A task-goal and bond two-factor solution is con-
sistent with factor analysis of the WAI in past samples with human therapists 
(e.g., Falkenström et al., 2015). Factor loadings were all above recent recom-
mended cut-offs (i.e., > 0.35; Clark & Watson, 2019). Internal consistency 
was high on VTAS total scores (α = .921) and factor 1 (α = .931), and adequate 
in Factor 2 (α = .710). Although Clark and Watson (2019) have recently rec-
ommend cut-offs of α = .80, high coefficient α is difficult to achieve with few 
items (just 5 items in factor 2).  

 
Correlations between the VTAS (its factors) and self-reported fear indi-

cated no significant correlation between pre- and post-treatment, but between 
post- and follow-up the VTAS significantly correlated with treatment outcome 
on both total (r = .310) and factor 1 scores (r = .333). There was no significant 
correlation still on factor 2 over follow-up. Correlations on the VTAS are con-
sistent with recent evidence (over 30 000 patients) from a meta-analysis of 
alliance correlations with outcome, in the range of r = .275 to .278 for internet-
based and traditionally delivered treatments, respectively. Convergent validity 
of factors suggested factor 1 correlated significantly more with presence z-
scores (p < .001), as would be expected considering all co-presence items were 
found in that factor, and with only user friendliness predicting factor 2 scores 
(p < .001), also expected considering use friendliness has certain commonali-
ties with bond or empathy such as providing a sense of accessibility and guid-
ance (Barazzone et al., 2012).  

 
Future studies will benefit from evaluating the strength of patient alliance 

towards virtual therapists with different forms of embodiment (voice-only ver-
sus physical), levels of interactivity, and types of personality and relational 
behavior, and exploring their association with outcomes. The research here 
was completed with studies using a single treatment session, and it will be 
worthwhile investigating whether strong alliance with a virtual therapist may 
help improve adherence in automated treatments as suggested by Provoost et 
al., (2017). The evaluation of how generalizable these findings are is also im-
portant, considering the relatively low mean age of participants (< 35 years) 
and high educational attainment and literacy skills. This is particularly the case 
considering that the utility of automated VRET treatments are likely to be 
higher in low and middle-income countries where access to evidence-based 
treatments are at their least.   
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Study 3 What is so frightening about spiders? Self-rated 
and self-disclosed impact of different characteristics and 
associations with phobia symptoms 

Aims  
 
Spider phobia is among the most common specific phobias (Oosterink et 

al., 2009) and yet except for an older study (Davey, 1991) little is known about 
what visual characteristics of spiders or other spider related cues are fear pro-
voking for phobic individuals. The identification of these characteristics have 
a number of possible benefits. In the context of face-to-face in-vivo treat-
ments, if clinicians are aware of the primary cues that patients are fearful of, 
treatments can be more focused, and behavioral experiments setup ahead of 
time to precisely explore emotional triggers. This is in keeping with Öst’s 
(2012) recommendations in his manual for one-session treatment which sug-
gests specific exposures rather than broad non-specific exposures are more 
rapidly able to shift avoidance behavior, subjective anxiety and promote new 
learning. Knowledge of what cues are fear inducing to patients may also help 
ensure that fear hierarchies can be developed that maintain a high-level of 
arousal for patients throughout the treatment process as recommended to max-
imize inhibitory learning (Craske et al., 2014). 

 
In the context of VRET treatments, past studies with spider phobic patients 

have sometimes moved patients to an in-vivo condition if they were not suffi-
ciently aroused by the virtual stimuli (e.g., Michaliszyn et al., 2010). Some of 
the mostly highly reported “negative effects” in the clinical trial, commonly 
defined as adverse or unwanted events as a result of treatment (Rozental et al., 
2016), included for example that “the treatment did not produce any results”. 
In the context of treatments conducted with a clinician, if their patient was not 
experiencing any results from working virtual stimuli, transitioning to the use 
of an in-vivo stimuli would not be particularly difficult (as long as the clinician 
was trained adequately). However, given recent advances in automated VRET 
that could include providing these evidence-based treatments at community 
health clinics, perhaps with the assistance of a nurse or psychosocial health 
workers, or as a truly automated downloadable intervention on a personal vir-
tual reality device at-home, failure to be adequately aroused by the treatment 
could be quite a negative outcome for the patient. Ensuring that VRET is not 
rejected and patients are not demoralized resulting in excess attrition should 
be a priority for future treatments, particularly considering dropout rates are 
similar between in-vivo and VRET treatments and the most commonly re-
ported reason for dropping out was failure to immerse in the VRET environ-
ment (Benbow & Anderson, 2019). 
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Methods 
 
