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Abstract 

Specific phobias are extremely common among adults. They are characterized by strong emotional 

reactions and avoidance behavior when exposed to the feared stimuli. Specifically fears concerning 

heights or animals such as spiders are highly prevalent, followed by fear of social situations such as fear 

of public speaking. The gold standard in treating specific phobias is exposure-based therapy. However, 

exposure-based therapy is limited in its practicability in clinical routine and poses a high hurdle for affected 

individuals. Virtual and augmented reality (VR/AR) smartphone apps offer attractive platforms to simulate 

exposure situations and by that increase the accessibility of mental health services in general. Thus, novel 

smartphone-based treatments hold the potential to facilitate the dissemination of exposure-based 

treatments for specific phobias. The studies presented as part of this thesis aimed at investigating three 

newly developed interventions for fear of heights, fear of public speaking and fear of spiders, using the 

currently available advanced technologies. 

In the first study (Bentz et al., 2021), a stand-alone, automated and gamified VR exposure app 

Easyheights was developed using 360° images. The app’s effectiveness to reduce fear of heights and 

avoidance behavior was investigated in a randomized controlled trial in an adult population with clinical 

and subclinical fear of heights. The repeated use of the app led to reduced fear and avoidance behavior in 

a real-life situation on a tower. 

For the second study (Müller, Fehlmann et al., 2022), the developed stand-alone, automated and 

gamified VR exposure app Fearless Speech aimed at reducing public speaking anxiety (PSA) and 

avoidance of eye contact. A virtual audience with 360° videos was used for the exposure and gaze 

control for the eye contact training. The app was investigated in a randomized controlled trial in healthy 

adults with subclinical PSA. After the repeated use of the app, participants showed reduced fear and 

improved eye contact in a real-life speech situation. 

The third study (Zimmer et al., 2021) examined the developed stand-alone, automated and 

gamified AR exposure app Phobys. In comparison to VR, AR has only recently been introduced to clinical 

research. The app was designed to reduce fear, disgust and avoidance behavior in adults with clinical and 

subclinical fear of spiders. The results of the randomized controlled trial showed that repeatedly using the 

app led to reduced fear, disgust and avoidance behavior in a real-life situation with a real spider. 

The results of these studies support the potential of stand-alone, automated VR and AR 

interventions delivered through smartphone apps. The developed apps allow for a high-quality user 

experience with a highly realistic environment, gaze control for an easy navigation as well as the 

possibility of interaction. In addition, gamification elements foster engagement with the apps. All three 

investigated apps offer low-threshold and low-cost treatment for individuals affected by specific phobias. 

Testing the effectiveness of these newly developed apps in real-life settings sets them apart from previous 

studies. Hence, this thesis highlights the potential of using smartphone apps with immersive technologies 

to advance and disseminate exposure-based treatments for specific phobias. 
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“As technology evolves so does the need for humans to do the same. We accomplish this by 

overcoming things that keep us reigned in, things like fear.” (Mubarak, 2021) 

1 Introduction 

In today’s society there is an urgent need to pay more attention to mental health. One in five adults suffers 

from a mental health disorder at some point in their life (Steel et al., 2014). Worldwide, mental health 

disorders climb in their ranking for years lived with disability, leading to a higher need of health care 

resources (Vigo et al., 2016; Sporinova et al., 2019). The COVID-19 pandemic, among other factors, has 

highlighted the existing gaps in our health care system, especially in the resources available to deal with 

mental health problems (Baños et al., 2022). Although evidence-based psychological treatments are 

available for the general population, access to them remains difficult due to stigma, financial aspects, 

geographical or time limitations (Henderson et al., 2013; Harvey & Gumport, 2015; Thyloth et al., 2016). 

Digital mental health tools provide the opportunity to make psychological support accessible and 

engaging. Specifically, smartphone applications (apps) are an attractive platform to deliver personalized 

interventions with instant feedback and to process large amounts of data to share with clinicians and 

researchers (Alqahtani & Orji, 2020; Bhugra et al., 2017). Evidence on the efficacy of mental health apps 

has created a wave of enthusiasm and support, highlighting their potential and scalability (Chandrashekar, 

2018; Firth et al., 2017a, 2017b; Naslund et al., 2017). However, approximately 20’000 mental health apps 

currently available for download (Clay et al., 2021; Lagan et al., 2021; Torous & Roberts, 2017) are often 

untested, unreviewed and unsupported (Leigh & Flatt, 2015). Furthermore, most available apps on the 

market provide similar primary functions such as symptom trackers, mindfulness exercises or brain 

trainings (Neary & Schueller, 2018), suggesting the need to expand to new functionalities and features 

(Wisniewski et al., 2019). 

With the current consumer hardware available, immersive technologies like virtual and augmented 

reality allow such an expansion to create engaging, realistic and high-quality experiences (Lindner, 2021; 

Riva, 2022). Virtual reality (VR) has been used in the clinical setting for decades and research has 

accumulated to support its effectiveness as a successful intervention for several disorders, e.g. anxiety 

and eating disorders as well as addiction, aggression or pain management (Riva, 2022). Although the 

clinical application of augmented reality (AR) is investigated to a smaller extend, the results for its’ 

effectiveness in treating small animal phobia and substance abuse are promising, suggesting a potential 

as treatment for other disorders (Vinci et al., 2020a). 

The intervention research for specific phobias such as fear of animals, objects and situations has 

been of particular interest to explore the potential of immersive technologies in exposure-based treatment 

approaches (Baus & Bouchard, 2014; Eaton et al., 2018). Exposure in vivo experiences a dissemination 

problem despite its high efficacy and recommendation by several treatment guidelines in cognitive 

behavioral therapy (CBT) (Pittig & Hoyer, 2017). Smartphone apps using immersive technologies have the 

potential to become a game changer in this matter.  
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Therefore, the goal of this dissertation is to shed light on the current standards, potential and 

challenges of using advanced immersive technology in clinical research. Three studies contribute to the 

field of research utilizing the currently available technology for VR and AR smartphone apps for the 

treatment of three common specific phobias in adults. Two original research papers are presented in 

regard to VR. Study A) addresses fear of heights, entitled “Effectiveness of a stand-alone, smartphone-

based virtual reality exposure app to reduce fear of heights in real-life: A randomized trial”. For this study 

my contribution covers the assistance in conceptualization of the VR training and the study design, 

collection of behavioral data and collaborative writing of the original manuscript. Study B) is devoted to

fear of public speaking, a common form of social anxiety, yet similar to specific phobias in symptoms. 

My contribution for this study entitled “Virtual reality-based gaze exposure treatment reduces fear of 

public speaking” covers the assistance in conceptualization of the VR training and the study design, 

collection of behavioral data and collaborative writing of the original manuscript. The third presented 

original research paper C) showcases the potential of AR to reduce fear of spiders, entitled 
“Effectiveness of a smartphone-based, augmented reality exposure app to reduce fear of spiders 

in real-life: A randomized controlled trial”. My contribution for this study covers the conceptualization of the 

AR training, collection and curation of the behavioral data, their formal analysis and writing of the original 

manuscript. 

2 Mental health apps 
Smartphone apps represent an innovative way to increase the availability of mental health services by 

overcoming barriers to traditional treatments such as cost, access, and stigma (Neary & Schueller, 2018). 

They offer an attractive platform to deliver mental health information and interventions to people in need 

for support and daily life data to clinicians and researchers (Bhugra et al., 2017). Psychotherapists and 

patients are open and interested to use apps to assist self-management of mental health (Proudfoot, 

2013; Torous et al., 2014). Also, industry and technology have recognized the potential of apps delivering 

support on mental health and well-being. The approximately 20,000 mental health apps currently available 

for immediate download from the app stores (Clay et al., 2021; Lagan et al., 2021) speak to their easy 

availability, as well as to the high interest (Torous & Roberts, 2017).  

Some mental health apps are designed to be used stand-alone without any further support or 

guidance. This can increase the user’s health literacy (Farrer et al., 2012; Taylor-Rodgers & Batterham, 

2014), self-management skills and self-efficacy (Christensen et al., 2006). Other apps can be combined 

with face-to-face therapy in a blended care setting (Wilhelm et al., 2020) or assist clinicians in their 

diagnosis and treatment suggestions (Labrique et al., 2013; Torous & Powell, 2015). It has been shown, 

that app-based interventions in blended care are more impactful in reducing symptoms than stand-alone 

(Huckvale et al., 2020). However, waiting-lists for psychotherapy are long, not meeting the need for 

immediate support. For example, in Germany, 28-63 % of people with various mental health disorders 

remain untreated (Mack et al., 2014; Wang et al., 2007). Therefore, stand-alone apps could bridge the 

long waiting-lists and additionally, have the potential to reach non-treatment-seeking patient groups and 

could reduce stigmatization (Eichenberg, 2011; Musiat & Tarrier, 2014; Neary & Schueller, 2018). 
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Even so, mental health apps still have a few hurdles to overcome before they can be widely 

integrated into clinical practice. Their real-world usage is typically not sustained over time and there is little 

research regarding which features increase engagement (Wu et al., 2021). Further, concerns about data 

security, privacy and interoperability for psychotherapy settings remain (Schueller et al., 2016). The 

regulations concerning mental health apps are challenging with different health care systems and laws 

worldwide (Vincent et al., 2015). Platforms evaluating apps or guidelines regarding their development and 

integration differ in their focus on e.g. treatment outcome, usability or market value, making it difficult to 

find the appropriate evaluation tool (Lagan et al., 2020, 2021). Further, there is a lack of evidence from 

app-specific studies with randomized controlled trials investigating their intended effects, e.g. reduction of 

specific symptoms or improved self-management. Existing studies generally show low quality in study 

design and differences in methodic design, which makes it difficult to compare them in order to evaluate 

and rank the investigated apps (Tønning et al., 2019). With the time-lag for the translation of evidence-

based research into health care practice (Kristensen et al., 2016), current research is not always reflected 

in the apps available in app stores. Furthermore, it has been described that there is no correlation 

between app ratings as well as popularity and the presence of evidence-based features (Kertz et al., 

2017). Additionally, many publicly available mental health apps in app stores use techniques with little to 

no evidence (Larsen et al., 2019). Although the research around mental health apps in general may 

expand the quality assurance of mental health treatments, the efficacy of the apps remains contested 

(Baños et al., 2022; East & Havard, 2015). Thus, the app marketplace demonstrates a high availability but 

a low evidence base (Leigh & Flatt, 2015), meaning that consumers often use unreviewed, unsupported 

apps for mental health care. 

Available apps offer a variety of functionalities, emphasizing on the potential to be used for self-

help or in combination with face-to-face therapy. The most prominent functionalities target self-

management, cognition improvement, skills-training, social support, symptom tracking or passive data 

collection addressing and amplifying all stages of clinical care (NIMH, 2017; Nahum-Shani et al., 2018). In 

response to active data collection with self-reports e.g. regarding mood, sleep, hallucinations, medication 

intake, substance use or social interactions, apps can deliver personalized, adaptive and immediate crisis 

interventions, preventions, diagnoses or treatments. The same can be done for passive data collection, 

also called digital phenotyping (Insel, 2017). For that, behavioral data is collected through smartphone 

sensors and device interactions, e.g. global positioning system (GPS), physical movement, text or 

scrolling activity, voice and speech analysis. This poses a promising field especially for prevention and 

personalized intervention (Bhugra et al., 2017; Huckvale et al., 2020; Price et al., 2014).  

In sum, smartphone apps with psychological information and interventions increase the availability 

and accessibility of mental health support. However, the large amount of mental health apps on the 

market are rarely backed up by scientific evidence, emphasizing the need for further clinical investigation 

of their indicated effectiveness. Additionally, new functionalities and features are needed to exploit their 

full potential to address the variety of mental health disorders (Wisniewski et al., 2019; Wu et al., 2021). 
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3 Immersive technologies 
The development and maturation of data processing speed and camera quality in smartphones have led 

to the possibility of displaying immersive technologies such as virtual and augmented reality (Lindner, 

2021). These technologies have also been described as mixed, digital or hybrid realities, where the user 

can dive into the simulation of an alternative environment of visuals and sounds, hence being immersed. 

Research is accumulating support for the potential of VR and AR in mental health and attracted the 

interest of investors and the general public (Luckerson, 2014; Castelvecchi, 2016) as well as the scientific 

community for clinical research (Riva, 2022). 

VR generates an immersive experience in a digital environment that replaces the user’s real-world 

environment with either computer-generated images (CGI) or 360° pictures and videos. This is typically 

achieved through wearing a head-mounted display (HMD) with integrated headphones and speakers, and 

continuously tracking the users head rotation and movement to interact with the environment (Scarfe & 

Glennerster, 2019). Modern VR HMDs allow navigation and interaction in the VR environment through 

sensors and trackers following the head and body movement, using joysticks or controllers and also gaze 

control through built-in eye-tracking (Park et al., 2019; Riva, 2022). The release of consumer VR platforms 

such as Oculus, HTC Vive, PlayStation VR, Google Daydream or Samsung Gear VR led to a paradigm 

shift in the capabilities and scalability of VR for mental health. Consumer VR was quickly adapted for the 

use in clinical research and mobile VR, also with low-cost cardboard solutions offered a unique platform 

for home trainings (Lindner, 2021; Riva, 2022). Additionally, the development of VR in general with 

increasing display resolution and reactivity to movement have reduced the side effect known as 

cybersickness, similar to motion sickness with symptoms of dizziness, nausea, headaches, disorientation 

and oculomotor symptoms (LaViola, 2000). Although consumer VR platforms became relatively popular, 

mass adoption is missing. Big companies stopped working on VR, arguing with high costs and low display 

solution leading to a drop for the development of games for VR in the gaming market (Korolov, 2014; 

Ebert, 2015; Castelvecchi, 2016). 

Augmented Reality (AR) is a variant of VR. While VR substitutes the existing physical environment 

with a virtual one, AR uses virtual elements to project into the existing environment in real-time (Azuma, 

1997, 2001). Headsets developed like the Google Glass or Microsoft HoloLens are capable of overlaying 

information and integrating virtual objects into the physical world, creating a form of mixed reality (MR) 

(Lungu et al., 2021). However, the development of smartphones benefits and drives the evolution, use 

and dissemination of AR, as it works without a headset but via a smartphone or a tablet (Vinci et al., 

2020a). A wave of interest and media attention for this technology occurred with the mobile game 

Pokémon Go, which was publicly played by people around the globe, attracting over 20 million daily users 

in the United States of America only a week after its release (Allan, 2016). It demonstrated the ability to 

integrate virtual objects into our real environment and aroused interest in researchers and clinicians for 

mobile AR (Baranowski & Lyons, 2020; de Souza e Silva, 2017; Vinci et al., 2020a). 

The currently available consumer hardware of headsets and smartphones therefore offers 

advanced methods to further evolve mental health treatments with VR and AR. Additionally, the COVID-19 

pandemic fostered not only the requirement of digital solutions for communication and work environments 
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but also for mental health support leading to another spark of interest in virtual platforms (Lindner, 2021; 

Riva, 2022; Roth et al., 2021). 

3.1 User experience in immersive technologies 

The advanced technologies available for VR and AR as well as their gaming and engaging character allow 

a high-quality user experience, which makes it a key feature to consider for both the consumer market as 

well as the clinical application (Lindner, 2021). Experiencing VR in comparison to AR is different, as VR 

substitutes the physical environment with a virtual one and AR projects virtual elements into the physical 

environment. Nevertheless, the instruments to qualify a user’s experience are the same in regard to three 

intertwined concepts, namely the feeling of presence, the level of realism and the degree of reality (Baus 

& Bouchard, 2014).  

Presence refers to the feeling of being there and is a key concept in virtual environments (Slater, 

2018). It is proposed to ensure that the experiences and responses generated in the virtual environment 

are similar to those in the real world (Sanchez-Vives & Slater, 2005). The level of realism describes the 

perceived overlap between the expectations of the user and the actual experience (Baños et al., 2000). 

Reality refers to the immersion and response to the stimuli being authentic. Thus, a higher level of realism 

should be associated with a higher level of reality (Baños et al., 2000) and is also a necessary component 

of presence (Schubert et al., 2001). 

Most studies have utilized VR stimuli consisting of CGI. However, CGI has inherently low 

representational quality and realism in VR environments is crucial to elicit greater levels of emotions and 

natural behavioral responses (Alsina-Jurnet et al., 2011; Slater et al., 2009). Moreover, the use of CGI 

avatars as a representation of humans in VR may increase the risk of the uncanny valley effect (Mori, 

1970). This effect describes the discomfort in viewers when exposed to artificial faces of avatars with a 

strong, yet imperfect resemblance to humans, which are being rated as unbelievable and uncanny 

(Burleigh et al., 2013). Nowadays, the smartphones used in combination with consumer VR platforms offer 

the possibility to display 360° images and videos for the virtual environment. Preliminary findings indicate 

that virtual environments with 360° material are rated as more realistic than CGI environments (Melo et 

al., 2018; Tarnawski, 2017).  

Even with the technological advances, it is still a challenge to create the VR environments as 

realistic as possible while still guaranteeing real-time interactivity. Here, AR offers new possibilities, 

eliciting a greater degree of realism by letting users see their own body and allowing a different immersive 

experience, since the user can interact with the virtual stimuli while remaining in the real world (Baus & 

Bouchard, 2014; Botella et al., 2005; Juan et al., 2005).  

As real-world usage of mental health apps declines over time and user engagement is low 

(Baumel et al., 2019), thus assuring a good user experience proves to be crucial. A recent meta-analysis 

demonstrates that implementing gamification features, such as points, badges, levels and avatars could 

increase compliance and engagement (Wu et al., 2021). Immersive technologies are well suited for 

gamification elements which could increase engagement and may even enhance the apps intended 
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effects (Cheng et al., 2019) as apps with a greater number of engagement features have larger clinical 

effects (Wu et al., 2021). 

3.2 Clinical application of immersive technologies 

The field of immersive technologies has shown how developments in technology have fueled clinical 

progress (Lindner, 2021). Virtual environments have been utilized to simulate complex situations for 

psychoeducational and interventional purposes in a variety of disorders, such as phobias, post-traumatic 

stress disorder (PTSD), eating and weight disorders, obsessive-compulsive disorder (OCD), psychosis, 

substance abuse disorders, social skills training as well as aggression or pain management with rapidly 

being expanded to other disorders  (Lindner, 2021; Riva, 2022).  

VR has been used in CBT since the 1990s, accumulating an impressive evidence base showing 

clinically relevant effect sizes in reducing symptoms and severity of several disorders (Freeman et al., 

2017; Lindner, 2021). AR has only recently been applied for therapeutic purposes and already the 

potential has been recognized (Cipresso et al., 2018; Vinci et al., 2020a). Although the dissemination of 

AR and VR varies for the treatment of different disorders, both immersive technologies have been used 

and investigated for decades to treat specific phobias, which will be the focus of the next chapters and 

also the field of research where our studies contribute with innovative and effective solutions. 

4 Specific phobias 
Anxiety disorders rank among the most frequent mental disorders (Jacobi et al., 2014; Kessler et al., 

2012). Specific phobias in particular are one of the most common ones with an estimated lifetime 

prevalence ranging from 3% to 15% (Eaton et al., 2018). They present themselves as irrational fears 

about situations, creatures, places or objects, categorized in fear of animals (e.g. spiders, insects, dogs), 

blood-injections-injuries (e.g. taking blood, dentists), natural environments (e.g. heights, storms, water), 

situations (e.g. flying, elevators, enclosed spaces) and other (e.g. vomiting, suffocating, buttons, costumed 

people) (APA, 2013). Specific phobias can be diagnosed with only a few questions asked by a clinician or 

survey with one criterion being that the individuals recognize their phobias as unreasonable. Self-reported 

measures are thus a valid assessment method (Eaton et al., 2018). However, not all affected fulfill the 

criteria for a clinical diagnosis. From the general population 50% to 70% report having at least one 

unreasonably strong fear, indicating a much higher prevalence of these fears than their consequent 

diagnoses (Curtis et al., 1998; Eaton et al., 2018; Stinson et al., 2007). 