All participants who applied for participation in the VIMSE clinical trial 

were required to complete a baseline screening inventory for inclusion. In ad-
dition to a battery of self-report measures such as the FSQ (Szymanski & 
O’Donohue, 1995), and standardized demographic and contact questions, par-
ticipants filled out quantitative ratings of different spider characteristics (7 
items), their relative impact on situational fear (5-step rating; from no impact 
to great impact), as well as a free-text question on spider characteristics (“what 
is it about spiders that you find frightening”). The quantitative section in-
cluded questions designed to discriminate between components of “legginess” 
referred to as important in Davey (1991) as well as other potentially clinically 
important visual and movement related characteristics of spiders (without be-
ing exhaustive). Nearly 200 participants completed this preliminary baseline 
screening (n = 194).  

 
Analysis of the data included descriptive statistics for each item of the 

quantitative questionnaire, factor analysis (using parallel analysis) to create 
sub-scales of characteristics, and normalized numbers from these factors (di-
vided by number of items) as loan predictors in single linear regression models 
and together as covariates in a multiple regression model with self-reported 
fear of spider self-report (FSQ) as the dependent variable. Qualitative analysis 
used concatenated Swedish raw data, cleared of punctuation and common 
stoppage words, spider-related nouns, emotion-related verbs, adverbs and re-
lated terms in different tenses manually stemmed. A processed frequency table 
of words were then translated into English equivalents and visualized using a 
word cloud.  

Results and discussion  
 
Factor analysis of the quantitative results indicated a two-factor solution 

based on factor loadings and visual inspection of a parallel analysis scree plot. 
These groupings corresponded to a movement-related and appearance-related 
factor of 3 and 4 items, respectively. The color of the spider obtained the low-
est mean impact scores and how close it is, how large it is and movement 
related scores (how it moves and how much it moves) the highest score. Free 
form qualitative results indicating “legs” as the most common term, followed 
by “fast” or “move,” provide added support to the importance of movement 
relative characteristics as those most fear provoking. Including both factor 
scores as predictors in single regression models or together in a multiple re-
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gression model did not, however, find a significant relationship with self-re-
ported fear (p’s > .736), indicating that patient pre-treatment severity of fear 
was not associated with a particular spider characteristic.  

 
 These results suggest that the dynamic characteristics of spiders, their 

movements, distance from the individual and size, are the qualities that induce 
the greatest fear in spider fearful patients and are therefore the primary content 
that should be included in future VRET applications. When used in the context 
of in-vivo exposure therapy, having a healthy spider (rather than a weak or 
tired spider) that is able explore and interact with patients might be critical to 
achieving adequate arousal necessary for treatment efficacy. It will be im-
portant to confirm these results, however, in populations outside Sweden 
given that harmful spiders in other countries have familiar clear visual mark-
ings such as the red spots and/or hourglass shape on widow spiders (Latrodec-
tus), that may be particularly arousing to spider fearful individuals.    
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General Discussion  

The overall purpose of this thesis has been the development and evaluation 
of an automated exposure therapy application for treating specific phobias, in 
this case spider phobia. In the first study we have shown that over follow-up 
automated VRET was not inferior to gold-standard in-vivo exposure therapy 
according to a pre-registered behavioral avoidance margin. In the second 
study we evaluated using a novel working alliance questionnaire an important 
component of automated treatments, namely the virtual therapist, which pro-
vided patient guidance through the program, psychoeducation and encourage-
ment during exposures. In the third study, we explored what were to spider 
fearful patients the fear-provoking features of spiders, an aspect of exposure 
therapy treatments that may be valuable for creating improved future genera-
tions of VRET treatments.  