When exposed to the feared stimuli, affected individuals experience an immediate emotional and 

physiological reaction with symptoms such as intense fear or disgust, panic, accelerated heart rate and 

sweating. This often results in a strong avoidance behavior of the feared stimuli to reduce stress and 

impairment (APA, 2013). Even though individuals with specific phobias realize the irrationality and even 

absurdity of their fears, the symptoms as well as the avoidance behavior are difficult to control, hindering 

them from doing a variety of daily life activities. This results in functional impairment, a negative impact on 

interpersonal interactions and quality of life in general (Bandelow & Michaelis, 2015). 
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The occurrence of specific phobias is more prevalent in Europe and Northern America than in 

Asia, Africa and Latin America (APA, 2013), with women being overall more affected, especially by animal 

phobias (Eaton et al., 2018; Schienle, 2021). There are several theories for their origin, which can differ 

from person to person. Additionally, the evolutionary point of view sees fear (and disgust) as a necessary 

emotion for protection against harm and danger, leading to a natural avoidance of certain objects, 

creatures or situations. Phobias can be caused by one or several traumatic events with the feared stimuli 

resulting in a conditioned fear response through a learning association between the stimuli and the fear 

reaction. Most phobias show an early onset with an average age between 7 and 10 years (Schienle, 2021; 

APA 2013) and can therefore also be explained by the model of behavioral learning, indicating the fear 

was learned by observing other people, e.g. parents (Eaton et al., 2018; Schienle, 2021). 

The most common specific phobias concern either heights or animals (Stinson et al., 2007), 

closely followed by fear of social situations (Michael et al., 2007). Fear of heights shows a lifetime 

prevalence of 20-30% in the general population with 5% meeting the criteria for a clinical diagnosis (Depla 

et al., 2008; Eaton et al., 2018; Huppert et al., 2013). The triggers are widespread and not only limited to 

natural environments such as mountains or cliffs, but also bridges, externally attached stairs or 

apartments, balconies and offices in high buildings (Davey et al., 1997). Fear of small animals is one of 

the most prevalent forms of specific phobias, especially in women. Numbers between studies highly vary, 

the lifetime prevalence is overall estimated to 5-12% (Becker et al., 2007; Curtis et al., 1998; Depla et al., 

2008; Fredrikson et al., 1996). Spiders especially trigger a strong fear in many people, highly intertwined 

with the feeling of disgust (Davey, 2011; Polák et al., 2020). Among one in 10 individuals will meet 

diagnostic criteria of social anxiety at some point in their lives (Kessler et al., 2012). A frequently reported 

situation where people experience a form of social anxiety also without a clinical diagnosis is public 

speaking anxiety (PSA) with prevalence estimates of 6.5% to 30% (Ruscio et al., 2008; Pull, 2012; Seim 

& Spates, 2019). PSA although belonging to the spectrum of social anxiety disorders (SAD) shows similar 

symptoms to a specific phobia (APA, 2013). In addition, PSA is associated with fear of negative 

evaluation and self-perception resulting in little participation in or avoidance or oral communication 

activities and speeches. Social interactions cannot be completely avoided and speeches and 

presentations are especially common in schools, universities and work places, leading to a variety of 

safety behaviors and coping strategies in affected individuals. Avoiding eye contact is a prominent safety 

behavior in socially anxious and even healthy adults when giving public speeches. Therefore, it has been 

postulated to be an important risk and maintenance factor in PSA (Chen et al., 2020; Moukheiber et al., 

2010; Schulze et al., 2013). 

Experiencing symptoms of specific phobias present a burden and an impairment in certain 

situations in daily life. Avoidance of the feared stimuli and applying safety behaviors can lead to an acute 

reduction of stress and impairment. However, if not treated, specific phobias can also take a chronic form, 

leading to a permanent presence of symptoms. Moreover, people affected by specific phobias have a 

higher risk for other anxiety disorders, secondary depression or substance abuse (APA, 2013). 
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4.1 Exposure therapy 

There are effective treatment approaches to reduce the phobic feelings and increase quality of life for 

those affected. Exposure in vivo is currently the gold standard for the treatment of specific phobias (APA, 

2013), describing a method which consists of confrontation with the feared stimuli until distress has 

decreased. Many studies have demonstrated that exposure-based treatments are among the most 

effective treatments for reducing fear and avoidance in specific phobias (Choy et al., 2007; Wolitzky-

Taylor et al., 2008). Exposure therapy can be performed in gradual stages through a fear hierarchy 

starting from the least fearful or with flooding starting with the most fearful stimulus or as systematic 

desensitization, which includes relaxation techniques (APA-SCP, 2017). The exposure process can be 

stretched over several sessions. Additionally, there are protocols for intensive one-session exposure 

therapies for several specific phobias, which last three to four hours and show highly effective results 

(Davis et al., 2012). The general aim is to create new learning experiences to help those affected manage 

their fear. Although manualized protocols exist, the treatment needs to be tailored to each individual in 

order to obtain positive long-term results (Bandelow et al. 2014.; Schienle, 2021; Davis et al., 2012). 

The fear reduction accomplished with exposure therapy can be explained through multiple 

psychological mechanisms. Habituation models propose that repeatedly entering and remaining in fear-

activating situations results in a reduced fear response (Benito & Walther, 2015; Groves & Thompson, 

1970). The emotional processing theory states that confrontation with fearful situations provides additional 

information, restructuring the cognitive representations of the feared stimuli as being harmful or dangerous 

(Foa & Kozak, 1986). The model of extinction learning – also called inhibitory learning – builds on the 

theory of fear conditioning. The fear reaction to the stimuli learned during conditioning is not eradicated 

through repeated exposure, but a secondary inhibitory association is developed, resulting in a decline in 

the conditioned fear response (Craske et al., 2014). Studies have also shown that the main predictors of 

treatment outcome in exposure-based therapies are the diminution of dysfunctional beliefs and the 

increase of self-efficacy (Côté & Bouchard, 2009; Tardif et al., 2019). For a significant reduction of fear, 

each of these mechanisms rely on situations optimally activating an individual’s fear-network (Choy et al., 

2007; Wolitzky-Taylor et al., 2008).  

Although the success of exposure-based treatments is supported by several studies and 

recommended in most international CBT guidelines for the treatment of specific phobias, exposure in vivo 

is rarely used in therapeutic settings due to several limitations, leaving many affected individuals 

untreated. Reasons most commonly entail issues regarding the practicability with unpredictable time 

management, location scouting or getting hold of the specific fear stimuli such as animals or an audience 

for social situation and negative beliefs, such as concerns about the superficial effectiveness of exposure 

and that the procedure might be too stressful for the patients (Cook et al., 2010; Pittig et al., 2019). 

Additionally, exposure can also be challenging for therapists, especially for trainees and the relatively 

unexperienced (Broicher et al., 2017). Even though the focus on training therapists in routine care of 

specific phobias has been associated with more frequent self-reported utilization of exposure (Broicher et 

al., 2017; Pittig & Hoyer, 2017) exposure is rarely utilized in non-university settings (Becker et al., 2004; 

Böhm et al., 2008; Cook et al., 2010) and psychotherapists often have reservations to conduct exposure. 
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Consequently, a substantial number of therapists do not incorporate exposure into their practice in the 

long run (Becker et al., 2004; Böhm et al., 2008). In addition, surveys over the last few decades show that 

approximately 60-80% of people suffering from specific phobias do not seek professional help (Boyd et 

al., 1990; Essau et al., 2000; Magee et al., 1996; Agras et al., 1969). They might have adapted their daily 

lives to their fear or are not willing to expose themselves to the feared stimuli voluntarily (Bandelow & 

Michaelis, 2015). Approximately 25% of the people who do seek treatment, refuse to do exposure therapy 

after learning what it entails (Garcia-Palacios et al., 2001, 2007). Further, there is a high drop-out rate of 

up to 45% for in vivo exposure treatment of adults due to low acceptance in the patients (Choy et al., 

2007). In addition, return of fear is a common risk even after successful exposure interventions (Côté & 

Bouchard, 2009; Mystkowski et al., 2002; Tardif et al., 2019). 

These various barriers illustrate the need for novel exposure-based treatment approaches that 

circumvent the raised limitations of conventional in vivo treatment, targeting individual, practical and 

systemic barriers. 

4.2 Virtual reality exposure therapy for specific phobias 

Many limitations of in vivo exposure can be addressed or minimized by virtual reality exposure therapy 

(VRET). VRET aims to transfer the patient’s exposure to the feared stimuli into a virtual environment, 

enabling certain advantages over exposure in vivo. Conducting the exposure treatment in VR leads to a 

reduction of the amount of logistic planning e.g. the duration of the exposure within a psychotherapy 

session as well as choosing or scouting the appropriate location and stimuli, which comes in hand with 

reduced cost. Additionally, VRET is more practicable for the psychotherapists by offering multiple, 

repeatable and adaptable scenarios as well as high controllability of the environment and stimuli (Maples-

Keller et al., 2017; Neudeck & Einsle, 2012). Moreover, those affected by specific phobias and fears have 

rated VRET as a more preferable treatment option than in vivo exposure (Garcia-Palacios et al., 2007), 

possibly lowering the hurdle to seek treatment. 

Recent research has shown that VR exposure can also be packaged as automated interventions 

relying on gamification components rather than a real-life therapist directing treatment (Donker et al., 

2019; Freeman et al., 2018; Lindner et al., 2020; Miloff et al., 2015) or incorporating a virtual therapist for 

guidance (Lambe et al., 2020; Miloff et al., 2020). These interventions have the potential to make a 

significant impact by addressing the large treatment gap (Alonso et al., 2018) and the delay in treatment-

seeking for anxiety disorders such as specific phobias (Wang et al., 2020). There is clear evidence for the 

effectiveness of therapy guided VRET in treating specific phobias (e.g., fear of heights, spiders or flying) 

and social anxiety disorder with comparable effect sizes to those of traditional CBT (Botella et al., 2017; 

Chou et al., 2021; Dellazizzo et al., 2020). Recent RCTs show promising results with significant symptom 

reductions in fear of heights and spiders as well as PSA with automated and gamified VRET (Donker et 

al., 2019; Freeman et al., 2018; Lindner et al., 2020, 2021b; Miloff et al., 2019). However, many studies 

on automated VRET do not investigate the effectiveness in a real-life setting, even if the transfer of the 

effects of VRET to real-life situations have been shown in the past (Morina et al., 2015). Additionally, 

standardization for VR is currently lacking, both in terms of development as well as in 
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treatment protocols. This makes direct comparisons between studies difficult, since different labs may 

have used different hardware, software or therapeutic procedures. Moreover, the majority of research on 

the efficacy of VRET have been conducted in an academic context. As a result, the effectiveness of VR 

psychotherapies in clinical practice is still unclear, which contributes to psychotherapists’ reluctance in 

adopting such novel treatments in their routine practice (Becker & Jensen-Doss, 2013).  

Surveys have shown that clinicians and psychotherapists have a generally favorable view of using 

VR in therapy, although they also reported fears about required training, handling the equipment, financial 

costs, and reported an overall low degree of acquaintance with the technology (Schwartzman et al., 2012; 

Segal et al., 2011). With the upcoming of consumer VR, these fears have decreased, although clinical use 

of VR is still rare and knowledge of VRET is still low (Lindner et al. 2019). The integration of VR into 

devices such as smartphones further increase the availability and accessibility of VR in everyday life. All 

the while the cost of equipment is becoming more affordable. All these factors could benefit the 

development and implementation of VR psychotherapies (Ma et al., 2021) presenting a paradigm shift 

also for clinical and public health applications of VR (Lindner, 2021). 

In sum, VRET offers an effective and feasible alternative to exposure in vivo. However, even with 

affordable consumer VR available the developed interventions have yet to be integrated into clinical 

routine, which indicates further research on their practicability and engagement. In our studies we 

investigated two VR smartphones apps for the highly prevalent specific phobia of fear of heights and the 

very common fear of public speaking. Study A) for fear of heights aimed at reducing fear and avoidance 

and additionally investigating the usability of the developed app EasyHeights. The investigation of the 

developed app called Fearless Speech in study B) is devoted to the reduction of PSA as well as the 

increase in eye contact when exposed to an audience. Both interventions offer fully automated and 

gamified exposure procedures with no further cognitive elements. They are designed as stand-alone 

home-trainings, without the need for additional guidance or support. Integrated gaze control is used for an 

easy navigation within the virtual environment and in study B) even as an intervention to increase eye 

contact. The studies additionally set themselves apart from previous studies on automated VRET by two 

features: The virtual environments are created by 360° images and videos instead of CGI to increase 

realism and in both studies the effectiveness of the VR apps is investigated in real-life settings in addition 

to subjective measures. 
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4.2.1 Effectiveness of a stand-alone, smartphone-based virtual reality exposure 
app to reduce fear of heights in real-life: a randomized trial 



ARTICLE OPEN

Effectiveness of a stand-alone, smartphone-based virtual
reality exposure app to reduce fear of heights in real-life:
a randomized trial
Dorothée Bentz 1,2, Nan Wang1,2, Merle K. Ibach1,2, Nathalie S. Schicktanz 1,2, Anja Zimmer 1,2, Andreas Papassotiropoulos2,3,4,5 and
Dominique J. F. de Quervain 1,2,5✉

Smartphone-based virtual reality (VR) applications (apps) might help to counter low utilization rates of available treatments for fear
of heights. Demonstration of effectiveness in real-life situations of such apps is crucial, but lacking so far. Objective of this study was
to develop a stand-alone, smartphone-based VR exposure app—Easy Heights—and to test its effectiveness in a real-life situation.
We performed a single-blind, parallel group, randomized controlled trial. We recruited 70 participants with fear of heights, aged
18–60 years. Primary outcome was performance in a real-life Behavioral Avoidance Test (BAT) on a lookout tower after a single 1-h
app use (phase 1) and after additional repeated (6 × 30min) app use at home (phase 2). After phase 2, but not phase 1, participants
in the Easy Heights condition showed significantly higher BAT scores compared to participants in the control condition (Cohen’s
d= 1.3, p= 0.0001). Repeated use of our stand-alone, smartphone-based VR exposure app reduces avoidance behavior and fear,
providing a low-threshold treatment for fear of heights.

npj Digital Medicine            (2021) 4:16 ; https://doi.org/10.1038/s41746-021-00387-7

INTRODUCTION
Fear of heights is a common problem with a lifetime prevalence of
around 20–30% and with around 5% of the general population
meeting diagnostic criteria of the American and international
classification for specific phobia (natural-environmental type:
heights)1–5. For those affected, exposure to height situations sets
off strong emotional and physiological reactions, such as intense
fear or panic and accelerated heart rate, often resulting in
avoidance of specific height triggers1,4. Compared to other
specific phobias, these triggers are widespread, including not
only unusual encounters as high mountains or cliffs, but also daily
life encounters, such as stairs, terraces, bridges, apartments, and
offices located in high buildings6. This might lead to a profound
impact on daily life and can result in functional impairment for the
sufferers. Affected people report a considerable impact on
interpersonal interactions and quality of life in general7.
Nonetheless, treatment seeking and uptake in clinical practice is

still limited3, despite existing treatment options with high success
rates for acute symptom improvement in up to 80% of patients.
The current gold-standard to treat fear of heights is in vivo
exposure therapy, where patients expose themselves with the
feared stimuli8,9. The lack of dissemination seems to be partly
rooted in the core element of exposure treatment, namely
‘exposure to the feared stimulus’. Not all individuals with specific
fears are willing to expose themselves to the feared stimuli
voluntarily10 or patients drop out of exposure treatment due to
low acceptance of in vivo exposure8. Additionally, psychothera-
pists often have reservations to conduct exposure11,12. Reasons
include liability issues and concerns that exposure might be too
stressful for their patients12. Moreover, exposure sessions are often
time intensive in preparation (e.g., selecting appropriate height
triggers) and conduction (e.g., travelling to reach height triggers).

Therefore, new modes of delivery for exposure that circumvent
the raised issues are warranted.
The implementation of virtual reality (VR), where individuals can

expose themselves to the feared stimuli in VR, has the potential to
counter many of the raised problems of in vivo exposure.
Triggering stimuli can be simulated in the therapy room of a
therapist at any time, which first reduces the preparation time for
exposure and second makes its use more flexible and for example
not dependent on time of day or weather conditions13.

Furthermore, patients have the possibility to expose themselves
in the comfort of the therapy room and there is evidence for a
higher willingness to expose themselves with virtual than real
triggers14,15. Therapists also see potential in the VR technology
and state various advantages as for example heightened
accessibility and control over fearful triggers16. Since the first
published study to treat fear of heights with VR in 199517,
evidence accumulated in favor of exposure in VR to treat specific
phobias with large effect sizes compared to control conditions
and a comparable efficacy of exposure in VR to in vivo exposure18.
Despite its good efficacy including transfer to real-life situations19

and high acceptability within patient and therapist populations,
exposure in VR is still mostly restricted to laboratories and
experimental studies13. Fear of potential technical difficulties and
monetary expenses for the VR equipment and software might be
reasons that only a minority of therapists offer VR treatment16,20.
Smartphone-based VR relying on a portable VR headset and a

conventional smartphone might be the solution for the current
dissemination problem of exposure in VR. Smartphone-based VR is
highly accessible due to low costs of necessary VR headsets and the
widespread use of smartphones in the general population.
Furthermore, digital marketplaces are already in place to enable
dissemination of VR exposure apps to practitioners or as self-help
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tool directly to sufferers. Smartphone-based exposure has all the
benefits mentioned for stationary VR and, in addition, it can be
conducted both in the therapy office without cost-expensive VR
gear and as stand-alone add-on in form of home-work in between-
sessions (blended treatment)21. Three studies (two of them with
smartphone-based interventions) are in favor of the idea that stand-
alone applications (apps) with exposure elements are beneficial to
reduce fear of heights in sufferers22–24. However, in these studies,
fear of heights was only assessed by self-reported measures (i.e., fear
of heights questionnaires), but not in real-life situations. Based on a
meta-analysis showing that VR effects on subjective fear as assessed
by questionnaires generally translate to real-life situations19, one
could speculate that the interventions of the published stand-alone
studies might also lead to fear reduction in real-life situations.
However, to convince sufferers with fear of heights of the
effectiveness of VR treatment, demonstration of fear reduction in
real-life situations is crucial.
Our study is a randomized controlled trial that sets itself apart

from the published smartphone-based interventions in the following
aspects: (1) We measure avoidance behavior and subjective fear in a
real-life height situation. (2) Our approach is solely based on
exposure without cognitive elements. (3) Our study includes both
individuals with either subclinical or clinical (DSM-5) fear of heights.
Our primary outcome is performance in a Behavioral Avoidance Test
(BAT) in a real-life situation, which is considered an objective
measure of fear25. Based on the published studies using VR exposure

treatment23,24, we expected large treatment effects in the BAT and
also in the secondary outcome measures, such as subjective fear on
the tower and fear of heights questionnaires, in our smartphone-
based VR intervention condition directly after a 1-h session and after
an additional prolonged home-treatment (6 × 30min) assessed at
3–5 weeks after app use as compared to the control condition.

RESULTS
Participant’s characteristics (study phase 1)
One hundred and six individuals were screened for trial participation,
of whom 29 were excluded after screening (Fig. 1). Consequently, 77
individuals were enrolled and underwent randomization, of whom
39 were allocated to use the Easy Heights app (intervention
condition) and 38 were allocated to the control condition. Seventy
participants (42 fulfilling DSM-5 criteria for specific phobia)
completed study phase 1 as planned and were analyzed. Participant’s
baseline characteristics were balanced across conditions (Table 1). In
study phase 1, two participants (one in the intervention condition,
one in the control condition) dropped out due to VR side effects.

Effects of acute use of Easy Heights (study phase 1)
The duration for Easy Heights app use for all participants of study
phase 1 was 60 min in total. Uptake of the VR heights exposure
was high in study phase 1 (100%).

106 assessed for eligibility  

29 not meeting inclusion criteria  

• medication intake (N=1) 

• BDI-II suicidal intention (N=2) 

• BDI-II >8 (N=13)

• restricted 3D sight (N=1)

• physical illness (N=2) 

• alcohol intake last 24 h (N=1) 

• BAT criteria phase 1 (N=9) 

22 analysed  

• BDI-II >8 at assessment visit (N=1)

• less than 4 VR sessions (N=1) 

• last VR training before assessment visit < 7 d (N=1) 

25 allocated to VR intervention  

39 allocated to Easy Heights
• withdrawal IC, side-effects VR (N=1) 

38 received allocated intervention 

• bad visibility during BAT on tower (N=4)

34 analysed  

25 allocated to control condition 

38 Allocated to control condition 

• exclusion procedural error (N=1) 

• withdrawal IC, side-effects VR (N=1) 

36 received allocated intervention 

36 analysed 

25 analysed  

77 randomized  

Phase 2 

Analysis 

9 excluded 
• no further interest (N=2) 

• BAT criterion phase 2 (N=7) 

11 excluded 

• no further interest (N=7)

• BAT criterion phase 2 (N=4) 

Phase 1 

Fig. 1 Flowchart of participants—CONSORT. BDI-II Beck Depression Inventory, BAT Behavioural Avoidance Test, VR Virtual Reality, IC
Informed Consent.
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Table 2 summarizes the mean scores of the primary and
secondary outcomes at post VR heights exposure in study phase 1
(acute use) with respective baseline calculated with values of all
participants of study phase 1, outcome data were missing from
one participant for our secondary outcomes AQ, DES, AES, ATHQ,
and mean subjective fear on the tower during the BAT.
The Easy Heights app users compared with the control condition

did not show significantly higher BAT scores immediately after
acute VR heights-exposure (F(1,64)= 0.74, p= 0.392, Cohen’s d=
0.21). For two secondary outcomes, the acute use of Easy Heights
showed beneficial effects: AQ (F(1,63)= 9.86, p= 0.003, Cohen’s d
= 0.77) and self-reported change of fear of heights (F(1,65)= 8.46,
p= 0.005, Cohen’s d= 0.71). These beneficial effects on fear
questionnaires in study phase 1 were independent of sex, age,
diagnosis, and baseline values (no significant interactions between
sex and condition, age and condition, diagnosis and condition,
baseline values and condition: all p > 0.08). No other significant
two-way interactions or main effects of condition on secondary
outcomes were detected (all two-way interactions p > 0.014; all
main effects of condition p > 0.063).

Participant’s characteristics (study phase 2)
Of the 70 participants from study phase 1, 59 were eligible to take
part in study phase 2 (Fig. 1). Ninety-six percent completed the full
intervention course of study phase 2 with at least 4 VR exposure
trainings with a minimum training duration of 20min. Uptake of
the VR heights exposure was high in study phase 2 (93%).

Effects of repeated use of Easy Heights (study phase 2)
After the additional home-treatment (mean total Easy Heights app
use in minutes: 170.59, SD 35.49) in study phase 2, spanning on
average over 15.00 days (SD 5.50), the use of the VR Easy Heights
app showed a beneficial effect on our primary outcome BAT score.
The intervention condition showed higher BAT scores compared
to the control condition 29.91 days [SD 13.20] after the last use of
the Easy Heights app (F(1,41)= 18.45, p= 0.0001, Cohen’s d= 1.28,
see Fig. 2a). The intention to treat analysis based on 76
participants (39 participants in the control condition and 37
participants in the intervention condition) confirmed the results
with higher BAT scores at assessment visit after repeated use of
the Easy Heights app in study phase 2 in the intervention
compared to the control condition (F(1,70)= 5.23, p= 0.025,
Cohen’s d= 0.53, pperm= 0.022).
Further, the intervention condition indicated less mean

subjective fear on the tower during the BAT (F(1,41)= 18.13, p=
0.0001, Cohen’s d= 1.27, see Fig. 2b), as well as significantly
higher self-reported change of fear of heights (F(1,41)= 19.08,

p= 0.00008, Cohen’s d= 1.32), and less fear of heights in our
questionnaires AQ (F(1,40)= 16.96, p= 0.0002, Cohen’s d= 1.25,
see Fig. 2c), and ATHQ (F(1,40)= 17.45, p= 0.0002, Cohen’s d=
1.26, see Fig. 2d). The intervention effects were independent of
sex, age, diagnosis, and baseline variable (interactions between
sex and condition, age and condition, diagnosis and condition,
baseline values and condition: all p > 0.047), with the exception of
the AES questionnaire (for further information about the AES and
deltas for all primary and secondary outcomes see Supplementary
Methods 1). No significant two-way interactions or main effects of
condition on DES were detected (all p > 0.115).

Table 2 summarizes the mean scores of the primary and
secondary outcomes at post VR heights exposure in study phase 2
after repeated use, with respective baseline calculated with values
of solely of participants of study phase 2, outcome data was
missing from one participant of for our secondary outcomes AQ,
DES, AES, and ATHQ).

DISCUSSION
We showed that our stand-alone, smartphone-based virtual reality
exposure app Easy Heights is highly effective in the reduction of
avoidance behavior and subjective fear in a real-life height
situation after repeated use. Furthermore, we found a reduction of
fear of heights in self-report measures already after a single 1-h
session with the app. Intervention uptake in the Easy Heights
condition was high in study phase 1 as well as the continuation
rate in study phase 2, indicating that the app was well accepted.
We assessed symptoms of simulation sickness in VR and found
them to be slightly higher in our Easy Heights condition compared
to the control condition. Nevertheless, with only 15% of the
maximal score of the simulation sickness questionnaire26, they
were still very low and due to the overlap between common side
effects of VR (simulation sickness) and fear symptoms the score of
the simulation sickness questionnaire in the exposure situation is
likely to be confounded by fear symptoms.
Findings of a meta-analysis on in vivo treatments of specific

phobia indicate an effect size of d= 1.19 and a meta-analysis on
VR treatments of specific phobia found a comparable effect size18.
With our stand-alone, smartphone-based VR exposure app Easy
Heights we found an effect size of d= 1.3 for the repeated use. In
this sense it compares well with the current gold-standard to treat
fear of heights, the in vivo exposure therapy, and with the
stationary therapist-guided VR exposure. It is also in line with
other stand-alone VR apps reporting large effect sizes as assessed
by questionnaires23,24. The strength of our study is that we
showed the benefits of our intervention in a real-life height
situation on the behavioral as well as the subjective level. We

Table 1. Baseline characteristics.

Easy Heights Control condition

Phase 1 (n= 34) Phase 2 (n= 22) Phase 1 (n= 36) Phase 2 (n= 25)

Age (years) 30.2 (9.8) 31.6 (11.4) 32.8 (11.3) 31.8 (11.1)

Women 15 (44%) 10 (45%) 19 (53%) 15 (60%)

Education

Master, master equivalent or higher degree 9 (27%) 5 (23%) 11 (31%) 8 (32%)

Bachelor degree 10 (29%) 6 (27%) 10 (28%) 6 (24%)

Vocational education 4 (12%) 2 (9%) 3 (8%) 2 (8%)

High school education 11 (32%) 9 (41%) 11 (31%) 9 (36%)

Obligatory schooling 0 (0%) 0 (0%) 1 (3%) 0 (0%)

DSM-5 diagnosis 21 (62%) 15 (68%) 21 (58%) 16 (64%)

Data are numbers of participants or mean (SD/percentages).
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Table 2. Outcome measures and differences between conditions.

Easy Heights n Control condition n Adjusted group difference (95% CI)a Effect size (Cohen’s d) p value

BAT score (primary outcome)

Phase 1

Baseline 11.1 (7.8) 34 9.6 (6.8) 36 — — —

Post intervention 15.2 (8.4) 34 12.7 (7.8) 36 0.9 (−1.2 to 2.9) 0.2 0.392

Phase 2

Baseline 8.6 (5.3) 22 7.2 (3.0) 25 — — —

Post intervention 14.4 (8.1) 22 7.1 (2.9) 25 6.7 (3.6 to 9.9) 1.3 0.0001

Mean subjective fear on the tower during the BAT (secondary outcome)

Phase 1

Baseline 4.1 (1.9) 34 4.1 (1.7) 35 — — —

Post intervention 2.3 (1.9) 34 2.8 (1.9) 35 −0.5 (−1.1 to 0.1) 0.4 0.081

Phase 2

Baseline 3.8 (2.0) 22 3.8 (2.0) 25 — — —

Post intervention 1.9 (1.7) 22 3.5 (1.8) 25 −1.6 (−2.4 to −0.9) 1.3 0.0001b

AQ anxiety subscale (secondary outcome)

Phase 1

Baseline 47.1 (19.1) 33 49.5 (17.4) 36 — — —

Post intervention 31.8 (19.0) 34 44.5 (22.3) 36 −10.5 (−17.2 to −3.8) 0.8 0.003b

Phase 2

Baseline 49.4 (19.8) 21 54.4 (14.4) 25 — — —

Post intervention 34.0 (15.1) 22 52.3 (17.3) 25 −15.6 (−23.2 to −7.9) 1.2 0.0002b

ATHQ total (secondary outcome)

Phase 1

Baseline 41.7 (7.8) 33 41.2 (8.9) 36 — — —

Post intervention 35.8 (10.7) 34 38.2 (12.4) 36 −2.5 (−6.1 to 1.1) 0.3 0.175

Phase 2

Baseline 41.3 (7.6) 21 42.6 (8.5) 25 — — —

Post intervention 35.1 (8.2) 22 42.2 (6.9) 25 −7.3 (−10.9 to −3.8) 1.3 0.0002b

AES total (secondary outcome)

Phase 1

Baseline 33.7 (5.2) 33 34.8 (5.7) 36 — — —

Post intervention 27.8 (6.7) 34 30.7 (8.0) 36 −2.6 (−5.5 to 0.4) 0.4 0.086

Phase 2c

Baseline

Females 36.1 (4.5) 9 37.5 (3.5) 15 — — —

Males 32.0 (5.4) 12 33.0 (7.0) 10 — — —

Subclinical 29.7 (4.9) 7 32.6 (7.1) 9 — — —

Clinical 35.7 (4.5) 14 37.4 (3.5) 16 — — —

Post intervention

Females 29.2 (9.1) 10 36.9 (5.4) 15 −7.4 (−12.8 to −2.0) 0.4 0.010

Males 29.7 (7.6) 12 31.9 (5.9) 10 −2.0 (−6.6 to 2.6) 1.3 0.374

Subclinical 27.9 (9.9) 7 31.6 (7.4) 9 −4.2 (−11.4 to 3.0) 0.7 0.224

Clinical 30.2 (7.4) 15 36.8 (4.3) 16 −5.6 (−9.5 to −1.7) 1.1 0.007b

DES total (secondary outcome)

Phase 1

Baseline 17.7 (4.2) 33 17.5 (5.1) 36 — — —

Post intervention 14.7 (4.7) 34 15.9 (5.8) 36 −1.5 (−3.2 to 0.1) 0.5 0.063

Phase 2

Baseline 17.1 (4.4) 21 18.9 (4.5) 25 — — —

Post intervention 15.0 (4.8) 22 16.6 (4.6) 25 −0.7 (−3.1 to 1.7) 0.2 0.564

Self-reported change of fear of heights (secondary outcome)

Phase 1

Post intervention 64.4 (12.7) 34 54.3 (13.5) 36 9.2 (2.9 to 15.5) 0.7 0.005b
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implemented an approach that was solely based on exposure with
no cognitive elements and included clinically diagnosed (DSM-5)
as well as subclinical individuals with fear of heights.
Our trial has several limitations. First, we recruited specifically

for a smartphone-based intervention to treat fear of heights that
might have led to a selection bias of participants willing to use
modern technologies for treatment purposes. Therefore, we do
not know how representative our study population is for the
general population. Second, study participation was only possible
for the German speaking population of Switzerland or neighbor-
ing Germany. Consequently, our app was solely tested on this
specific population with fear of heights. Nevertheless, we suppose
that the broad dissemination of smartphones worldwide, the
resulting familiarity with mobile technologies in combination with
the easy handling of the setup that we observed during the study
conduction (especially during the home-training without assis-
tance from the study team) are in favor of the generalizability of
our results to other populations with fear of heights. Additionally,
our Easy Heights app will be adapted to current VR systems and
made available at no costs in the English language. Third, we only

assessed fear of heights around 3–5 weeks after the last app use
and not at a later timepoint. Fourth, our intervention duration and
regime of first 1-h in study phase 1 and later 6 × 30min was
predefined and not compared to other intervention regimes.
Therefore, we have no information about optimal dose-response
relationship of our Easy Heights app. And last, we have no
experience on how well our results translate to clinical practice or
how well our Easy Heights app will be accepted in the general
population. We can only extrapolate from the feedback of our
participants that acceptability was high, but the treatment uptake
as a stand-alone intervention (downloadable app) or integration in
a blended treatment has to be further scrutinized.
To conclude, our results indicate that the repeated use of a

smartphone-based, stand-alone virtual reality exposure app leads to
large improvements in avoidance behavior and subjective fear of
heights both in a clinical and subclinical population. Low costs of
the necessary setup and easy accessibility of the app qualify it as a
useful addition to the current mental health care services as well as
a self-help option for people with subclinical fear of heights.

Table 2 continued

Easy Heights n Control condition n Adjusted group difference (95% CI)a Effect size (Cohen’s d) p value

Phase 2

Post intervention 65.9 (14.0) 21 51.5 (8.3) 25 14.6 (7.8 to 21.3) 1.3 <0.0001b

SSQ total (safety outcome)

Phase 1

Baseline 3.5 (3.7) 34 3.5 (3.4) 35 — — —

Post intervention 7.2 (4.2) 34 5.0 (4.2) 36 2.4 (0.5 to 4.3) 0.5 0.013

Data are mean (SD), unless otherwise indicated. Phase 1= after 1-h Easy Heights vs. 1-h virtual reality (VR) control intervention, Phase 2= after 1-h and 6 ×
30min Easy Heights vs. 1-h VR control intervention and no further intervention.
BAT Behavioral Avoidance Test, AQ Acrophobia Questionnaire, ATHQ Attitudes Toward Heights Questionnaire, AES Anxiety Expectancy Scale, DES Danger
Expectancy Scale, SSQ simulation sickness questionnaire.
aAdjusted for condition, diagnosis, sex, age and baseline measure (BAT score, Mean subjective fear on the tower during the BAT, AQ anxiety subscale, ATHQ
total, AES total, DES total). The difference was assessed by linear models.
bSignificant after Bonferroni correction (significance threshold p < 0.008 for secondary outcomes).
cMeans (SD) are displayed separately for sex and diagnosis, because of significant interaction between condition and sex as well condition and diagnosis.

0

10

20

30

Easy Heights Control Group

B
AT

a

0.0

2.5

5.0

7.5

10.0

Easy Heights Control Group

Su
bj

ec
tiv

e 
fe

ar

b

0

30

60

90

Easy Heights Control Group

AQ

c

0

20

40

60

Easy Heights Control Group

AT
H

Q

d

Fig. 2 Primary (Behavioral Avoidance Test, BAT) and secondary outcome measures (mean subjective fear on the tower during BAT,
Acrophobia Questionnaire, AQ, Attitudes Towards Heights Questionnaire, ATHQ at baseline (represented with blue bars) and at phase 2
post intervention (represented with yellow bars). a Behavioral Avoidance Test (BAT): The range of the BAT score is 0–28 (1 point was given
for reaching each platform and 1 point for looking down on each platform for 10 seconds). b Mean subjective fear on the tower during BAT:
Mean subjective fear was calculated from the fear levels assessed on the reached platforms after looking down for 10 seconds. The range of
the score is 0–10 (0= no fear to 10=maximum fear). c Acrophobia Questionnaire (AQ): The range of the AQ score is 0–120 with higher scores
indicating higher severity. d Attitudes Towards Heights Questionnaire (ATHQ): The range of the ATHQ is 0–60 with higher scores indicating a
more negative attitude towards heights. Means and standard errors are displayed.
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METHODS
Study design and participants
We performed a single-blind, parallel group, randomized controlled trial
comparing a smartphone-based VR height exposure app with a VR
condition without height exposure in study phase 1 and with no
intervention in study phase 2. For trial participation we recruited physically
healthy participants with clinical and subclinical fear of heights between
age 18–60 years from the German speaking general population of
Switzerland by print, radio and online advertisements. Participants were
enrolled in the study between October 16, 2018 and November 26, 2018.
We included individuals with fear of heights (subclinical: criteria A-E and G
but not F (distress/impairment), clinical: A–G of the DSM-51 criteria for
specific phobia, natural-environmental type: heights). We excluded
individuals if they were not fluent in German, received concurrent psycho-
or pharmacotherapy, were ever in treatment for fear of heights or
participated in another study, showed signs of at least mild depression
(Beck Depression Inventory II, BDI-II27 total score > 8) or suicidal ideation
(BDI-II item 9 > 0), had physical illnesses, restricted 3D sight or chronic
medication intake (except intake of oral contraceptives) and females if they
were pregnant. Participants were instructed to abstain from alcohol and
medication intake for 12 h and psychoactive substances (including
benzodiazepines) for 5 days before study days. Furthermore, to counteract
a possible ceiling effect in study phase 1, we excluded people who have
reached the highest possible platform of the tower and have given a fear
rating of 6 or smaller on a scale between 0 and 10 during our baseline
Behavioral Avoidance Test (BAT). For study phase 2 we excluded all
participants who have reached the highest platform during our post VR
intervention BAT (BAT score 27 or higher) in study phase 1, since there was
no further improvement possible. The study protocol including the
definition of primary and secondary outcomes and statistical analysis plan
was approved by the Ethic Committee of North-West and Central
Switzerland (EKNZ) before start of the study (October 16 2018). On
October 20 2018 the enrolment criteria concerning BAT performance were
updated and an interim analysis was included in the protocol. As the study
protocol was first set out to only study the acute use of the Easy Heights
app, we had to add study phase 2 to the study protocol to investigate the
repeated use. The adapted protocol version was approved by the EKNZ
before start of study phase 2 (February 17, 2019) (for further information
see Supplementary Methods 2). As the Swiss law (Ordinance on Clinical
Trials in Human Research) foresees the possibility of retrospective
registering to prevent that the registration of a trial (along with the
disclosed information) interferes with later patent filing, this option has
been chosen per default. The trial was registered on ClinicalTrials.gov on
July 1, 2019. However, the protocol (including primary and secondary
outcome measures and statistical analysis plan) has been predefined and
accepted by the official ethics committee (https://www.eknz.ch) before the
start of the study phases. Final data was collected on May 24, 2019.
All research has been performed in accordance with the Declaration of

Helsinki. All participants gave written informed consent for trial participa-
tion. Participants received a compensation of CHF 150 for their
participation in study phase 1 and CHF 300 in study phase 2.