The efficacy of automated VRET for spider phobia 
 

The automated VRET used in the research studies included in this thesis 
and designed by multiple authors on these papers was central to the efficacy 
of the treatment patients received. It was composed of components based on 
traditional in-vivo exposure therapy but also components that had not yet to 
our knowledge been incorporated in such a treatment. Conventional aspects 
of the treatment included a progression system that used a fear hierarchy be-
ginning with stimuli that were small or likely to be of relatively low arousal 
(e.g., a cartoon spider) and transitioning to larger, more realistic and fear in-
ducing stimuli. The psychoeducation provided to patients was based on theory 
and practice developed over generations by researchers and psychologists, re-
lying roughly on Öst’s OST treatment manual (Davis et al., 2012). Patients 
spent periods of time simply viewing a spider in different areas of a home 
environment to encourage habituation. Sometimes the spider was found walk-
ing on a table in a TV room, at other times in the corner of the living room or 
outside on a patio, but also walking directly towards them. The later “loom-
ing” exercise with a spider was a form of completion step before moving onto 
the next stage of the fear hierarchy and new more challenging stimuli. This 
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exercise would not be particularly different from a patient being able to man-
age a spider walking up their arm before moving onto interacting with a next 
larger type of spider, first just looking at it, and then greater degrees of contact.  

 
The more novel aspects of the treatment included turning the progression 

system into a game, requiring patients to solve simple puzzles, gain points, 
and generally interact with spiders in ways not possible in a conventional ther-
apy session. Although, patients remained seated for the duration of the treat-
ment (the Samsung Gear VR device allowed only rotational head tracking), 
interactivity with the application by means of games may have contributed to 
a sense of presence with the environment by encouraging interaction. It should 
be noted however, that we found no significant difference between those who 
experienced high and low presence and outcomes on behavioral avoidance or 
self-reported fear (p’s > .014). Further research is warranted, but as has been 
noted elsewhere (Diemer et al., 2015), it may be that a certain threshold of 
presence is required after which additional presence, that is feeling like one is 
in a virtual reality environment and that events are actually occurring, is 
merely supplementary.  

 
Inhibitory learning methodologies were used, such as having patients inter-

act with multiple varieties of spiders (deepened extinction learning) and in 
different areas of a suburban (Swedish) row house (i.e., multiple contexts). 
This would typically be quite difficult to accomplish with in-vivo spiders in a 
naturalistic setting in the real world. Spiders were also presented in such a way 
as to encourage patients to help and care for them (positive valence). This was 
based on evidence from previous clinical trials that those viewing a 7-min 
story about a kind and wise personified spider (e.g., Charlotte’s Web, a chil-
dren’s story) were more successful during a later fear reinstatement exercise 
than those in a control group (i.e., lower self-reported fear and improved be-
havioral approach; Dour, Brown, & Craske, 2016). In-session VRET exercises 
often combined positive valence and gamification. For example, at different 
stages of the treatment, participants helped a spider cross a pond by moving 
floating lily pads, protected a spider with an umbrella from rain, and helped 
feed spiders. Patients learned about the life-cycle of spiders via a “spider ex-
pert,” a female voice who described spider importance to the ecosystem and 
other generally positive messages about spiders during the course of the treat-
ment. Finally, the virtual therapist was present with the patient from the first 
interactions with the VRET application, and was used to create a supportive, 
warm, empathic presence under circumstances that would otherwise be highly 
aversive for the individual. 
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Theoretical implications of VRET efficacy  
 

We are now familiar with and aware of the benefits of exposure therapy 
and how habituation and inhibitory learning function to reduce avoidance and 
fear, however there are aspects of VRET that are quite different than tradi-
tional in-vivo exposure. For one, patients are well aware that the spiders they 
are seeing are entirely virtual, and therefore harmless, and unable to physically 
touch them or be in the same room as them, and yet treatment outcomes are 
similar and spider phobic patients seem to experience high emotional and 
physiological mobilization as a result of the VRET treatment. This can be at-
tested by anyone present while a patient is treated with VRET or the high 
SUDS reported in some studies. This relates therefore to an important question 
regarding the mechanisms by which the treatment effects of VRET are made 
possible. If understood and evaluated, then future VRET may be able to take 
advantage of these mechanisms and utilize them for therapeutic effect.  