Randomization and masking
After study inclusion, participants were randomly (stratified for the
presence of a DSM-5 diagnosis of fear of heights and sex) allocated to
the two treatment conditions (intervention condition: VR heights exposure
app vs. control condition: fear-unrelated VR tasks in phase 1, and no
treatment in phase 2, Fig. 1). Each eligible participant was allocated to one
of the four randomization lists (two lists for participants with subclinical
fear of heights (male/female) and two for clinical fear of heights (male/
female)). The first author of the manuscript prepared the randomizations
lists by means of random number tables. In these randomization lists
treatment conditions were block-randomized in blocks of four. Every block
of four included two times the allocation to each condition (intervention/
control condition).
Allocation concealment was given for the experimenter who enrolled

participants, as treatment allocation was made by a different experimenter.
Therefore, the experimenter who enrolled participants did not know in
advance which treatment the next person gets. The experimenter who
collected our primary and secondary outcome measures in the real-life
height situation was unaware of the group assignment of participants
(single-blind).

Procedures
After a potential participant contacted the study team, more detailed
information about the study along with the main inclusion and exclusion
criteria was sent by email. People who showed an exclusion criterion
during the subsequent online screening carried out via SoSci Survey28

were directly informed that they are not eligible for participation. Eligible
participants were contacted and scheduled for the study. Study phase 1
took part in the facilities and on the lookout tower of the Uto Kulm AG on
the Uetliberg near Zurich, Switzerland. The Uto Kulm AG provided the
minimum technological infrastructure necessary for study conduction and
use of the Easy Heights app namely electricity to charge the smartphones
and headphones. Before study enrolment, a study team member checked
all inclusion and exclusion criteria and collected basic demographic data,
including a baseline BAT. Subsequently, participants filled out question-
naires to collect baseline measures for their fear of heights. Afterwards
another study team member allocated the participants to one of the two
treatment conditions by filling in one of the four randomization lists
(depending on the presence of a DSM-5 diagnosis of fear of heights and
sex). Then participants filled out the Simulator Sickness Questionnaire
(SSQ)29 before starting the VR intervention accompanied by another study
team member (for detailed information on implemented questionnaires
and tests see Supplementary Methods 1 and information provided under
outcomes below).
For VR height exposure, we used Easy Heights, a stand-alone

smartphone-based VR height exposure app (for in-app content see Fig.
3a, b). The app was designed to be used without further assistance or
accompanying therapist, but it can also be integrated in a blended
treatment approach in a clinical context. The content of the VR exposure
app is based on a graduated behavioral exposure approach and includes
no psycho-educative elements and specific cognitive interventions (as e.g.,
challenging of cognitive distortions). According to the German evidence-
based guideline for the treatment of specific phobias exposure in vivo is
the treatment of choice for specific phobias, exposure in VR is evaluated as
second best option if in vivo is not available or possible30. Once the user
opens the Easy Heights app all the information on how to use the app is
given in written in 2D. The information starts with a short description of
the app content, it is explained that the 3D part of the Easy Heights app
consists of three different scenarios (rural mountain, cloudy weather, urban
town) in which the user is standing on a virtual platform (starting on the
ground level). The VR scenarios are based on 360° panoramic photos taken
by a drone at different heights and accompanied by sounds characteristic
to each VR scenario and level (e.g., sound of birds at lower levels of the
rural mountain scenario and wind sounds at higher levels were played in).
In each of the three scenarios 16 different height levels are available
(corresponding to a range of heights between 0 and 75m). Users proceed
from ground level to further levels according to a predefined exposure
scheme based on Subjective Units of Distress Scales (SUDS, “How big is
your fear at this level?”, scale 0= no fear to 10=maximum fear) (Fig. 3a).
Users have to stay at each level until their SUDS are 3 or below for two
consecutive ratings. After completing one level the users are reinforced
with a yellow balloon for each level they completed (one balloon up to 15
balloons with completing the last level of each scenario) as well sound
effects accompanying the movement of the virtual platform upwards
(gamified reinforcement elements). SUDS are assessed continuously
throughout the three exposure sessions. The first rating is prompted after
10 seconds at each level followed by at least two more SUDS in each
situation. SUDS are given by the user via gaze selection. Each exposure
session is terminated by the time limit of 20 min, irrespective of achieved
level, for study phase 1 and 30min for study phase 2.
During study conduction achieved levels, SUDS, date and time of Easy

Heights app use were stored locally for later analysis. The stored data were
deidentified and only the experimenter was able to link the data on a
smartphone to a specific participant. Each smartphone was numbered and
the allocation to a specific participant was recorded before handing it out
to the participant. Data were only collected for study purposes and there
will be no data collection in the Easy Heights app that will be made publicly
available later on.
For the VR height exposure intervention participants were given

Samsung smartphones with a preinstalled Easy Heights app, noise
cancelling headphones and a Google Daydream View version 2 VR
headset (Fig. 3c shows a member of our division wearing the setup) to
enable 100-degrees stereoscopic view and a controller for the headset (for
further information of the VR setup see Supplementary Methods 3).
For a smooth integration of the Easy Heights app use into our study

course an experimenter gave some assistance for the use of the material
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and some verbal instructions that are also given in written within the app.
Participants were assisted with putting on the portable VR headset and
were instructed to stand still on a chosen spot and only move their upper
part of the body and their head while in VR. Between each 20min
exposure sessions participants had a 5min break and were offered
something to drink. Participants of the control condition received the same
devices. Their task was to use the Google Street View app that was
preinstalled on the smartphones given to them and to explore three
predefined virtual scenarios (Iglou visitor center, Versailles, cubic houses) in
VR31. The three chosen Google Street View scenarios were selected,
because they did not include any height stimuli. Participants of the control
condition were not prompted to give SUDS and were allowed to explore
each scenario at their own pace by teleporting themselves with the
controller.
After completion of all three VR sessions, participants filled in a second

SSQ. Afterwards they completed a second BAT on the Uetliberg lookout
tower (Fig. 3d) and filled out the same questionnaires on their fear of
heights and indicated on a scale self-reported change of fear of heights
their subjective improvement after app use. Additionally, they filled out a
questionnaire on presence in VR and a VR app acceptability and usability
scale. At the end of study phase 1, participants were assessed for adverse
events and sent home, if no safety concerns were present.
Participants of study phase 1 that did not climb the highest platform

during our post VR intervention BAT were offered to take part in study
phase 2. Study phase 2 comprised for the intervention condition an
additional home-treatment spanning over two weeks concluding with an
assessment visit at the Uetliberg 3–5 weeks after cessation of the home-
training and for the control condition no further intervention and only an
assessment visit at the Uetliberg. Eligible participants that showed interest
in participation were reassessed with a second online screening for main
inclusion and exclusion criteria concerning their health status and gave
written informed consent to take part in study phase 2. Afterwards
participants of the intervention condition received via mail a Samsung
smartphone with a preinstalled Easy Heights app, as well as standard
accessory charger and headphones and a headset with controller.
Participants were instructed to use the Easy Heights app six times within

14 days. Participants were allowed to train on any day they wanted with
the restriction to train only once a day. The sequence of the scenarios was
predetermined (2× rural mountain, 2× cloudy weather, and 2× urban
town). Each scenario lasted for 30min. Participants were instructed to
stand still on a chosen spot and only move their upper part of the body
and their head while in VR.
At the assessment visit in study phase 2 at the Uetliberg Uto Kulm

facilities, we first checked for alcohol, medication and psychoactive

substances intake, and depressive symptomatology as well as suicidal
ideation. Afterwards, we conducted another BAT similar to the first two
BATs in study phase 1 and participants again filled out the same
questionnaires about their fear of heights as well as the scale on self-
reported change of fear of heights.

Outcomes
Our primary outcome was performance in the real-life BAT on a lookout
tower with 14 platforms. During the BAT, participants were instructed to
walk up the Uetliberg Tower as far as their current fear allowed and to look
down to ground level on each platform for 10 seconds (for further
information about procedure of the BAT see Supplementary Methods 1).
The BAT score ranged between 0 and 28 (1 point was given per platform
reached and 1 point for looking down on each platform for 10 seconds).
Our secondary outcomes were mean subjective fear on the tower during

the BAT as calculated from the fear levels (indicated by participants after
looking down on each platform for 10 seconds based on SUDS, Subjective
Units of Distress Scale) assessed on the reached platforms during the BAT
(for further information about the calculation of mean subjective fear on
the tower during the BAT or the other secondary outcomes see
Supplementary Methods 1) (range 0–10 with higher scores indicating
higher subjective fear), the Acrophobia Questionnaire (AQ) (range of 0–120
with higher scores indicating higher severity)25, the Attitudes Towards
Heights Questionnaire (ATHQ) (range of 0–60 with higher scores indicating
a more negative attitude)32, the Anxiety and Danger Expectancy scales
(AES/DES) (range of 10–50 for AES and range of 5–25 for DES with higher
scores indicating higher severity)33, and self-reported change of fear of
heights measured by a single visual analogue scale (range 0–100, 0= a lot
worse, 50= no change and 100= a lot better).
Primary and secondary outcomes were evaluated before the first

(baseline) and directly after the single VR intervention in study phase 1,
and on the assessment visit, scheduled 3–5 weeks after the last use of the
Easy Heights app during study phase 2.
The Simulator Sickness Questionnaire (SSQ) was implemented to assess

side effects of the VR exposure (range 0–48 with higher scores indicating
higher severity)29.

Statistical analyses
We applied a per-protocol analysis, our data were analyzed with R studio
version 3.6.234 and validated by a second statistician.
We applied linear models (nlme-package)35 in combination with ANOVA

(SS II). Study phase 1 and 2 were analyzed with separate linear models.

a) b)

c) d)

Fig. 3 Virtual Reality exposure app and real-life testing. a In-App content of the Easy Heights mountain scenario on the ground level and b
an advanced level from the perspective of the user. c Equipment of the study worn by a team member (written informed consent for reprint is
given): an android smartphone with a preinstalled Easy Heights app, noise cancelling headphones and a Google Daydream View version 2 VR
headset. d The lookout tower where our Behavioural Avoidance Test (BAT) was conducted.
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Dependent variables were our primary outcome BAT score and our
secondary outcomes mean subjective fear on the tower during the BAT,
AQ, ATHQ, AES, DES, and self-reported change of fear of heights.
Independent variable was the between-subject factor condition (interven-
tion or control). Baseline measures of our primary (BAT score) and
secondary outcomes (mean subjective fear on the tower during the BAT,
AQ, ATHQ, AES, DES) from study phase 1 were included as covariate.
Further, sex, age, and diagnosis (clinical/subclinical) were entered as
covariates/cofactors. Covariates/cofactors were included as main effects,
and as two-way interactions with condition. In case of no significant
interactions between covariates/cofactors and the factor condition on
dependent variables, the two-way interactions were removed from the
statistical model.
Furthermore, to account for loss of participants between study phase 1

and study phase 2, we conducted an intention to treat (ITT) analysis for our
primary outcome BAT score using the same linear model specified above.
For missing outcomes, we applied the method Last Observation Carried
Forward (LOCF) including the last available value of every subject that was
reliably assessed. Group assignment was maintained according to
randomization for participants entering the ITT36,37.
We present results as mean (SD) for the intervention and control

condition, and associated two-sided p values, as well as adjusted group
difference with 95% CIs (emmeans-package). Due to our six secondary
outcomes, we set the significance threshold to p < 0.008 (Bonferroni
correction for six independent tests) for the secondary outcomes. We
estimated Cohen’s d as effect size measurement. The estimate of d was
based on t values of the linear models. Therefore, d is corrected for the
effects of all confounding variables included in the linear model. By
convention, d= 0.2 is considered to be a small, d= 0.5 to be an
intermediate and d= 0.8 to be a large effect38. According to previous VR
exposure studies to treat fear of heights we expect large effect sizes39. The
estimation of N= 80 is based on a power analysis using an ANCOVA with
fixed effects assuming to detect a large effect size (f= 0.5) with a power of
80% at α= 0.05 (software: G-power 3).
No data monitoring committee oversaw the study. A clinical trial

monitor oversaw data collection and entry according to a written
monitoring plan approved by the IEC before trial conduction. The trial is
registered at ClinicalTrials.gov with the Identifier: NCT04003753.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

DATA AVAILABILITY
Deidentified data generated during and/or analyzed for the current study are
available from the corresponding author on reasonable request.

CODE AVAILABILITY
The Easy Heights software code is available from the corresponding author upon
reasonable request for academic purposes. The Easy Heights app will be made
publicly available at no costs in the English language.

Received: 24 August 2020; Accepted: 6 January 2021;

REFERENCES
1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental

Disorders 5th edn. (APA Press, Washington, 2013).
2. Depla, M., Have, M., Balkom, A. & Graaf, R. Specific fears and phobias in the

general population: results from the Netherlands Mental Health Survey and
Incidence Study (NEMESIS). Soc. Psychiatry Psychiatr. Epidemiol. 43, 200–208
(2008).

3. Huppert, D., Grill, E. & Brandt, T. Down on heights? One in three has visual height
intolerance. J. Neurol. 260, 597–604 (2013).

4. World Health Organization. The ICD-10 classification of mental and behavioural
disorders: diagnostic criteria for research (WHO, Geneva, 1993).

5. Eaton, W. W., Bienvenu, O. J. & Miloyan, B. Specific phobias. Lancet Psychiatry 5,
678–686 (2018).

6. Menzies, R. G. in Phobias: A Handbook of Theory, Research and Treatment (ed.
Davey, G. C.), pp. 129-138 (Wiley, Chichester, 1997).

7. Schäffler, F. et al. Consequences of visual height intolerance for quality of life: a
qualitative study. Qual. Life Res. 23, 697–705 (2014).

8. Choy, Y., Fyer, A. J. & Lipsitz, J. D. Treatment of specific phobia in adults. Clin.
Psychol. Rev. 27, 266–286 (2007).

9. Wolitzky-Taylor, K., Horowitz, J., Powers, M. & Telch, M. Psychological approaches
in the treatment of specific phobias: a meta-analysis. Clin. Psychol. Rev. 28,
1021–1037 (2008).

10. Öst, L. One-session treatment for specific phobias. Behav. Res Ther. 27, 1–7 (1989).
11. Cook, J., Biyanova, T., Elhai, J., Schnurr, P. & Coyne, J. What do psychotherapists

really do in practice? An Internet study of over 2,000 practitioners. Psychotherapy
(Chic.) 47, 260 (2010).

12. Pittig, A., Kotter, R. & Hoyer, J. The struggle of behavioral therapists with expo-
sure: self-reported practicability, negative beliefs, and therapist distress about
exposure-based interventions. Behav. Ther. 50, 355–363 (2018).

13. Botella, C., Fernández-Álvarez, J., Guillén, V., García-Palacios, A. & Baños, R. Recent
progress in virtual reality exposure therapy for phobias: a systematic review. Curr.
Psychiatry Rep. 19, 42 (2017).

14. Garcia-Palacios, A., Hoffman, H., See, S., Tsai, A. & Botella, C. Redefining ther-
apeutic success with virtual reality exposure therapy. Cyberpsychol. Behav. 4,
341–348 (2001).

15. Garcia-Palacios, A., Botella, C., Hoffman, H. & Fabregat, S. Comparing acceptance
and refusal rates of virtual reality exposure vs. in vivo exposure by patients with
specific phobias. Cyberpsychol. Behav. 10, 722–724 (2007).

16. Segal, R., Bhatia, M. & Drapeau, M. Therapists’ perception of benefits and costs of
using virtual reality treatments. Cyberpsychol. Behav. Soc. Netw. 14, 29–34 (2011).

17. Rothbaum, B., Hodges, L. & Kooper, R. Effectiveness of computer-generated
(virtual reality) graded exposure in the treatment of acrophobia. Am. J. Psychiatry
152, 626–628 (1995).

18. Carl, E. et al. Virtual reality exposure therapy for anxiety and related disorders: a
meta-analysis of randomized controlled trials. J. Anxiety Disord. 61, 27–36 (2018).

19. Morina, N., Ijntema, H., Meyerbröker, K. & Emmelkamp, P. Can virtual reality
exposure therapy gains be generalized to real-life? A meta-analysis of studies
applying behavioral assessments. Behav. Res. Ther. 74, 18–24 (2015).

20. Schwartzman, D., Segal, R. & Drapeau, M. Perceptions of virtual reality among
therapists who do not apply this technology in clinical practice. Psychol. Serv. 9,
310–315 (2012).

21. Lindner, P. et al. Attitudes toward and familiarity with virtual reality therapy
among practicing cognitive behavior therapists: a cross-sectional survey study in
the era of consumer VR platforms. Front. Psychol. 10, 1–10 (2019).

22. Hong, Y., Kim, H., Jung, Y., Kyeong, S. & Kim, J. Usefulness of the mobile virtual
reality self-training for overcoming a fear of heights. Cyberpsychol. Behav. Soc.
Netw. 20, 753–761 (2017).

23. Donker, T. et al. Effectiveness of self-guided app-based virtual reality cognitive
behavior therapy for acrophobia: a randomized clinical trial. JAMA Psychiatry 76,
682–690 (2019).

24. Freeman, D. et al. Automated psychological therapy using immersive virtual
reality for treatment of fear of heights: a single-blind, parallel-group, randomised
controlled trial. Lancet Psychiatry 5, 625–632 (2018).

25. Cohen, D. C. Comparison of self-report and overt-behavioral procedures for
assessing acrophobia. Behav. Ther. 8, 17–23 (1977).

26. Bouchard, S., St-Jacques, J., Renaud, P. & Wiederhold, B. Side effects of immer-
sions in virtual reality for people suffering from anxiety disorders. J. Cyber Ther.
Rehabil. 2, 127–137 (2009).

27. Beck, A. T., Steer, R. A., Ball, R. & Ranieri, W. Comparison of Beck Depression
Inventories-IA and -II in psychiatric outpatients. J. Pers. Assess. 67, 588–597 (1996).

28. Leiner, D. J. SoSci Survey (Version 3.1.06) [Computer software]. https://www.
soscisurvey.de (2019).

29. Kennedy, R. S., Lane, N. E., Berbaum, K. S. & Lilienthal, M. G. Simulator Sickness
Questionnaire: an enhanced method for quantifying simulator sickness. Int. J.
Aviat. Psychol. 3, 203–220 (1993).

30. Bandelow, B. et al. Deutsche S-3 Leitlinie zur Behandlung von Angststörungen
(Springer, 2014).

31. Google (n.d.). Google Street View (Version 2.0.0.257517656). [Mobile application
software]. https://play.google.com/store/apps (2019).

32. Abelson, J. L. & Curtis, G. C. Cardiac and neuroendocrine responses to exposure
therapy in height phobics: desynchrony within the ‘physiological response sys-
tem’. Behav. Res. Ther. 27, 561–567 (1989).

33. Gursky, D. M. & Reiss, S. Identifying danger and anxiety expectancies as com-
ponents of common fears. J. Behav. Exp. Psychiatry 18, 317–324 (1987).

34. R Development Core Team. R: a language and environment for statistical com-
puting. (R Foundation for Statistical Computing, Vienna, 2012).

35. Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & Core Team, R. nlme: linear and
nonlinear mixed effects models. R. Package Version 3, 1–143 (2019).

D. Bentz et al.

8

npj Digital Medicine (2021)    16 Published in partnership with Seoul National University Bundang Hospital

https://www.soscisurvey.de
https://www.soscisurvey.de
https://play.google.com/store/apps


36. Streiner, D. & Geddes, J. Intention to treat analysis in clinical trials when there are
missing data. Evid. Based Ment. Health 4, 70–71 (2001).

37. Gupta, S. K. Intention-to-treat concept: a review. Perspect. Clin. Res. 2, 109–112
(2011).

38. Cohen, J. A power primer. Psychol. Bull. 112, 155–159 (1992).
39. de Quervain, D. J.-F. et al. Glucocorticoids enhance extinction-based psy-

chotherapy. Proc. Natl Acad. Sci. USA 108, 6621–6625 (2011).

ACKNOWLEDGEMENTS
We thank Amanda Aerni for monitoring the study. Thomas Schlitt for the data
management of the study. Fabian Müller for designing sound effects for the app,
Alexander de Quervain for 360-degree picture material for the app, Caroline Nicola
Beer, Tamara Flury, Christiane Gerhards, Galya Iseli, Irena Kovacic, Cécile Longoni,
Fabian Müller, Anna Lena Seitz, Saskia Schnydrig, Jerôme Schwarz for helping in trial
conduction. The study has been funded by the Transfaculty Research Platform
Molecular and Cognitive Neurosciences of the University of Basel.

AUTHOR CONTRIBUTIONS
D.B. and D.Q. designed the exposure app and the trial and drafted the paper. M.I. and
N.W. programmed and visually designed the VR app. D.B. and A.Z. supervised data
collection. A.P. commented on the design of the exposure app and trial. D.B. and N.S.
analyzed the data. All authors commented on and gave final approval of the paper.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41746-021-00387-7.

Correspondence and requests for materials should be addressed to D.J.F.d.Q.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

D. Bentz et al.

9

Published in partnership with Seoul National University Bundang Hospital npj Digital Medicine (2021)    16 

https://doi.org/10.1038/s41746-021-00387-7
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


28 

4.2.2 Virtual reality-based gaze exposure treatment reduces fear of public 
speaking 



 

 

1 
 

 

 
Main Manuscript for 

Virtual reality-based gaze exposure treatment reduces fear of public 
speaking 
Fabian D Muellera,e, Berhard Fehlmanna,e, Nan Wanga,e, Merle K Ibacha,e, Thomas Schlitta,e, Dorothée 
Bentza,e, Anja Zimmera,e, Andreas Papassotiropoulosb,c,d,e, and Dominique JF de Quervaina,d,e 

aDivision of Cognitive Neuroscience, Department of Psychology, University of Basel, 4055 Basel, Switzerland; bDivision of Molecular Neuroscience, Department 
of Psychology, University of Basel, 4055 Basel, Switzerland; cLife Sciences Training Facility, Department Biozentrum, University of Basel, 4056 Basel, 
Switzerland; dUniversity Psychiatric Clinics, University of Basel, 4002 Basel, Switzerland; eTransfaculty Research Platform, University of Basel, 4055 Basel, 
Switzerland 

* Prof. Dr. Dominique J.-F. de Quervain, University of Basel, Department of Psychology, Division of 
Cognitive Neuroscience, Birmannsgasse 8, CH-4055 Basel, Switzerland, Phone: +41 61 207 02 37  

Email:  dominique.dequervain@unibas.ch 

Author Contributions:1Fabian D. Mueller (FM), Bernhard Fehlmann (BF), Dominique De Quervain (DQ) 
and Andreas Papassotiropoulos (AP) conceived and designed the study. Nan Wang and Merle K Ibach 
programmed and visually designed the VR app. FM, BF and Anja Zimmer collected and analysed the data. 
Thomas Schlitt supervised data collection, storage and processing. Dorothée Benz provided clinical advice 
and contributed to trial design. FM, BF and DQ wrote the manuscript, with substantial input from the other 
authors. DQ and AP provided critical oversight and feedback of the work. 

Competing Interest Statement: all authors declare no competing interests.  

Classification: Biological Science; Psychological and Cognitive Sciences. 

Keywords: Eye contact, gaze avoidance, public speaking anxiety, social anxiety, virtual reality exposure 
therapy 

  

                                                             
1 FM and BF contributed equally to this work. 



 

 

2 
 

This PDF file includes: 

Main Manuscript 
 
- Figure 1: Schematic study procedure 
 
- Figure 2. Flowchart of participants 
 
- Figure 3. Effects of the gaze exposure treatment on perceived fear and relative dwell time on  
faces during public speaking 
 
- Figure 4. Virtual reality-based gaze exposure application 
 
- Figure 5. Example of face detection 
 
- Table 1. Demographic characteristics of participants 
 
- Table 2. Primary and main secondary outcome measures and differences between conditions 
 
 
Supplementary Information 

 
- Table S1. Further outcome measures and differences between conditions.  
 
- Table S2. Level settings of the gaze exposure application. 
 
 



 

 

3 
 

Abstract 

Public speaking anxiety (PSA) is the most widespread social fear, with prevalence estimates up to 30%. 
Whereas gaze avoidance is a common feature of PSA, it is not known if an exposure treatment aimed at 
reducing gaze avoidance would lead to a reduction of fear of public speaking. The objective of this study was 
to develop a stand-alone, virtual reality (VR)-based gaze exposure treatment and to test its effectiveness to 
reduce fear of public speaking. We performed a single-blind, parallel-group, randomized controlled trial in 
89 healthy adults with PSA. The primary outcome was subjective fear in a real-life public speaking test. 
Secondary outcomes included the relative dwell time on faces during public speaking, as measured by eye-
tracking. Assessments were done at baseline, after a single 1-h app use (phase 1), and after additional repeated 
(9 × 20 min) app use at home (phase 2). After phase 2, but not phase 1, participants in the treatment condition 
showed significantly reduced fear as well as increased relative dwell time on faces compared to participants 
in the control condition with no intervention (fear: Cohen’s d = 1.07, p < 0.0001; relative dwell time on faces: 
Cohen’s d = 0.97), p < 0.0001). The repeated use of a VR-based gaze exposure treatment intervention leads 
to large reductions in fear of public speaking and gaze avoidance in a real-life speech situation, suggesting 
effectiveness of fully automated treatment options with a focus on gaze behavior. 

 

Significance Statement  

Fear of public speaking is widespread and affected individuals typically avoid eye contact with the audience 
to avoid experiencing non-verbal signs of negative evaluation. The present research reveals that a two-week 
virtual reality (VR) gaze exposure treatment reduces fear of public speaking as well as gaze avoidance in a 
real-life public speech situation. The VR gaze exposure treatment is appealing for people with public 
speaking anxiety because it offers an easy-to-use and widely accessible self-help option that requires neither 
exposure to real people nor verbal interaction. 
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Introduction 

Eye gaze serves a crucial role in regulating human social interaction (1, 2). Avoiding gaze in social situations 
indicates submission, fear, or refraining from further interaction across many species including humans (3–
5). Notably, gaze aversion is also characteristic of several psychological disorders involving fear, anxiety, or 
attention modulation in social interactions, including social anxiety disorder, depression, and autism 
spectrum disorder (6–8). In particular, socially anxious people report fear of direct eye contact (9) and avoid 
mutual gaze when interacting with others (10, 11). Therefore, gaze behavior and attention processing of facial 
social cues (i.e., the eye region) are extensively discussed in social anxiety research, with the avoidance of 
mutual gaze in social situations thought to reflect a submissive gesture to reduce the anticipated social threat 
(12–15).  

People with social anxiety typically avoid social situations due to fear of public scrutiny and evaluation (16). 
Avoiding mutual gaze in social situations may be an intuitive and unintentional anxiety-reduction technique, 
but may ultimately proof maladaptive (17). Although it may lead to a short-term reduction in anxiety because 
the experience of non-verbal signs of negative evaluation is reduced (18), gaze avoidance may contribute to 
the maintenance of anxiety in the long term by eliciting adverse reactions from others that nourish the existing 
fear (19) or by preventing anxious individuals from learning corrective information about the feared stimulus 
(20).  

Gaze avoidance in social anxiety is well-documented (8, 21–24). Eye-tracking studies demonstrate that 
socially anxious people spend less time looking at others’ eyes and make fewer fixations towards the eye 
region than do non-anxious individuals (22, 25). These findings are consistent across emotional expressions 
(25, 26) and types of social situations (8, 27–29), suggesting gaze avoidance as a bio-behavioral marker of 
social anxiety (13, 15). In public speaking situations in particular, both individuals with clinical and 
subclinical social anxiety exhibit higher rates of gaze avoidance than their non-anxious peers (21, 23, 30). In 
fact, public speaking anxiety (PSA) is the most widespread social fear, with prevalence estimates ranging 
between 6.5% to 30% (31–34).  

Here we aimed at investigating if a gaze exposure treatment in adults with PSA is effective in reducing gaze 
avoidance and, more importantly, in reducing fear in a public speaking situation. We conducted a single-
blind, parallel-group, randomized controlled trial. For the gaze exposure treatment, we developed a stand-
alone smartphone application (app), implementing 360° panoramic videos of real audiences in VR. The gaze 
exposure focused on the maintenance of eye contact with virtual audiences across increasingly difficult social 
situations in VR. We tested the effectiveness of the gaze exposure treatment in a real-life public speaking test 
(PST) compared to a control condition. The primary outcome was the subjectively perceived fear during the 
PST. The main secondary outcomes were face gaze, measured as the relative dwell time on faces during 
public speaking, and speech quality assessed by the PST evaluation committee. Outcomes were tested at 
baseline, directly after a short (1-h app use) intervention, and after a prolonged home treatment intervention 
(9x 20 min) assessed 3-5 weeks after last use (Fig. 1). 
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Results 

Participant’s characteristics (study phase 1). Two hundred and twenty-six individuals were screened for 
trial participation (Fig. 2). The inclusion criteria were met by 89 individuals, of which 43 were randomly 
allocated to the treatment group and 46 to the control group. Study phase 1 was completed as planned by 86 
participants (treatment group: 41, control group: 45). Participants’ baseline characteristics were balanced 
across groups (Table 1).  

Effects of 1-h use of VR treatment app (study phase 1). Uptake of the VR exposure to social threat was 
high in study phase 1 (100%). Table 2 summarizes the mean scores of the primary and main secondary 
outcomes at post VR gaze exposure treatment intervention in study phase 1 (1-h app use) with respective 
baseline calculated with values of all participants of study phase 1. Outcome data were missing for two 
participants in study phase 1 (1 of the control group and 1 of the treatment group) with regards to the global 
improvement and the usability of the app (see supplementary information; SI). Also, for two participants (1 
of the control group and 1 of the treatment group), eye-tracking data was missing from study phase 1 due to 
a technical error. For the primary outcome measure, the subjectively perceived fear during the PST, one hour 
of VR gaze exposure with the training app showed no beneficial effect compared to the VR control 
intervention in study phase 1 (F(2, 154) = 23.32, p = 0.2, Cohen’s d = 0.27). Similarly, for the main secondary 
outcomes, the relative dwell time on faces and the global performance, assessed by the committee, we 
observed no significant effects of the 1-h intervention compared to the control intervention in study phase 1 
(p ≥ 0.05). 

Participant’s characteristics (study phase 2). Of the 86 participants from study phase 1, 72 participants 
completed study phase 2 (treatment group: 28, control group: 44). In the treatment group, 65% correctly 
completed the full intervention course with at least six training sessions at home with a minimum training 
duration of 14 minutes. Uptake of the VR exposure to social threat was high in study phase 2 (90%). 

Effects of repeated use of treatment app (study phase 2). After the additional home-treatment, the use of 
the treatment app (mean total app use in minutes: 168.84 [SD 9.36] spanning over an average of 11.96 days 
(SD 2.30) led to a significant reduction of subjective fear during the PST in study phase 2, 34.00 days [SD 
4.44] after the last use of the app (F(2, 154) = 23.32, p < 0.0001, Cohen’s d = -1.07; Fig. 3a and Table 2). 
The intention to treat (ITT) analysis based on 89 participants (46 participants in the control group and 43 
participants in the treatment group) confirmed these results, with only marginally smaller effect size estimates 
(p < .0001; Cohen’s d = -1.04; Table 2).  

For the main secondary outcomes, the home treatment with the app had beneficial effects on the relative 
dwell time on faces but not on the global performance. The repeated use of the app led to an increase in the 
relative dwell time on faces during the PST in study phase 2 (F(2, 151) = 8.71, p < 0.001; Fig. 3b and Table 
2). The ITT analysis confirmed these results, with slightly smaller effect size estimates at post-intervention 
phase 2 (p < 0.001; Cohen’s d = 0.83; Table 2). For the global performance assessed by the committee, there 
was no effect of the home treatment (F(2, 154) = 024, p = 0.79). Mean scores of repeated training effects of 
all further outcome measures are summarized in the SI Table S1.  
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Discussion  

While gaze avoidance is known to be a common feature of PSA (23, 30), it was not known if an intervention 
aimed at reducing gaze avoidance would be sufficient to reduce fear of public speaking. The present single-
blind randomized controlled trial provides evidence that a VR-based gaze exposure treatment is effective in 
reducing fear and gaze avoidance in a real-life public speaking situation after repeated use. With a large effect 
size in fear reduction (d = -1.07) for the intervention group after only approximately four hours of training 
over two weeks, the effectiveness of the gaze exposure treatment is comparable to conventional exposure 
treatments that require patients to speak in front of other people in vivo (35) or in VR (36–38).  

Interestingly, we observed a decrease in fear after the acute intervention in both the treatment and the control 
group. A possible explanation for this decrease might be a short-term habituation to the repeated PST on the 
same day, an effect that was obviously lost in the control group after several weeks. In the treatment group, 
the decrease in fear after the acute intervention was not greater than in the control group and not paralleled 
by a change in relative dwell time, suggesting that in the treatment group the decrease in fear was not the 
result of the single gaze exposure intervention and that specific effects only evolve after repeated 
interventions.  

Importantly, we show that the repeated gaze exposure treatment aimed at increasing eye contact with a virtual 
audience is sufficient to reduce the fear of public speaking without requiring verbal interactions, added 
cognitive-behavioral elements, or input from a therapist. For people with PSA who find it already too 
frightening to verbally perform in front of a VR audience, this could further lower the threshold to overcome 
initial fears. Relying on mere exposure to gaze sets the current study apart from the conventional VRET 
approach, suggesting high effectiveness of behavioral treatment interventions with a focus on gaze behavior. 
Furthermore, we tested the effectiveness in a real-life public speaking situation, indicating that gaze exposure 
in VR generalizes to real life.  
 
Our study has several limitations. First, we evaluated the effectiveness of the gaze exposure treatment 
intervention in a sample of adults with PSA but not with a full clinical presentation of social anxiety. 
Although the present findings may have potential for treating socially anxious individuals with a clinical 
diagnosis, the safety and effectiveness of this approach for clinical populations remain to be tested. Second, 
although the explicit task instructions during the gaze exposure treatment was to hold eye contact with the 
virtual audience members, the limitations of the used eye-tracking equipment and face detection algorithms 
did not allow us to accurately discriminate between gaze directed to the eyes versus other salient facial 
features (e.g., mouth, nose). However, the subjective perception of mutual gaze may be a product of mutual 
face gaze rather than mutual eye contact per se (39) and other facial features also provide essential social 
cues for interpreting social feedback (40). Finally, the intervention did not increase the global quality 
assessment of the speech performance as externally rated by the PST evaluation committee. Arguably, the 
addition of cognitive or interactive elements to the VR training sessions (e.g., instruction to perform 
speeches) could increase the training effects in terms of speech performance. 
 
To conclude, our results indicate that the repeated use of a VR-based gaze exposure intervention leads to 
large reductions in the fear of public speaking as well as gaze avoidance in subsequent real-life speech 
situations, suggesting high effectiveness of fully automated treatment options with a focus on gaze behavior. 
Such stand-alone, widely accessible, and scalable training tools offer evidence-based solutions and 
alternatives for people with PSA at a low threshold for initiation, countering the dissemination problem of 
traditional in-vivo treatment. In the clinical setting, stand-alone apps could provide a valuable add-on to 
guided standard exposure therapy. Based on the promising results in a population with PSA, the full clinical 
potential of targeting gaze avoidance in social anxiety and other populations with constrained social gaze 
behavior remains to be investigated. 
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Materials and Methods 
 
Study design and participants. We performed a single-blind, parallel-group, randomized controlled trial 
comparing a VR-based gaze exposure treatment app with a VR condition without social exposure in study 
phase 1 and with no intervention in study phase 2. For trial participation, we recruited from Switzerland's 
German-speaking population via print and online advertisements. Participants were enrolled in the study 
between June 18, 2019, and September 19, 2019. We included physically healthy individuals aged between 
18-40 years that were fluent in German and indicated high fear and avoidance of social situations with the 
potential of being evaluated by others. We excluded individuals suffering from clinically relevant social 
anxiety, based on the criteria of the corresponding section of the structured Diagnostic Interview for Mental 
Disorders for DSM-5 (41). Further, individuals were not allowed to participate if they received concurrent 
psycho- or pharmacotherapy, were ever in treatment for anxiety disorders or participated in another study, 
showed signs of clinically relevant depressive symptoms (Beck Depression Inventory-II, BDI-II total score 
> 20) or suicidal ideation (BDI-II item 9>0), had serious psychological or medical conditions (including 
epilepsy and migraine), restricted 3D sight or chronic medication intake (except intake of oral contraceptives) 
and females if they were pregnant. Participants were instructed to abstain from alcohol and medication intake 
for 12h and psychoactive substances (including benzodiazepines) for 5 days before study days. 
 
The study protocol, including the definition of primary and secondary outcomes and statistical analysis plan, 
was approved by the Independent Ethics Committee (IEC; Ethics Committee of North-West and Central 
Switzerland) before the start of the study. There were no deviations from the protocol after the trial start. The 
trial was registered at ClinicalTrials.gov before the start of the study with the identifier NCT03970187 on 
May 31, 2019. Final data was collected on September 19, 2019. All research was performed in accordance 
with the Declaration of Helsinki. All participants gave written informed consent for trial participation. 
Participants received compensation of CHF 25/h for their participation and CHF 50 for the successful 
completing of the study. 
 
Randomization and masking. After study inclusion, participants were randomly (stratified for sex) 
allocated to the treatment group (VR gaze training in study phases 1 and 2) or the control group (a fear-
unrelated VR task in study phase 1, no intervention in study phase 2, Fig. 2). Each eligible participant was 
allocated to one of two randomization lists (male/female). Within each list, groups were randomized 
according to a maximum tolerated imbalance (MTI-) procedure implemented in R (’RandomizeR’-package; 
MTI across lists = 4).  
Allocation concealment was given for the experimenter who enrolled participants, as treatment allocation 
was made by a different experimenter. Therefore, the experimenter who enrolled participants did not know 
in advance which treatment the next person gets. All experimenters who collected outcome measures were 
unaware of participants' group assignment (single-blind).  
 
Procedures. Upon contacting the study team, potential participants received detailed information about the 
study including the inclusion and exclusion criteria by email. Individuals who met an exclusion criterion 
during the subsequent online screening via SoSci Survey (42) were directly informed that they were not 
eligible for participation. Eligible individuals were scheduled for two visits at the Division of Cognitive 
Neuroscience at the University of Basel, Switzerland. Before study enrolment, we rechecked inclusion and 
exclusion criteria and collected basic demographic data. If the enrolment criteria were still met, participants 
filled in the German versions of the Social Phobia Inventory (SPIN) and the Brief Fear of Negative Evaluation 
Scale-Revised (FNE-K) to evaluate their general social anxiety and fear of negative evaluation by others and 
were allocated to one of the two intervention groups. 
We then collected salivary cortisol with a saliva-sampling device (Salivette® from Sarstedt, Rommelsdorf, 
Germany) and conducted the baseline PST. The PST represents a real-life assessment of public speaking 
anxiety in a socially threatening situation. The participant's task was to perform three semi-improvised 
speeches in front of an evaluation committee consisting of three experimenters trained to maintain eye contact 
and a neutral facial expression and body posture. Participants had to choose three out of five predefined 
general topics and prepared the speeches for 10 minutes. Before presenting the first topic, participants rated 
their subjective fear – the primary outcome measure – as well as their fear to hold eye contact on the 
Subjective Units of Distress Scales (SUDS, “How high is your fear-level at this moment?”; scale of 0 = no 
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fear to 10 = maximum fear). The maximum duration of each given topic was 3 min. After each speech, the 
participants again rated their subjective fear and their fear of holding eye contact on the SUDS. The PST 
terminated when the participant indicated feeling too uncomfortable to proceed or when the full 9 minutes 
period (3×3 min) was over. After the last speech, participants and committee members independently and 
covertly rated the speech quality using visual analog scales (VAS). VAS were used to assess the global 
performance as well as eight specific subscales covering different aspects of the performance (verbal fluency, 
verbal expression, vocal modulation, tempo, posture, facial expression, eye contact, nervousness; scale of 0 
= very bad, 100 = very good). Speeches were video and audio recorded, and gaze behavior was tracked 
throughout the PST using a mobile eye-tracking system (for further information see section ‘Eye-tracking’). 
Following the PST, participants provided a second cortisol sample and filled out the Simulator Sickness 
Questionnaire (SSQ) (43) before starting the VR intervention accompanied by another experimenter. 
 