 
One notable characteristic of virtual reality that the epigraph from Jaron 

Lanier in the opening pages of this thesis refers to is that in virtual reality there 
is a clear distinction between one’s inner life and what is happening outside 
of you. In the normal day-to-day we assume that what is happening inside of 
us (our cognitions and emotions) are because of what is going on outside. 
When we get scared of a spider in virtual reality, however; and recognize ob-
jectively that what we’re seeing is virtual, this may help us to understand that 
the fear is not located in the stimuli itself but rather in our orientation towards 
or beliefs about the stimuli. The discrepancy between internal dialogue (what 
we think is going on) versus external reality (what is actually happening) is 
highlighted by Öst in his OST treatment manual. The final goal of OST he 
suggests is that the patient “…no longer believe in his or her catastrophic cog-
nitions” (Davis et al., 2012, p. 70). Although, this recognition is certainly pos-
sible with conventional treatments and even likely, the use of virtual stimuli 
might increase the speed at which this discrepancy between our thoughts and 
reality can be noted faster and better than interacting with the in-vivo stimuli 
itself.   

 
Related to this, VRET may assist us in observing this process by which the 

interpretive function of the mind “explains” what we’re seeing (i.e., interpre-
tation bias). Evolutionarily speaking, the hominids most successful at inter-
preting the waving of grasses at the edge of a camp as a stalking lion, would 
have been those humans that became our ancestors. As a result, perceptual 
capacities may not be geared towards deducing objective reality as we expect, 
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what is referred to as veridical perception, but rather re-constructing a reality 
that is in more keeping with evolutionary pressures to survive. This has been 
termed the Interface Theory of Perception by Hoffman at the University of 
California, Irvine (Hoffman, 2018). The author uses the example of a desktop 
interface on a computer, we see a file folder on the desktop as blue, rectangular 
and off to one corner, but must be aware that the reality of the file exists simply 
as lines of code in computer memory, the interface just helps us to get a job 
done in the real-world. The same may exist for us as we interact with the world 
around us, learning to recognize the grass moving as merely wind blowing, or 
a spider as just a common harmless insect wandering along. The interpretative 
capacity of the mind that sees fear where there is none is a biological “hack” 
that kept us safe, and using virtual reality to help note this discrepancy be-
tween the sensory input and our minds interpretative ability may provide ben-
eficial opportunities for future VRET research.  

 
 There are other theoretical aspects of using virtual reality to conduct expo-
sure therapy that while more basic conceptually may still prove useful to ex-
plore in the future. Unlike a computer screen or photograph, stimuli in virtual 
reality are seen in three-dimensions, requiring reconstruction of the visual 
space using binocular vision, motion parallax and other visual cues. Inhibitory 
learning theory suggests that the more cognitive (and perhaps) neurological 
resources that can be harnessed and devoted to an exposure task, the greater 
the learning that will be possible (Craske et al., 2014). Part of the benefit of 
this might be the memory related enhancements of attending to and recording 
a multiplicity of sensory cues (Weisman & Rodebaugh, 2018). Future VRET 
treatments could make use of more complex computer-generated environ-
ments and visual features, spider or otherwise, to increase cognitive and neu-
rological processing.  
 

In virtual reality the visual field is reactive to users behavior, such that a 
movement of a participant’s head in the VRET simulation used in this study 
(for example), could allow the participant to knock over a plastic cup that was 
hiding a spider, or move a pillow to protect a ball from falling on a spider. 
These actions are referred to as sensorimotor contingencies (if I do this, than 
that will happen) that mimic behaviors undertaken in the real world, are re-
quired for perception, and give rise to the feeling of immersion (Slater, 2009); 
if the virtual world responds like the real-world than it will be treated as such 
(Lanier, 2017). Unlike simply looking at a 2D picture, the reaction and coun-
ter-reactions that virtual reality requires and stimulates in a user provide a 
much more engaging experience, likely improved learning, and should be en-
hanced wherever possible to create greater behavioral change in the real 
world.  
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Potential threats to validity of results and limitations 
 

While we can say with reasonable certainty that the VRET treatment that 
was conducted here was highly efficacious, consistent with multiple prior 
studies of VRET with spider phobic patients, and that the treatment is non-
inferior over follow-up as compared to in-vivo exposure therapy, future repli-
cations will be needed to confirm the later result. Replications will be needed 
in different populations and even countries as would be normal for assessing 
the efficacy of any new clinical treatment, but also in part because of design 
decisions in this clinical trial.  