For VR exposure to public speaking situations, we developed a stand-alone VR-based gaze exposure app for 
smartphones (for in-app content, Fig. 4). The app consists of an initial written description of the app content 
in 2D and three VR gaze exposure scenarios (i.e., proximity, classroom, lecture hall scenario). The exposure 
scenarios were based on 360° panoramic video clips of small to large audiences filmed in two different sized 
classrooms and a large lecture hall of the facilities of the University of Basel. In all three scenarios, the task 
was to maintain eye contact with the present virtual audience across six levels of increasing difficulty. The 
training procedure was based on a graduated behavioral exposure scheme and included no psycho-educative 
elements or specific cognitive interventions (e.g., challenging of cognitive distortions), but a minimal number 
of gamified reinforcement elements (i.e., clapping sounds after successful level completion). 
 
At the beginning of each scenario, users are standing in an empty room (level 0). Following acclimatization 
to the VR, the room was increasingly filled with the virtual audience directing their eyes towards the user 
(level 1–6). Users are asked to briefly introduce themselves, which is played back via the microphone of the 
smartphone, and then to maintain eye contact with specific audience members, each indicated by an arrow. 
Advancing to further levels follows a predefined exposure scheme based on SUDS ratings (“How high was 
your subjective fear in this level?”, scale of 0 = no fear to 10 = maximum fear) indicating the perceived fear 
at a given level and the maintenance of eye contact with the audience members, measured by gaze tracking 
(Fig.4b). Each level is repeated until the user indicates low subjective fear (> 3) on the SUDS rating, and the 
mutual gaze maintained exceeds a predefined time threshold ranging from 56 to 96 seconds, depending on 
the level (for a detailed description of the level settings, see SI Table S2). After completing one level, users 
are reinforced with applause sound effects (gamified reinforcement element). Each scenario contains six 
levels with a net duration of 3 minutes each (i.e., without introductory slides and SUDS-ratings). The levels 
are gradually increasing in difficulty, operationalized by the emotional valence of the audience’s facial 
expression (level 1–2: positive, level 3–4: neutral, level 5–6: negative), the size of the audience (proximity 
scenario: 2–12, classroom scenario: 2–21, lecture hall scenario: 2–100) and the time required to keep eye 
contact (see Fig.4a,c and SI Table A2). Each exposure scenario is terminated by the time limit of 20 minutes, 
irrespective of the achieved level. 
 
For the VR intervention in study phase 1, participants received Samsung smartphones with the preinstalled 
app, noise-canceling headphones, and a Google Daydream View version 2 VR headset (Fig. 4d) to enable 
100-degrees stereoscopic view and a controller for the headset (for further information of the VR setup see 
SI Methods). For smooth integration of the VR intervention into our study course, an experimenter assisted 
in using the VR equipment and gave verbal instructions that were also provided within the app. Each 20 
minutes scenario was followed by a 5 minutes break, and the first training session ended after completing all 
three scenarios. Participants of the control group received the same Samsung devices with Google Street 
View (v2.0.0.25751656) installed. Their task was to explore three pre-defined virtual scenarios in VR 
(Nautilus House, Mexico; Montpelier, Orange County; Wethersfield, Connecticut) for 20 minutes each and 
to answer several basic questions (e.g., “describe the weather in the scenario”). The control scenarios did not 
contain any stimuli of potential social threat. Participants were not prompted to indicate their fear level and 
could explore each scenario at their own pace by teleporting themselves using the controller. 
 
After completion of the VR training session, symptoms of cybersickness were reassessed by the SSQ, 
followed by the Igroup Presence Questionnaire assessing presence in VR (44). Subsequently, participants 
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completed a second PST following a procedure identical to the first, but with five new speech topics to choose 
from. At the end of study phase 1, participants rated the VR app acceptability and usability by questionnaire, 
as well as the subjectively perceived improvement after app use regarding their fear, eye contact, and speech 
performance. Participants of the treatment group then received smartphones with the treatment app 
preinstalled, standard accessory charger and headphones, a Google Daydream View VR headset with 
controller, and detailed instructions about the home treatment. 
 
For study phase 2, participants of the treatment group were instructed to use the treatment app for nine 
sessions within a maximum duration of 14 days, while the control group did not receive any task. The home 
treatment was requested to start 1-5 weeks after study phase 1. Participants were allowed to schedule the nine 
sessions freely but train only once a day. The sequence of the scenarios was predetermined (3× proximity 
scenario, 3× classroom scenario, and 3× lecture hall scenario). Each scenario lasted for 20 minutes and 
followed the procedure of the training on-site. The completion of a minimum of two-thirds of the planned 
VR home training (i.e., 6 completed scenarios with a minimum duration of 14 min) was defined per protocol 
as mandatory to be further included in the study.  
 
The second assessment visit took place approximately two months after study phase 1 (mean [SD] number 
of days, treatment condition, 57.46 [3.46], control condition, 56.55 [6.41]) and one month after training 
completion of the treatment group (mean number of days: 34.00 [SD 4.44]). We rechecked inclusion and 
exclusion criteria and reassessed participants' fear of public speaking by the SPIN and the FNE-K. Afterward, 
we conducted a third PST identical to the first two PSTs in study phase 1, accompanied by cortisol sampling 
shortly before and afterward. Finally, participants indicated their subjectively perceived improvement of fear, 
eye contact and speech performance, as well as the amount of self-exposure to social situations between the 
two visits. The treatment group additionally filled in a VR app acceptability and usability scale and a 
questionnaire concerning their feeling of immersion during app use (44). 
 
Outcomes 
The primary outcome measure was subjective fear during the PST (SUDS, scale of 0 = no fear to 10 = 
maximum fear), averaged across four time points (i.e., before the first speech and after each speech). The 
main secondary outcomes were (1) the average relative dwell time on faces and (2) the overall global external 
assessment of performance by the evaluation committee in the PST. The average relative dwell time on faces 
was assessed by eye-tracking and represents the ratio of the participants’ dwell time on faces of any of the 
committee members relative to the participants’ total gaze time during the PST (for further information about 
the eye-tracking analysis see ‘Eye-tracking’). The global external assessment of the performance in the PST 
(VAS ratings; 0: very bad, 100: very good) was assessed three times (i.e., after each speech) by each of the 
three committee members and averaged across time points and committee members to reach the overall 
global external assessment of performance. 
Primary and secondary outcomes were evaluated before (baseline) and directly after the one-hour VR 
intervention in study phase 1 and on the second visit, scheduled 3–5 weeks after the last use of the treatment 
app during study phase 2 (Fig. 1). All further secondary outcome measures are described in the, together with 
their statistical analysis.  
 
Eye-Tracking 
We used eye-tracking to characterize participants' social gaze behavior during the PST. Both eyes were 
tracked at 120 Hz by a mobile, head-mounted eye-tracking system (Pupil Lab Core, Berlin, Germany; field 
of view: 100°, world-camera: 30Hz, 720p). The eye-tracking was controlled by the software Pupil Capture 
(v1.12.17). Gaze detection and mapping were based on a 2D model. At the beginning of the first PST, a built-
in 10-point calibration procedure was run and repeated until an accuracy of at least 0.5° and precision of at 
least 0.2° was achieved. Calibration targets were used, which were projected at a distance of 2.5 m. To keep 
the distance to the calibration plane constant, we instructed participants to stay within an area marked on the 
ground during their speeches. After each speech, we run a 5-point accuracy test, allowing for offline 
recalibration in case of shift/slippage. Speeches, where the predefined minimum accuracy and precision were 
neither reached by online calibration nor offline recalibration, were excluded from further analyses (<5%). 
Blinks (filter length: 0.2 s, onset and offset confidence: 0.5) and fixations (maximum dispersion: 3°, 
minimum duration: 0.3 s, confidence threshold: 0.75) were detected by the default settings of the software. 
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To quantify pupil size, we used the 2D pupil detection algorithm with default settings (pupil range: 10–100, 
pupil size and diameter indicated in image pixels as observed in the eye image frame, confidence threshold: 
0.6). We controlled for artifacts (e.g., blinks or movement) by excluding pupil diameter outliers. A data point 
x was defined as an outlier if x<M−3×SD or x>M+3×SD or if it was labeled as a blink and replaced by linear 
interpolation. Subsequently, pupil recordings were smoothed using a sliding average (83 ms time 90 window, 
ten samples; see 28). The light settings and exact position of the participants in the room were held constant 
throughout the entire experiment to control for confounding effects of the lighting conditions. All recorded 
data were visualized and exported by pupil player (v1.14.9), with the default minimum data confidence of 
0.6. 
 
Since we used a wearable eye-tracking headset, the coordinate system of the exported gaze data was fixed to 
the participant's head, not to the real world. However, automated face detection allowed us to detect the 
location of the committee's faces. To this end, we implemented a Convolutional Neural Network (CNN) to 
detect the location of the committee's faces with a face detector available in the dlib library (Python3.7). We 
implemented a face detection algorithm on the video recorded by the frontal camera (exported mp4-file) on 
a GPU cluster (NVidia Tesla v100) to extract the committee's faces in each video frame. All detected faces 
of each video frame were defined as the area of interest (AOI; see Fig. 5). 
 
To quantify fear-related gaze behavior as a main secondary outcome measure, we calculated the duration of 
all valid fixations that were lying in the AOI (i.e., one of the three faces of the PST committee). We then 
divided this value by the total duration of all valid fixations to account for different speech durations. The 
resulting measure is the relative dwell time on faces. As a further secondary outcome measure and another 
marker of attention towards the committee, we counted the relative number of fixations on faces, irrespective 
of their length. Finally, we calculated the mean pupil diameter during each speech as a potential marker of 
general task difficulty and engaged attention. All eye-tracking measures were averaged within participants 
and PSTs. 
 
Statistical analyses 
We performed a per-protocol analysis. All data were analyzed in R version 3.6.1 and validated by a second 
statistician. We applied linear mixed models (‘nlme’ package) in combination with ANOVA (SS II). The 
primary and secondary outcomes were analyzed in separate models.  
For the primary outcome analysis, a linear mixed model included the SUDS fear rating during the PST as the 
dependent variable. Group (treatment vs. control group; between-subject factor), time point (t0: baseline, t1: 
after study phase 1, t2: after study phase 2; within-subject factor) as well as their interaction were included 
as independent variables. The Participant-ID was included as the random effect. In case of significant 
interactions, post-hoc tests were applied to characterize the effects of group further. Age and sex were 
included as covariates. To account for baseline differences, we also included the measurement of the SUDS 
fear rating at baseline testing in case of post-hoc analyses. Potential significant interactions of covariates with 
either of the independent variables were further described by post-hoc tests. Non-significant interactions were 
removed from the statistical model.  
 
Furthermore, to account for loss of participants between study phase 1 and study phase 2, we conducted an 
intention to treat (ITT) analysis for our primary outcome using the same model specified above. For missing 
outcomes, we applied the method Last Observation Carried Forward (LOCF) including the last available 
value of every subject that was reliably assessed. Group assignment was maintained according to 
randomization for participants entering the ITT. 
 
For the main secondary outcomes’ analysis, we replaced the primary outcome measure as the independent 
variable with each main secondary outcome in a separate model that was otherwise identical. They were 
statistically treated the same way as the primary outcome measures but corrected for multiple comparisons 
(p < .025, corresponding to Bonferroni correction for two independent tests). We present results as mean 
(SD) for the intervention and control condition, and associated two-sided p values, as well as adjusted group 
difference with 95% CIs (‘emmeans’-package). We estimated Cohen’s d as effect size measurement. The 
estimate of d was based on t values of the linear models. Therefore, d is corrected for the effects of all 
confounding variables included in the model. By convention, d = 0.2 is considered to be a small, d = 0.5 to 
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be an intermediate and d = 0.8 to be a large effect. Based on previous studies with brief as well as continuous 
VR interventions using concepts of exposure therapy and including participants with fear of public speaking 
and public performance, we expected medium to large effect sizes (45). We estimated a required minimum 
sample size of N = 80 based on a power analysis assuming two-sample t-tests, equivalent to the least complex 
post-hoc test performed within the linear mixed model analyses (with a power of 80% at α = .05, two-tailed; 
Cohen’s d = 0.65; software: G*power 3.1).  
A clinical trial monitor oversaw data collection and data entry according to a written monitoring plan 
approved by the IEC before trial conduction. 
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Figures and Tables 

 

Figure 1: Schematic study procedure.  
Left to right: Individuals were randomly allocated to either the treatment or the control group. Afterwards, 
the baseline public speaking test (PST) was conducted, which comprised a preparation time of 10 min and 
three speeches with a maximum duration of 3 min each. Before the first and after every speech, participants 
were asked to indicate their fear level, which was the primary outcome measure. During the speeches, eye 
tracking allowed us to quantify the relative dwell time on faces of any of the committee members during the 
PST as a main secondary outcome measure. After the first PST, the participants of the treatment group 
underwent the gaze exposure treatment in the VR app for 3×20 min, while the participants of the control 
group explored virtual scenarios without social threat for the same amount of time (acute intervention). The 
second PST followed a procedure identical to the first one. In study phase 2, the treatment group was 
requested to complete 9×20 min home training sessions with the gaze exposure app (repeated intervention), 
while the control group did not receive any task. One month after training completion of the treatment group, 
a third PST following the same procedure was conducted.  

  

Control
group 

Treatment
group 

Phase 1

PST
Baseline

Phase 2

PST
Post 1

30
days

Random 
group 

allocation

Acute intervention
on a single day

Repeated intervention
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221 assessed for eligibility

89 randomized 

1 excluded 
• language issues

45 analyzed post training 1 

43 allocated to VR-training
basis of ITT analysis

2 excluded
• 1 protocol violation 
• 1 reported cybersickness 

41 analyzed post training 1 

28 analyzed post training 2 
basis of PP analysis

44 analyzed post training 2
basis of PP analysis

132 excluded
• 44 declined for unknown reasons
• 33 prescreening not finished
• 54 inclusion criteria not met
• 1 changed study procedure 

1 excluded 
• motivational/time issues

13 excluded
• 5 incomplete hometraining
• 4 surpassed time window for 

hometraining
• 4 motivational/time issues

Study phase 1

Study phase 2 

46 allocated to control group
basis of ITT analysis

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Flowchart of participants. VR, virtual reality; ITT, intention to treat; PP, per protocol. In study 
phase 2, more participants were excluded from the treatment group compared to the control group. To 
quantify a potential attrition bias, we performed an intention to treat (Last-Observation-Carried-Forward, 
LOCF) analysis for the primary outcome measure in addition to the analyses defined in the protocol.  
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Figure 3. Effects of the gaze exposure treatment on perceived fear and relative dwell time on 
faces during public speaking. The per-protocol analysis suggested no reduction regarding the 
subjectively perceived fear and the relative dwell time on faces during the public speaking test in the 
treatment group immediately after 1-h VR exposure in study phase 1 (Post 1) compared to the control 
group. However, there was a beneficial effect on subjective fear and the relative dwell time after 
additional home trainings (9 × 20 min) with the gaze avoidance treatment app, as evident by the 
difference in fear ratings between the groups 1 month after intervention phase 2 (Post 2). 

*** p < 0.001. Error bars indicate standard errors of the mean. 
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Figure 4. Virtual reality-based gaze exposure application. 4a and 4c show examples of the lecture hall 
scenario used in the gaze exposure application. 4a shows level 1; 4 people with positive emotional expression. 
4c shows level 6; 100 people with negative emotional expression; The green arrow indicated the current 
target person with whom eye contact should be maintained. As soon as a user gazed towards the eye area of 
the target person, the green arrow disappeared, and an invisible timer started. After a predefined time, the 
arrow switched to the next target person to prompt a change of eye contact. Whenever a user exited the target 
area before the predefined time, the timer paused, and the green arrow reappeared above the current target. 
4b shows an example of the fear ratings (“How high was your subjective fear in this level?”, scale of 0 = no 
fear to 10 = maximum fear) that followed each successful eye contact maintenance. Each level is repeated 
until the user indicates low subjective fear (<3). 4d shows the equipment of the study worn by a team member: 
an android smartphone with a preinstalled application, noise cancelling headphones and a Google Daydream 
View version 2 VR headset.  
 
  

A B

C D
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Figure 5. Example of face detection. A video frame is shown, which was recorded from the world camera 
of the mobile eye-tracking system, thus representing a participant’s perspective during the PST. The green 
boxes mark the bounding area of the faces of the three committee members that were recognized by a deep 
learning algorithm (Convolutional Neural Network). The total area comprised by the boxes was defined as 
the area of interest (AOI), and fixations within (as indicated by the green dot) were interpreted to reflect 
mutual face gaze. 
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Table 1. Demographic characteristics of participants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data are numbers of participants or means (SDs). 
 

 Treatment group 

 

Control group 

Intervention phase Baseline Post 1 Post 2 Baseline Post 1 Post 2 

Participants included 43 41 28  46 45 44 

Age (years) 
(SD) 

26.7 
(5.5) 

26.7 
(5.6) 

26.2 
(5.1)  28.2 

(6.2) 
28.1 
(6.2) 

28.1 
(6.2) 

Men 14 14 9  17 17 17 

Women 29 27 19  29 28 27 

Education        

Bachelor degree or higher 20 19 14  22 21 20 

Vocational education 7 6 3  10 10 10 

High school education 13 13 9  10 10 10 

Compulsory education 1 1 1  3 3 3 

Other 2 2 2  1 1 1 
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Table 2. Primary and main secondary outcome measures and differences between conditions. Post-hoc 
analyses for each time point separately were only conducted in case of significant time point × group 
interactions. The adjusted group differences are only indicated if significant. Descriptive values are means 
(SDs). 

   PST, public speech test; ITT, intention to treat 

  

 
 

 Treatment 
group  Control 

group  p value 
(F-value) 

Adjusted group difference 
(95% CI) Cohen’s d 

 
 

 Mean (SD) n Mean (SD) n    

Pr
im

ar
y 

ou
tc

om
e 

 PST fear (per protocol) 
 

Time point × group 
 
 

Baseline  
Post training 1 
Post training 2 

 
 
 

49.0 (19.5) 
34.6 (21.5) 
26.6 (19.2) 

 
 
 

43 
41 
28 

 
 
 

48.9 (18.4) 
32.7 (21.9) 
56.3 (28.1) 

 
 
 

46 
45 
44 

<0.0001 
(F[2, 154]=23.32) 

 
0.81 
0.20 

<0.0001 

 
 
 
 
 

−29.8 (−41.8 to −17.9) 

 
 
 
 
 

−1.07 

 PST fear (ITT analysis) 

 Time point × group 
 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

49.0 (19.5) 
36.0 (22.0) 
30.2 (22.3) 

 
 
 
43 
43 
43 

 
 
 

48.9 (18.4) 
32.4 (21.8) 
55.2 (28.2) 

 
 
 
46 
46 
46 

<0.0001 
(F[2,174]=23.15) 

 
0.15 
0.55 

<0.0001 

 
 
 
.. 
.. 