 
Behavioral approach tests using in-vivo spiders were incorporated as a pri-

mary outcome measure in order to evaluate the generalizability of treatment 
results to real-world conditions. This is typically preferable to treatment out-
come measures being restricted to self-report or what the patient “thinks” is 
their current level of fear and avoidance of spiders (rather than demonstrated 
interaction with an in-vivo spider). However, as a result of BAT measure-
ments before and after treatment (and 3- and 12-months follow-up) patients in 
both conditions did experience some actual exposure time to real-life spiders. 
This is of practical consequence, of course, primarily for patients randomized 
to the VRET condition who would otherwise have not had any contact with 
an in-vivo spiders during treatment (only virtual spiders). These were short 
exposures, likely in excess of no more than 2 or 3 min, and did not enable 
patients to practice any skills related to interacting with the spiders or habitu-
ation to the stimuli, however they were able to expose themselves to the full 
intensity of their emotional response and for that reason there may have been 
some benefit to treatment outcomes. Unfortunately, there is little research 
evaluating whether very short exposure to spiders (or other stimuli) has any 
efficacy in and of itself.  

 
 In terms of the overall efficacy of the treatment, patients were instructed 
following the single session of therapy to engage in treatment maintenance. 
Maintenance instructions typically revolve around recognizing anxiety as nor-
mal, responding to setbacks, and differentiating them from relapses but also 
how to conduct self-exposures. In order to retain consistency between VRET 
and in-vivo exposure therapy, and provide optimal benefits of treatment to 
both (in keeping with ethical considerations), participants were provided these 
recommendations as well as instructions and worksheets on how to do it. This 
is standard procedure in OST following a treatment and is conceived of as 
helping to further develop the skills learned by the patient with the therapist 
(like a driver practicing new driving skills; Davis et al., 2012), however some 
benefit of treatment over follow-up may be the result of self-exposure rather 
than the treatment itself. This has been hypothesized as a reason for continued 
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improvement over follow-up in specific phobia studies (e.g., Wolitzky-Taylor 
et al., 2008) but so far there has been a lack of data collected on the subject. 
We anticipated being able to collect self-exposure data but unfortunately due 
to logistical reasons were not able to do so consistently. Nevertheless, even if 
the primary mechanism of change in VRET studies were that it led to self-
exposures the credibility of treatment results should not be discounted.  

 
Another important limitation of the clinical trial was that a human therapist 

was present with patients throughout the duration of the VRET treatment. This 
was done primarily out of ethical concern for the patient. At the time of the 
planning and development stages of the clinical trial, to our knowledge no 
other exposure treatment had ever been carried out in an automated treatment 
format before. Self-help exposure treatments had been conducted in the past, 
via pictures and video presented to patients online (Andersson et al., 2009a), 
or a videotape being mailed to patients (Öst, Ferebee & Furmark, 1997), but 
we felt this was qualitatively different to patients having realistic spiders 
strapped to their faces via a virtual reality headset. As a result, and exercising 
a high-degree of caution for our patients, a human therapist was present with 
patients during the treatment but were specifically instructed to act as a “com-
puter technician” and only intervene with supportive therapy if necessary. At 
the close of the clinical trial we inquired via survey with our VRET therapists 
whether they had provided any basic or more advanced emotional support to 
their patients and we did identify that a small percentage of all VRET patients 
received psychologist-level assistance (approx. 10%). It should be noted that 
other than supportive therapy, the most a clinical psychologist could have 
done in this context was offer cognitive restructuring and reminding patients 
of the treatment rationale. Given that some prior meta-analyses have sug-
gested that non-exposure treatments are likely no more efficacious than pla-
cebo-controls (Wolitzky-Taylor et al., 2008), actual benefits are likely to be 
limited. Still future trials will want to explore whether patients can carry out 
these automated exposures entirely by themselves.    

 
 A final remaining question is the quality of the reference treatment (in-vivo 
exposure therapy) administered to the patients. This is critical given that the 
efficacy of the VRET treatment was compared only to in-vivo exposure ther-
apy and like most non-inferiority designs the clinical trial did not contain a 
wait-list control group. The in-vivo exposure therapy used in this trial was 
OST which is considered a highly efficacious treatment, despite being con-
ducted over only a single session (Zlomke & Davis, 2008). The therapists con-
ducting this treatment were all Masters-level students in their last stages of 
clinical training as psychologists and thus had ongoing or completed video-
taped CBT treatments under supervision; they were also trained particularly 
for this trial by a licensed psychologist and psychotherapist with specific ex-
pertise conducting OST. Supervision was also conducted in groups with all 
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therapists by the licensed psychologist to discuss the administration of treat-
ments and their own learning. Where this study may have differed from past 
OST trials is that protocol therapists were not tested on their ability to conduct 
OST in order to qualify for participation in the study, for example using an 
Öst developed rating scale for therapist competency in OST (Öst, 2012, p. 
171), and treatment sessions were not recorded for adherence to methodology 
by an external reviewer.  
 

Nevertheless, it is still possible to compare uncontrolled (within-group) ef-
fect sizes in this study to previous studies. A systematic review of OST 
(Zlomke & Davis, 2008) including spider phobia specific studies identified 
uncontrolled effect sizes for self-reported fear (SPQ) of between Cohen’s d = 
3.05 and 2.84 in two studies by Öst using therapist directed treatments. In this 
study, uncontrolled effect sizes according to the SPQ are similar at post-treat-
ment (d = 2.72) but perhaps slightly lower. It should be noted they are still 
higher than a more recent study (Andersson et al., 2009a), which obtained an 
effect size on the SPQ of Cohen’s d = 2.58 in their OST treatment for spider 
phobia at post-treatment. In regard to BAT as an outcome measure, effect sizes 
cannot be computed for many prior studies due to standard deviation not being 
included, however OST treated participants in Andersson et al. (2009a) ob-
tained a Cohen’s d effect size = 2.73 on this measure. This is higher than the 
effect size on the BAT of OST participants in this study (d = 2.39).  

 
Even if the quality of the implemented OST was slightly worse than previ-

ous clinical trials, given the supervisory oversight and additional training in-
cluded here, it is likely that the OST received by patients was on par or supe-
rior to treatments that would be conducted in a community setting. It should 
be acknowledged that although the clinical practice of OST looks alluringly 
simple because of its short format, many treatments may be required before 
the therapist optimizes outcomes. In Ollendick et al., (2009), the efficacy of 
OST in their RCT with 196 phobic youth aged 7-16 was reported as good 
(approx. 50% were diagnosis free at post- and follow-up) but was still far 
lower than outcomes obtained in a prior pilot study (approx. 80% clinically 
significant change). The author suggested this was as a result of the extensive 
experience of therapists in the pilot study (mean 8.5 years post-CBT training), 
and whereas therapists in the RCT met all treatment adherence and compe-
tence measures indicating mastery of OST and were also trained and super-
vised by the creator of the treatment itself, had previously limited experience 
conducting OST before participating in this trial.  
 