−24.6 (−34.7 to −14.6) 

 
 
 
   .. 
   .. 
−1.04 

M
ai

n 
se

co
nd

ar
y 

ou
tc

om
es

 

 PST relative dwell time on faces (per protocol) 
 

Time point × group 
 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

0.22 (0.10) 
0.22 (0.12) 
0.30 (0.09) 

 
 
 
42 
40 
28 

 
 
 

0.21 (0.11) 
0.19 (0.12) 
0.19 (0.12) 

 
 
 
45 
44 
44 

0.00026 
(F[2, 151]=8.71) 

 
0.56 
0.20 

<0.0001 

 
 
 
.. 
.. 

0.09 (0.05 to 0.13) 

 
 
 
.... 

0.97 

 PST relative dwell time on faces (ITT analysis) 
 Time point × group 

 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

0.22 (0.10) 
0.22 (0.12) 
0.28 (0.11) 

 
 
 
43 
43 
43 

 
 
 

0.21 (0.11) 
0.19 (0.12) 
0.20 (0.12) 

 
 
 
46 
46 
46 

0.0030 
(F[2,170]=6.07) 

 
0.56 
0.16 
0.00012 

 
 
 
.. 
.. 

−0.07 (0.03 to 0.11) 

 
 
 
   .. 
   .. 

0.83 

 PST global external assessment of performance (per protocol) 
 Time point × group 

 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

47.5 (11.9) 
52.3 (11.1) 
55.1   (7.5) 

 
 
 
43 
41 
28 

 
 
 

45.2 (11.7) 
48.9 (10.9) 
52.2   (8.7) 

 
 
 
46 
45 
44 

0.79 
(F[2,154]=0.24) 

 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 

 PST global external assessment of performance (ITT analysis) 
 Time point × group 

 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

47.5 (11.9) 
51.2 (12.6) 
52.1 (11.3) 

 
 
 
43 
43 
43 

 
 
 

45.2 (11.7) 
48.1 (11.9) 
51.0 (10.5) 

 
 
 
46 
46 
46 

0.37 
(F[2,174]=1.01) 

 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 
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Supplementary Information  
Methods. 

Further outcome measures. Further secondary outcomes measures with regards to behavior were (1) fear 
of eye contact during the PST (SUDS; 0: no fear of eye contact, 100: maximum fear of eye contact), measured 
analogously to the primary outcome measure, (2) the global self-assessment of performance in the PST, 
measured analogously to the global external assessment, but with regard to the participants’ own rating, (3–
5) the global subjectively perceived improvement of fear, eye contact and performance by the VR app (VAS-
ratings; −100: much worse than before, 100: much better than before), (6) social anxiety, as measured by the 
SPIN (0–68, with higher scores corresponding to a higher burden) and (7) fear of negative evaluation, as 
measured by the FNE-K (12–60, with higher scores corresponding to greater distress). 
 
Further secondary outcomes with regards to eye-tracking were (1) the average relative fixation frequency on 
faces as well as (2) the average pupil size during the PST (see ‘Eye tracking’). The further secondary outcome 
regarding physiology was (1) the difference between salivary cortisol concentrations before and after the 
PST. Outcomes of further interest were a total of 16 measures (1–16) with regards to the externally (averaged 
across committee members) and self-assessed performance in the PST, characterized by 8 VAS ratings of 
detailed performance aspects (i.e., verbal fluency, verbal expression, vocal modulation, tempo, posture, facial 
expression, eye contact, nervousness; 0: very bad, 100: very good) and averaged within each PST, (17) the 
speech duration in seconds, averaged within each PST, (18) the feeling of presence in the VR-session, 
assessed by the IPQ (−42–42, with higher scores corresponding to a stronger sense of presence), (19) the 
usability (0–90, with higher scores indicating higher usability) and (20) social immersion (0–500, with higher 
scores indicating a higher degree of social immersion) of the app, assessed by questions created in-house as 
well as (21) the minutes of self-exposure to social situations since phase 1. Measures were taken at baseline 
and after the first and second intervention phase, with the following exceptions: Measures directly addressing 
improvement (i.e., of fear, eye contact, and performance in the VR app) were assessed after intervention 
phase 1 and at intervention phase 2. Scores for SPIN, FNE-K, and the cortisol difference were assessed at 
baseline and intervention phase 2. The IPQ and usability of the app were assessed after intervention phase 1, 
and the amount of self-exposure only at intervention phase 2. Additionally, only the treatment group provided 
fear ratings during VR exposure and ratings of the usability and social immersion of the app, rated after the 
home training at intervention phase 2. 
 
Statistical analysis of further outcome measures. For the analysis of the further secondary outcomes and 
the outcomes of further interest, we replaced the primary outcome measure as the independent variable by 
them. This was done for all of them in a separate model that was otherwise identical. For measures directly 
addressing improvement (i.e., of fear, eye contact, and performance in the VR app), no baseline differences 
were accounted for in the case of post-hoc analyses. For variables that were only assessed at one time point 
(i.e., IPQ and usability of the app for both groups only after intervention phase 1, amount of self-exposure to 
social situations only after intervention phase 2), analyses were reduced to linear models. Variables only 
assessed for one group (i.e., the app usability and social immersion after intervention phase 2) are reported 
in a descriptive way. Further secondary outcome measures were grouped according to behavior (7, p < 0.007), 
eye tracking (2, p < 0.025), and physiology (1, p < 0.05) and corrected for multiple comparisons within those 
categories. Outcomes of further interest were analyzed in an explorative way. Therefore, statistical 
significance is reported based on nominal p values. 
 
Gaze training application. The gaze training app was developed using Unity3D (v2018.3.11f1; Unity 
Technologies, San Francisco, CA, USA) under MacOS Mojave (v10.14.6) and compiled into a standard 
Android Package file (.apk). All visual material is based on 360° panoramic video clips taken by a 360°-
camera (Insta360° Pro; Insta360, Shenzhen, GD, China) and stitched with Insta360Sticher (v3.0.0). Videos 
are used as skybox textures and all panels were created in the world coordinate system in the Unity3D game 
engine. All audio material (including logo and effects sound) was produced using Ableton Live 10 Suite 
(v10.0.1). The VR environment consists of 360° video clips, accompanied by sounds characteristic to each 
VR scenario and level (e.g., sounds of the audience rustling or coughing). 
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Table S1. Further outcome measures and differences between conditions. Post-hoc analyses for each 
time point separately were only conducted in case of significant time point × group interactions. The adjusted 
group differences are only indicated if significant. Descriptive values are means (SDs).  
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PST fear of eye contact 

Time point × group 
 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

37.6 (21.0) 
25.0 (20.1) 
18.2 (14.5) 

 
 
 
43 
41 
28 

 
 
 

37.4 (22.6) 
26.0 (23.3) 
49.1 (31.1) 

 
 
 
46 
45 
44 

<0.0001 
(F[2, 154]=18.58) 

 
0.75 
0.79 

<0.0001 

 
 
 
.. 
.. 

−29.6 (−42.0 to −17.3) 

 
 
 
.. 
.. 

−1.03 

PST global self−assessment of performance 

Time point × group 
 
 
Baseline  

Post training 1 
Post training 2 

 
 
 

35.3 (18.3) 
47.0 (17.5) 
61.9 (21.1) 

 
 
 
43 
41 
28 

 
 
 

33.4 (15.4) 
43.8 (19.7) 
34.6 (20.0) 

 
 
 
46 
45 
44 

<0.0001 
(F[2, 154]=25.10) 

 
0.48 
0.68 

<0.0001 

 
 
 
.. 
.. 

27.6 (18.1 to 37.1) 

 
 
 
.. 
.. 

1.24 

Perceived improvement of fear 

Time point × group 
 
 
Baseline  

Post training 1 
Post training 2 

 
 
 
.. 

66.3 (15.5) 
76.3 (14.0) 

 
 
 
.. 
40 
28 

 
 
 
.. 

66.9 (16.9) 
49.2 (23.8) 

 
 
 
.. 
44 
44 

<0.0001 
(F[1, 68]=21.95) 

 
.. 

0.67 
<0.0001 

 
 
 
.. 
.. 

26.1 (16.1 to 36.1) 

 
 
 
.. 
.. 

1.27 

Perceived improvement of eye contact 

Time point × group 
 
 
Baseline 
Post training 1 
Post training 2 

 
 
 
.. 

63.2 (14.0) 
75.8 (16.3) 

 
 
 
.. 

40 
28 

 
 
 
.. 

60.9 (15.6) 
45.3 (21.5) 

 
 
 
.. 
44 
44 

<0.0001 
(F[1, 68]=27.44) 
 
.. 
0.60 
<0.0001 

 
 
 
.. 
.. 
30.1 (20.4 to 39.8) 

 
 
 
.. 
.. 
1.51 

Perceived improvement of performance 

Time point × group 
 
 
Baseline 
Post training 1 
Post training 2 

 
 
 
.. 

60.8 (15.2) 
73.3 (17.3) 

 
 
 
.. 

40 
28 

 
 
 
.. 

62.5 (16.6) 
46.6 (22.4) 

 
 
 
.. 

44 
44 

<0.0001 
(F[1, 68]=24.94) 

 
.. 

0.51 
<0.0001 

 
 
 
.. 
.. 

25.9 (15.8 to 36.0) 

 
 
 
.. 
.. 

1.25 

SPIN score 

Time point × group 
 
 
Baseline  
Post training 1 
Post training 2 

 
 
 

21.7 (10.9) 
.. 

17.6   (9.9) 

 
 
 

43 
.. 

28 

 
 
 

22.7   (8.0) 
.. 

17.8   (8.9) 

 
 
 

46 
.. 

44 

0.62 
(F[1, 70]=0.24) 

 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 

FNE-K score 

Time point × group 
 
 
Baseline  
Post training 1 
Post training 2 

 
 
 

40.2 (10.7) 
.. 

37.5 (10.2) 

 
 
 

43 
.. 

28 

 
 
 

38.5   (9.2) 
.. 

34.7 (10.6) 

 
 
 

46 
.. 

44 

0.78 
(F[1, 70]=0.07) 

 
.. 
.. 
.. 

 
 
 
.. 
.. 
.. 
 
 
 

 
 
 
.. 
.. 
.. 
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   PST, public speech test; ITT, intention to treat; Δ=Cortisol levels after the PST−Cortisol levels before the PST. 
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PST relative fixation frequency on faces 

Time point × group 
 
 
Baseline  
Post training 1 
Post training 2 

 
 
 

0.21 (0.09) 
0.22 (0.11) 
0.29 (0.09) 

 
 
 

42 
40 
28 

 
 
 

0.20 (0.11) 
0.19 (0.11) 
0.19 (0.11) 

 
 
 

45 
44 
44 

<0.0001 
(F[2, 151]=8.26) 

 
0.57 
0.24 

<0.0001 

 
 
 
.. 
.. 

0.09 (0.05 to 0.13) 

 
 
 
.. 
.. 

0.94 

PST Pupil size 

Time point × group 
 
 
Baseline  
Post training 1 
Post training 2 

 
 
 

48.6 (10.3) 
49.2 (10.9) 
53.1 (10.0) 

 
 
 

42 
40 
28 

 
 
 

47.7   (9.7) 
49.6 (10.7) 
49.3   (7.6) 

 
 
 

45 
44 
44 

0.34 
 (F[2, 151]=1.09) 
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.. 
.. 
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PST Cortisol (Δ) 

Time point × group 
 
 
Baseline  
Post training 1 
Post training 2 

 
 
 

1.3   (5.7) 
.. 

0.4   (4.7) 

 
 
 

43 
.. 

28 

 
 
 

2.0   (6.8) 
.. 

0.7   (4.7) 

 
 
 

46 
.. 

44 

0.74 
(F[1, 70]=0.11) 

 
.. 
.. 
.. 
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Table S2. Level settings of the gaze exposure application. The levels were gradually increasing in 
difficulty, as operationalized by the emotional valence of the audience’s facial expressions, the size of the 
audience as well as the time required to maintain face gaze. While the absolute number of faces required to 
gaze at remained constant, the dwell time required on each face was increased in higher levels, resulting in a 
longer total dwell time on faces needed for successful level completion. 

 

 

 

Scenario Level 
Emotional 
valence of 
audience 

Size 
of 
audience 

Number of 
target faces 

Number of 
faces required 
to gaze at 

Dwell time 
required per 
face (s) 

Total dwell 
time required 
on faces (s) 

Proximity 1 Positive 2 2 8 7 56 

Proximity 2 Positive 4 4 8 8 64 

Proximity 3 Neutral 6 2 8 9 72 

Proximity 4 Neutral 6a 2 8 10 80 

Proximity 5 Negative 9a 3 8 11 88 

Proximity 6 Negative 12a 4 8 12 96 

Classroom 1 Positive 2 2 8 7 56 

Classroom 2 Positive 4 3 8 8 64 

Classroom 3 Neutral 8 4 8 9 72 

Classroom 4 Neutral 12 4 8 10 80 

Classroom 5 Negative 16 5 8 11 88 

Classroom 6 Negative 21 6 8 12 96 

Lecture hall 1 Positive 4 2 8 7 56 

Lecture hall 2 Positive 8 4 8 8 64 

Lecture hall 3 Neutral 16 6 8 9 72 

Lecture hall 4 Neutral 32 6 8 10 80 

Lecture hall 5 Negative 64 6 8 11 88 

Lecture hall 6 Negative 100 7 8 12 96 
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4.3 Augmented reality exposure therapy for specific phobias 

Whereas VR brings the user into a digitally created environment, AR brings a digitally created object into 

the user’s own environment. As a result, AR requires less time and cost to be developed and has the 

advantage of having to create only one object rather than an entire environment. Since single objects are 

much simpler than full environments, they can be created with a high degree of realism as well as with 

personal relevance to each user (Vinci et al., 2020a). With the additional element of interaction with the 

feared stimuli and seeing one’s own body, AR offers promising features to create engaging treatment 

options for exposure-based treatments for specific phobias (Baus & Bouchard, 2014; Vinci et al., 2020a). 

AR has been used in entertainment and gaming, maintenance, architecture, education in general 

as well as medical training in specific and in cognitive and motor rehabilitation (Chicchi Giglioli et al., 

2015). In clinical psychology, AR has mainly been tested for the treatment of small animal phobias, such 

as cockroaches and spiders, showing clinically relevant effect sizes in reducing fear and avoidance 

behavior (Botella et al., 2010, 2016; Wrzesien et al., 2013). The AR then was desktop-based, needed a 

special headset and markers to detect the surface in order to place the virtual objects. The technological 

developments of smartphones have made it possible to display AR objects without any further devices, 

increasing the overall practicability and flexibility. Recent studies on substance abuse showed cue 

reactivity (e.g. cravings, urges) with large effect sizes for cue exposure in AR, indicating its suitability for 

exposure therapy even beyond small animal phobia (Brandon et al., 2021; Vinci et al., 2020b). A 

preliminary meta-analysis suggests that AR-based exposure therapies can be as effective as VRET or in 

vivo exposure (Suso-Ribera et al., 2019).  

In our third study C), we utilized the recent developments in AR technology and smartphones to 

project virtual objects into the real environment without any marker or further devices. We investigated the 

effectiveness of the developed AR smartphone app Phobys to reduce fear and avoidance behavior in 

individuals with fear of spiders. The intervention, too, is designed as a stand-alone home-training with an 

automated and gamified AR exposure scheme, navigated by touch with a simple, playful user interface 

(UI). The stimuli – a 3D spider model – is projected into the user’s real environment, allowing a different 

type of immersion and interaction. In comparison to previous AR exposure studies on small animals, no 

further guidance is needed. This study sets itself apart by investigating the first AR app of its kind and 

additionally, testing its effectiveness in a real-life setting in addition to subjective measures.  
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4.3.1 Effectiveness of a smartphone-based, augmented reality exposure app to 
reduce fear of spiders in real-life: A randomized controlled trial  
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A B S T R A C T   

Although in vivo exposure therapy is highly effective in the treatment of specific phobias, only a minority of 
patients seeks therapy. Exposure to virtual objects has been shown to be better tolerated, equally efficacious, but 
the technology has not been made widely accessible yet. 

We developed an augmented reality (AR) application (app) to reduce fear of spiders and performed a ran-
domized controlled trial comparing the effects of our app (six 30-min sessions at home over a two-week period) 
with no intervention. Primary outcome was subjective fear, measured by a Subjective Units of Distress Scale 
(SUDS) in a Behavioural Approach Test (BAT) in a real-life spider situation at six weeks follow-up. 

Between Oct 7, 2019, and Dec 6, 2019, 66 individuals were enrolled and randomized. The intervention led to 
significantly lower subjective fear in the BAT compared to the control group (intervention group, baseline: 7.12 
[SD 2.03] follow-up: 5.03 [SD 2.19] vs. control group, baseline: 7.06 [SD 2.34], follow-up 6.24 [SD 2.21]; 
adjusted group difference -1.24, 95 % CI -2.17 to -0.31; Cohen’s d = 0.57, p = 0.010). 

The repeated use of the AR app reduces subjective fear in a real-life spider situation, providing a low-threshold 
and low-cost treatment for fear of spiders.   

1. Introduction 

Specific phobias are among the most common anxiety disorders, with 
an estimated lifetime prevalence ranging from 3% to 15 % (Eaton, 
Bienvenu, & Miloyan, 2018), with fears of animals such as spiders rep-
resenting one of the most common form (Oosterink, De Jongh, & 
Hoogstraten, 2009). For those affected, exposure to spiders induces 
immediate emotional and physiological reactions such as intense fear, 
panic or disgust, and accelerated heart rate, often resulting in avoidance 
of the feared stimulus (American Psychiatric Association, 2013; Davey, 
2011). These reactions can impede people doing a variety of daily-life 
activities, resulting in functional impairment for the sufferers, a nega-
tive impact on interpersonal interactions and quality of life in general 
(Bandelow & Michaelis, 2015). Many studies have demonstrated that 

exposure-based treatments are among the most effective treatments for 
specific phobias including fear of spiders. The current gold-standard is in 
vivo exposure therapy, during which therapists expose patients to the 
feared stimuli in real-life (Choy, Fyer, & Lipsitz, 2007; Wolitzky-Taylor, 
Horowitz, Powers, & Telch, 2008). 

However, many patients with specific phobias do not seek profes-
sional help, because they adapted their daily lives to their fear by trying 
to avoid any contact with the feared stimulus, e.g. a spider (Bandelow & 
Michaelis, 2015). Among the main reasons for the underuse of in vivo 
therapy ranks the fear of being exposed to a real phobic stimulus 
(Chambless & Ollendick, 2001). Further, there is a high drop-out rate of 
in vivo exposure treatment due to low acceptance (Choy et al., 2007). In 
vivo exposure therapy can be also challenging for psychotherapists. The 
intensity and level of perceived threat for the patient can never be fully 
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controlled by the therapists, which might lead to concerns that exposure 
might be too stressful for their patients (Cook, Biyanova, Elhai, Schnurr, 
& Coyne, 2010; Öst, 1989). Additionally, for logistic reasons, in vivo 
exposure treatment can be challenging and time consuming. Conse-
quently, there is a need for novel exposure-based treatment approaches 
that circumvent the raised limitations of conventional in vivo treatment. 