 Finally, selection of the non-inferiority margin is worth discussing. The 
non-inferiority margin is the maximum allowable difference between a novel 
and reference treatment required to be able to refer to the novel treatment as 
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not inferior to the comparator. The rationale of non-inferiority trials is there-
fore to show that a novel treatment is similar in treatment effects to a pre-
existing often gold-standard treatment but with added benefits such as lower-
cost, greater safety, or fewer sessions. As noted in Piaggio et al. (2012), the 
CONSORT extension statement for reporting non-inferiority and equivalence 
trials, there is no one way of specifying the non-inferiority margin, although 
defining the margin is frequently considered among the most difficult deci-
sions that has to be taken (Wiens, 2002). In most cases, however, the smallest 
value of clinically important effect is the margin selected (Piaggio et al., 
2012). This is in contrast to superiority studies in which finding no significant 
difference between treatments (i.e. p > .05) does not provide indication of 
clinical relevance; such a decision requires separate consideration (The Euro-
pean Agency for the Evaluation of Medicinal Products, 2008). If the non-in-
feriority margin selected is too small than an unnecessary expenditure in terms 
of participants and resources will have been used to determine the difference 
between two treatments, and if the criteria too large than suggesting non-infe-
riority with the comparator is meaningless. In this study a non-inferiority mar-
gin of 2 points on the in-vivo BAT was selected, which had been used in past 
spider phobia studies (e.g., Andersson et al., 2009a and Garcia-Palacios et al., 
2002) to determine minimum clinically significant change, and was based on 
an earlier analysis of existing data (Öst et al., 1998). Non-inferiority was then 
calculated using the confidence-interval approach recommended by Piaggio 
et al. (2012), with non-inferiority identified according to the lower-bound of 
the confidence interval difference score, and the upper-bound used to deter-
mine whether the difference score crosses null (i.e., was not worse). Piaggio 
et al. (2012) suggests that often a 1-sided 97.5% confidence interval (i.e., 2-
sided 95% CI) is the one selected, however if a 1-sided 5% significant level is 
deemed acceptable, a 90% 2-sided confidence interval can also be used as was 
done in this study.  

The challenges and future of automated VRET 
 

Automated VRET is a promising means of scaling up exposure therapy, by 
providing access to a fully contained evidence-based treatment for any indi-
vidual with a virtual reality device (Lindner et al., 2017). This is in contrast to 
the current situation where only highly trained individuals are qualified to con-
duct exposure therapy (normally clinical psychologists) and fewer still are in-
terested or willing to provide this evidence-based treatment (Deacon et al., 
2013; Olatunji et al., 2009). While the studies in this thesis have shown that 
individuals are able to derive benefit from this treatment, which was not infe-
rior to gold-standard in-vivo exposure therapy over long-term follow-up, it 
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remains unclear whether an individual receiving this treatment at a local com-
munity healthcare center or in their own home would obtain similar positive 
results.  

 
Other unknowns include the relative novelty of virtual reality, which at the 

start of the clinical trial was at a peak and still remains high (Lindner et al., 
2017), however could lessen over time as it has done before. The credibility 
and expectancy of a treatment has been shown to relate positively to its effi-
cacy (Devilly & Borkovec, 2000) and time will tell whether interest in and 
expectations about virtual reality and related technologies remains high. Nev-
ertheless, VRET treatments as this thesis report have now over more than 20 
years of testing proven efficacious even during periods when its novelty has 
lessened, therefore the continued ability of the technology to administer ben-
efits to patients seems plausible. One aspect of the relationship between virtual 
reality and society that has not changed over 20 years, but soon might how-
ever, is once virtual reality proliferates to the point at which it becomes as 
common as using a computer or smartphone. Facebook and its founder Mark 
Zuckerberg particularly are famous for stating the goal of getting 1 billion 
people using virtual reality devices (Morris, 2017), and the prices and quality 
of these devices are improving. Will it be possible for individuals with specific 
phobia to be treated with VRET created by small independent developers once 
they become accustomed to the visuals and interactivity of the equivalent of 
triple-A computer game? Time will tell. 

 
As suggested by Jaron Lanier in his book Dawn of the new everything: 

encounters with reality and virtual reality (Lanier, 2017) what virtual reality 
is will always be superior what it is currently capable of. As virtual reality 
improves, it trains individuals to become more discerning users of the tech-
nology. To someone in the 1990s the giant polygons and low-resolution 
screens of virtual reality were impressive, to someone now they might be 
nearly impossible to view for any length of time. Current cutting-edge tech-
nologies exist today such as ray-tracing, which simulates the physical proper-
ties of light as opposed to rasterized graphics which layer pixels on a mesh of 
polygons and triangles. They may take hours or days of processing time to 
compute a static image (although that is rapidly changing) but produce scenes 
that are largely indistinguishable from photographs of real objects (Scarfe and 
Glennester, 2019). However, close observation of even these new technolo-
gies may eventually be seen to be insufficient. Jaron Lanier suggests that what 
is actually occurring is that individuals are becoming more discriminating us-
ers of our own sensory systems capacity to perceive. Perhaps, this is similar 
to the still constant and rapid improvement of picture taking technology where 
despite nearly two hundred years of invention and progress we still continue 
to notice improvements.  
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Even if VRET applications never meet the same visual standards as video 
games, efficacy may still be more dependent on the quality of the psycholog-
ical theory integrated into the software, than how highly detailed the stimuli 
are. If stimuli already return natural reactions from a patient than any addi-
tional increase in realism may provide only diminishing returns (Scarfe & 
Glennerster, 2019). Similar to how improvements in traditional in-vivo expo-
sure therapy have unfolded over generations, what is quite likely is that rather 
than a one-size-fits-all generic VRET application for treating spider phobia, 
we will begin to see tailoring between different specialized components within 
applications based on individual unique fears or cognitive distortions. For ex-
ample, some categories of spider phobic patients may be particularly sensitive 
to the movements of spiders whereas others high in disgust proneness may 
benefit from viewing other individuals touching a spider, triggering a fear of 
spreading contagion. As Öst has recommended in past guidance, focusing 
treatments on unique fears rather than a broad-based approach are likely to 
improve outcomes. Given the flexibility in coding virtual reality simulations 
and environments, evaluating the possible improved efficacy of targeting 
unique fears or cognitive distortions versus a generic approach, is a theoretical 
question that future research will be able to answer.  

 
Ultimately, the most hopeful future for VRET may lie not in perfecting the 

treatment for individual unique idiosyncratic fears and information processing 
biases with ever greater precision, however warranted this is; but ensuring that 
the basic psychological tools that have been incorporated into this technology 
for decades may reach as many individuals as possible. There is the real pos-
sibility that in the future algorithmic-supported VRET (Bălan et al., 2020) that 
uses machine learning to automatically categorize patients and optimize their 
treatment, but are based on large datasets from users in Western countries, will 
create treatments perfectly suited to individual high-income patients but less 
appropriate for those in lower income brackets or in other regions of the world. 
Even the treatment for spider phobia included here may be considered opti-
mized to a Western population given the use of an environment incorporating 
a classic Swedish row house and interior common to more affluent European 
countries. This may be resolved in the future using augmented reality which 
projects phobic stimuli directly onto whatever is in the individual’s current 
physical environment. These technologies are currently undergoing rapid ad-
vances in their basic technology (e.g., Microsoft Hololens), and have shown 
in past studies similar efficacy as compared to in-vivo exposure therapy for 
small animal phobias (Botella et al., 2016). 

 
In high-income countries where individuals generally have access to high-

quality psychological care, VRET may prove a worthwhile first step for treat-
ing their specific phobia and which can continue on with self-exposures or a 
visit to a clinical psychologist if necessary. On the other hand, in low and 
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middle-income countries automated VRET may be one of the few efficacious 
treatments for specific phobia that are available. Effort will need to be made 
to ensure that despite clinical research and information technologies ever-ex-
panding ambitions for cutting edge evidence-based treatments, we will con-
tinue to develop treatments that are effective even in low-cost virtual reality 
devices and affordable by rural clinics, hospitals and one day the majority of 
individuals. In that way we will continue a tradition started by some of the 
great researchers in this field such as Lars-Görgan Öst and others who made 
strong and innovative efforts to ensure that effective evidence-based treat-
ments could be disseminated as widely as possible.  
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“This was the first time that we actually 
escaped from the earth, and at that time I 
suddenly realized that everything in life is 
relative. When you’re in a room your world 
revolves around those walls, when you’re 
outside then your world revolves around what 
your eye can see, and suddenly when you’re 
in a spacecraft you think in terms of oceans, 
of islands”.  

James Lovell, Apollo Astronaut 
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