The increasing success of using virtual reality (VR) in therapeutic 
settings has been documented in several studies. Virtual reality exposure 
therapy (VRET) has been demonstrated to be an effective and empiri-
cally validated alternative to in vivo exposure for several specific pho-
bias (Carl, Stein, & Levihn-Coon, 2018; Wechsler, Kümpers, & 
Mühlberger, 2019). Furthermore, it has been reported that patients 
prefer exposure in VR over exposure in vivo (Garcia-Palacios, Botella, 
Hoffman, & Fabregat, 2007). Despite its good efficacy including transfer 
to real-life situations (Morina, Ijntema, Meyerbröker, & Emmelkamp, 
2015) and high acceptability for both patients and therapists, exposure 
in VR is still quite restricted to laboratories and experimental studies 
(Botella, Fernández-Álvarez, Guillén, García-Palacios, & Baños, 2017), 
and only a minority of clinicians offers VR treatment (Segal, Bhatia, & 
Drapeau, 2011). Reasons might be the fear of potential technical diffi-
culties, possible side effects of motion sickness, and the continuous 
monetary expenses for the latest equipment and software. 

A variant of VR is augmented reality (AR), which augments the real 
world with virtual elements in real time (Azuma, 1997). In the treatment 
context, AR presents the same advantages as VR (e.g. control over the 
way the exposure is conducted, easier access to the threatening stimuli, 
no risk of real danger for the patient, a reduction in preparation time, 
exposure in the comfort of the therapy room or home), and its devel-
opment only requires a few virtual elements to be designed, which re-
duces both costs and time of programming. Furthermore, a big 
advantage is that in AR the patient is able to see his or her own body 
while interacting with the virtual elements, which can enhance the pa-
tient’s engagement in the treatment (Baus & Bouchard, 2014). 

The use of AR in the treatment of mental disorders is still in its in-
fancy. A few studies have shown that desktop computer-based AR can be 
successfully used to reduce fear in small animal phobia (cockroaches and 
spiders) (Botella et al., 2016; Chicchi Giglioli, Pallavicini, Pedroli, Ser-
ino, & Riva, 2015). In a preliminary comparison to VRET and in vivo 
exposure, treatment with exposure through AR has been shown to be 
equally efficacious to reduce fear in small animal phobia (Suso-Ribera, 
Fernández-Álvarez, & García-Palacios, 2019). 

However, these treatments implementing AR were carried out under 
laboratory conditions and with continuous surveillance and guidance by 
an experimenter or clinician, limiting the translation into real-life 
practice. Additionally, these settings still needed markers in order to 
detect and specify the area in which the small animal should appear. A 
recent study showed the success of inducing fear of multiple animal 
species including spiders with a first markerless AR app (De Witte et al., 
2020), paving the way to use mobile AR apps also for the treatment of 
specific phobias in exposure-based interventions. 

In the present study, we developed a stand-alone, smartphone-based 
AR exposure app – Phobys – to reduce the fear of spiders. We also 
implemented game elements since it has been suggested that, with the 
appropriate design and use, digital games have the potential to be 
effective psychotherapeutic tools (Stetina, Felnhofer, Kothgassner, & 
Lehenbauer, 2012). The AR app was used as a home training with six 
30-min sessions over a two-week period. This set-up allowed treatment
under real-life and not laboratory conditions. We tested its effectiveness
in a randomized controlled trial in subjects with clinical and subclinical
fear of spiders. The main outcome measure, i.e. subjective fear in a
Behavioural Approach Test (BAT) with a real spider, as well as the
secondary outcome measures, such as the performance and subjective
disgust in the BAT and the questionnaires to assess fear of spiders, were
assessed at baseline and at six weeks follow-up.

2. Material and methods

2.1. Study design and participants

We performed a single-blind, parallel-group, randomized controlled 
trial to investigate real-life effectiveness of our stand-alone, smartphone- 
based gamified AR exposure app. We recruited physically healthy par-
ticipants with fear of spiders from the German speaking general popu-
lation of Switzerland by online advertisements. We included individuals 
with subclinical and clinical fear of spiders (DSM-5 (American Psychi-
atric Association, 2013)), aged 18–40 years. We excluded individuals if 
they currently received psycho- or pharmacotherapy, had ever been in 
treatment for fear of spiders or participated simultaneously in another 
study, showed signs of depression (Beck Depression Inventory II, BDI-II 
(Beck, Steer, Ball, & Ranieri, 1996) total score ≥ 20) or suicidal ideation 
(BDI-II item 9 > 0), had a physical illness or chronic medication intake 
(except intake of oral contraceptives), were pregnant or had a BAT score 
over 8 at baseline. Participants were instructed to abstain from alcohol 
and medication intake for 12 h and from psychoactive substances 
(including benzodiazepines) for five days before days of testing. 

The study protocol (including the definition of primary and sec-
ondary outcome measures and the statistical analysis plan) and all 
procedures were approved by the Ethics Committee of North-West and 
Central Switzerland (EKNZ) before the start of the study. All participants 
gave written informed consent for trial participation. Participants 
received a compensation of CHF 125.- for their participation. The study 
took place at the Division of Cognitive Neuroscience at the University of 
Basel, Switzerland. A clinical trial monitor oversaw data collection and 
entry according to a written monitoring plan approved by the EKNZ 
before trial conduction. This trial was registered at ClinicalTrials.gov 
with the identifier: NCT04162509. 

2.2. Randomisation and masking 

After study inclusion, participants were randomly (matched for the 
presence of a clinical diagnosis of fear of spiders and sex) allocated to the 
two groups (intervention group: gamified AR spider exposure app vs. 
control group: no intervention (all participants gained access to the app 
after trial participation)). We used two randomization lists for subjects 
with subclinical fear of spiders (male/female) and two for clinical fear of 
spiders (male/female). The groups were block-randomized within these 
randomization lists (in each block of six, three participants were 
randomly allocated to the intervention group and to the control group, 
respectively). The experimenter who collected the primary outcome 
measure in the real-life spider situation was unaware of the group 
assignment of the participants (single-blind). 

2.3. Procedures 

After a potential participant contacted the study team, more detailed 
information about the study was sent by email along with the main in-
clusion and exclusion criteria. Eligible participants were scheduled for 
the study. Before study enrolment, we checked all inclusion and exclu-
sion criteria and collected basic demographic data. Fear of spiders was 
assessed by the section for specific phobia of the diagnostic interview for 
mental disorders of the DSM-5 (American Psychiatric Association, 
2013). Depressive symptomatology and suicidal ideation were assessed 
by the Beck Depression Inventory (BDI-II (Beck et al., 1996), exclusion 
criteria BDI-II item 9 > 0, BDI-II total score ≥ 20). Alcohol consumption 
and intake of prescribed or illicit drugs were inquired about. Partici-
pants filled out questionnaires to collect baseline measures for their fear 
of and beliefs about spiders (Fear of Spiders Questionnaire (FSQ) (Szy-
manski & O’Donohue, 1995), German version (Rinck et al., 2002), 
Spider Phobia Beliefs Questionnaire (SBQ) (Arntz, Lavy, Van den Berg, 
& Van Rijsoort, 1993), German version (Pössel & Hautzinger, 2003)) 
and general self-efficacy (General Self-Efficacy Scale (GSE) (Schwarzer 
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& Jerusalem, 1995), German version (Schwarzer & Jerusalem, 1999)). 
Finally, we conducted the baseline Behavioural Approach Test (BAT) in 
real-life that included the assessment of our primary outcome, the 
Subjective Units of Distress Scale (SUDS) of fear. 

The BAT in vivo procedure was similar to the one used by Las-
s-Hennemann and Michael (2014). Participants were placed in front of a 
closed room and were asked to open the door and approach a living 
house spider measuring about 5 cm, which was placed in a sealed 
transparent plastic container on a table at the far end of the room. 
Participants were requested to approach the spider and interact with it 
as far as possible. In detail, the BAT comprised 13 steps: 0 = refuses to 
enter the test room, 1 = stops 5 m from the container, 2 = stops 4 m from 
the container, 3 = stops 3 m from the container, 4 = stops 2 m from the 
container, 5 = stops 1 m from the container, 6 = stops close to the 
windowsill with the container, 7 = touches the container, 8 = removes 
the lid, 9 = puts a hand in the container, 10 = touches the spider with 
one forefinger, 11 = holds the spider less than 20 s, and 12 = holds the 
spider for at least 20 s. Theses scores ranging from 0 to 12 were given 
when the BAT was completed (max. 3 min) or the participant indicated 
not be able to proceed any further during the BAT. To counteract a 
possible ceiling effect, we excluded participants who were already able 
to insert their hand into the box (step 9 of the 13 steps) during the 
baseline BAT. 

Subsequently, participants of the intervention group received a short 
description of the mechanisms underlying exposure therapy and on how 
to use the AR app during their home training on the smartphones they 
were given. They further filled out a scale on credibility/expectancy for 
improvement (Borkovec & Nau, 1972). At the end of the first study day, 
all participants were assessed for adverse events and sent home if no 
safety concerns were present. 

At follow-up six weeks later, we first asked about intake of alcohol or 

medications. Afterwards, we conducted the BAT, re-assessed the fear of 
spiders by the section for specific phobia of the diagnostic interview for 
mental disorders for DSM-5 (American Psychiatric Association, 2013) 
and participants again filled out the FSQ, SBQ and GSE and additionally 
one item each for self-reported reduction of fear and disgust in real-life. 
The intervention group additionally filled out a usability scale and a 
questionnaire concerning their feeling of immersion (Georgiou & Kyza, 
2017). 

2.4. Intervention 

The AR app Phobys (Fig. 1) consists of eight levels with a pre-defined 
length of 2 min and a ninth level, which only lasts 30 s. Once the user 
opens the AR app, all the information on how to use it is given in written 
form. Task instructions (e.g. looking at the spider, approaching it, 
putting the hand underneath it) are given via small text pop-up win-
dows. Each level starts with a surface scan of either a table, wall or the 
floor with a distance of approx. 1 m to the surface, followed by a tap on 
the display, which places the virtual spider in the scanned area and starts 
the timer of 2 min for level one to eight and 30 s for level nine, 
respectively. 

The levels comprise different tasks of exposure and interaction with a 
realistic 3D AR spider model as follows: In level one, after the initial tap 
on the display to place the virtual spider, the user is instructed to stay at 
the distance of approx. 1 m to the table and watch the spider, which is 
not moving, from all sides. In level two, the user is instructed to move 
the smartphone closer to the spider until a sound indicates the distance 
to stop and watch the spider, which is not moving, from all sides. In level 
three, which is otherwise similar to level two, a certain distance 
(without sound) triggers the spider model to lift its front legs. In level 
four, the user is again instructed to approach the spider with the 

Fig. 1. Phobys. A) User interface, B) 3D AR spider model, and C) third person view of the app of level 5.  
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smartphone, whereby a certain distance (without sound) triggers the 
spider to walk away. Moving the smartphone back towards the user’s 
body leads the spider to be walking towards the user, after which the 
task is repeated. In level five, the user is instructed to put the hand 
underneath the spider model. A net-icon should be tapped additionally 
to let the spider walk around in circles. In level six, the initial tap on the 
display places two spiders in the scene. Again, a net-icon should be 
tapped to allow the spiders to walk in circles and the user is asked to put 
the hand underneath them. For level seven, the smartphone is required 
to face a wall. Tapping on the display places ten spiders in the scene. The 
task is to collect the spiders by approaching them with the smartphone. 
Each spider disappears at a certain distance, accompanied by a sound 
effect. The spiders reappear after 10 s and should be continuously 
collected until the end of the level. For level eight, the smartphone is 
required to face the floor. Tapping on the display places many spiders in 
the scene with a path between them. The task is to follow the path and 
walk through the group of spiders, if possible several times. Level nine 
starts exactly as level one, with the smartphone facing the table and the 
placement of one spider in the scene through tapping on the display. 
However, this time a timer of only 30 s is started. The user is instructed 
to move the smartphone closer to the spider. A close distance triggers a 
kiss sound and hearts floating across the screen. 

After each level a rating of fear and disgust on a continuous Sub-
jective Units of Distress Scale (SUDS) from 0 to 10 is given as well as an 
indication, whether the tasks have been completed. From the first level 
the user proceeds to further levels according to a pre-defined exposure 
scheme. The users will repeat each level until their SUDS ratings of fear 
are 4 or below and have successfully completed the task. 

The ratings are then followed by either a unique image (GIF) of an 
entertaining cartoon spider and rewarding sound effects if the level is 
completed (e.g. a spider clapping with a sound of cheering voices) or a 
standard screen informing the user that the current level will be 
repeated. This stepwise exposure is similar to the procedure developed 
by Öst for an in vivo intensive one-session exposure treatment for spider 
phobia (Chambless & Ollendick, 2001; Öst, 2012). 

The AR app Phobys was developed at the University of Basel, 
Switzerland using Unity3D (version 2018.3.11f1 [64-bit] Unity Tech-
nologies, San Francisco, CA, USA) under MacOS Mojave (version 
10.14.6) and compiled into a standard Android Package (.apk) file. The 
visual material of the user interface (UI) was created with Illustrator CC 
(version 2019), the GIF-files with a duration per frame of 0.1 s were 
animated in Photoshop CC (version 2019). The UI itself was designed in 
Sketch (version 56). The audio material (such as the sound effects) was 
produced using Ableton Live 10 Suite (version 10.0.1) under MacOS 
Mojave (version 10.14.6). The 3D spider model has been created by 
Computer Graphic (CG) designer, M. Gabriel Casamasso (artstation. 
com/gabrielcasamasso). Blender (version 2.79b) was used to create the 
spider geometry CG model. Inverse Kinematics (IK) was applied to the 
articulated spider body to enable the animations (walking, idle and 
attack animations were manually created in 1 s time slots that contain 30 
movement frames). The Blender material was saved as texture and 
compiled into Filmbox (.fbx) files to make them usable in Unity3D. For 
the study, the AR app was installed on Samsung smartphones (Galaxy 
S8, Exynos 8895, 6.20′′, 64 GB, resolution: 2960 × 1440 px, memory: 4 
GB) running Android 8.0. With the installation of the app also ARCore 
(version 1.10) was installed to run the augmented reality elements, ac-
cess to the camera was allowed and the volume for the sound effects was 
set. After that, no further setting changes or internet connection were 
necessary to use the app and all data was stored locally. 

Participants in the current study were requested to train 6 × 30 min 
(always starting from the first level, irrespective of achieved level) over 
a two-weeks span on any chosen day with the single restriction to train 
only once a day. For each training, date, time and ratings were logged 
automatically and locally on the smartphones and assigned to the 
participant number. 

2.5. Outcomes 

The primary outcome measure, as defined in the protocol, was sub-
jective fear (SUDS, range 0–10) in the BAT with a real-life spider. Our 
secondary outcomes were performance (range 0–12) as well as the 
subjective disgust (SUDS, range 0–10) in the BAT, the Fear of Spiders 
Questionnaire (FSQ Szymanski & O’Donohue, 1995, German version 
Rinck et al., 2002), the Spider Phobia Beliefs Questionnaire (SBQ Arntz 
et al., 1993, German version Pössel & Hautzinger, 2003), and one 
question to assess self-reported reduction of fear of spiders. 

The FSQ is a self-report questionnaire and measures avoidance 
behaviour as well as fear of harm. It consists of 18 items on a 7-point 
scale (0 = not at all true to 6 = very true, α = 0.96 (Rinck et al., 
2002), range 0–108) with higher scores indicating greater severity 
(Rinck et al., 2002; Szymanski & O’Donohue, 1995). The SBQ is a 
self-report questionnaire and specifically assesses spider-related cata-
strophic cognitions. It consists of 48 items (0 % = I do not believe that at 
all to 100 % = I am absolutely convinced, α = 0.98 (Pössel & Hautzinger, 
2003)), separated into spider-related and self-related beliefs, with 
higher scores indicating greater severity (Arntz et al., 1993; Pössel & 
Hautzinger, 2003). In the self-reported reduction of fear item, participants 
were asked to self-rate their subjective reduction in fear of spiders in 
daily-life on a single scale in a range of 0 to 10 (0 = not at all and 10 = a 
lot). 

Other outcomes of interest were self-reported reduction of disgust of 
spiders, the General Self-Efficacy Scale (GSE, German version 
(Schwarzer & Jerusalem, 1995, 1999)), a credibility/expectancy for 
improvement scale (Borkovec & Nau, 1972), a scale for usability of the 
app, and the Augmented Reality Immersion Questionnaire (ARI (Geor-
giou & Kyza, 2017)). 

In the self-reported reduction of disgust item, participants were asked 
to self-rate their subjective reduction in disgust of spiders in daily-life on 
a single scale in a range of 0 to 10 (0 = not at all and 10 = a lot). 

The GSE (Schwarzer & Jerusalem, 1995, 1999) consists of 10 items 
on a 4-point scale (1 = not at all to 4 = very much, α = 0.76 Schwarzer & 
Jerusalem, 1999), range 10–40) assessing the general self-efficacy 
within unknown, difficult situations. 

The credibility/expectancy for improvement scale (Borkovec & Nau, 
1972) consists of five items on the expectations for treatment 
improvement on an 11-point scale (0 = not at all to 10 = very much, α =
0.81 (Borkovec & Nau, 1972), range 0–50) and was translated into 
German and adapted to our app. 

The scale for usability was specifically created for the purpose of this 
study and the app and consisted of eight items on a 11-point scale (0 =
not at all to 10 = very much, range 0–80) regarding e.g. its functionality 
and design, and four open format questions for general feedback (see 
supplementary materials). 

The ARI (Georgiou & Kyza, 2017) is a self-report questionnaire 
consisting of 21 items on a 7-point scale (0 = not at all to 6 = very much, 
α = 0.90 (Georgiou & Kyza, 2017), range 0–126) regarding the partic-
ipants’ immersive experience with the AR app, which we translated into 
German and adapted to our app. 

2.6. Statistical analyses 

We used linear models in combination with ANOVA (SS II). The 
analyses were done in R (version 3.6.2, GUI 1.70 (R Development Core 
Team, 2012)). Dependent variables were our pre-defined primary, sec-
ondary and other outcome measures, each investigated in a separate 
model. The independent variable was the between-subject factor group 
(intervention or control). As per protocol, the corresponding measures 
from the baseline were separately included as covariates to account for 
potential baseline differences. Further covariates were sex, age, and 
diagnosis (clinical/subclinical). In case of significant interactions of 
covariates with the factor group, post-hoc tests were applied to describe 
the interaction. In case of no significant interactions of covariates with 
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the factor group, the two-fold interactions were removed from the sta-
tistical models. Other outcomes of interest were each analysed in an 
explorative manner and only nominal p values are reported if 
applicable. 

We present results as means (SDs) for the intervention and control 
group with associated two-sided p values, as well as adjusted group 
mean differences with 95 % CIs. P < 0.05 was considered significant for 
the primary outcome. For our five secondary outcomes, we set the sig-
nificance threshold to p < 0.01 (Bonferroni correction for five inde-
pendent tests). Outcomes of further interest were analysed in an 
explorative way (see appendix). 

Usually the steps in the BAT are considered and analysed as a 
continuous variable (Botella et al., 2016; Lass-Hennemann & Michael, 
2014). However, since the continuity of this test is arguable, we addi-
tionally performed a Kruskal Wallis test. 

We estimated Cohen’s d as effect size measurement. The estimate of 
d was based on the t value of the linear models. Therefore, d is corrected 
for the effects of all confounding variables included in the linear model. 
By convention, d = 0.2 is considered to be a small, d = 0.5 a medium and 
d = 0.8 a large effect (Cohen, 1992). 

According to previous AR exposure studies to treat fear of small 
animals including spiders (Botella et al., 2016), we expected large effect 
sizes. Based on a power analysis using ANOVA with repeated measure-
ments (r = 0.5) and between factors assuming to detect a large effect size 
(f = 0.4) with a power of 95 % and α = 0.05 (software: G*Power 3.1) 32 
participants in each of the 2 groups are needed resulting in 64 
participants. 

3. Results 

Between October 7, 2019 and December 6, 2019, 71 individuals 
were screened for trial participation, of whom 5 were excluded after 
screening. Consequently, 66 individuals were enrolled, of whom 33 
were randomly allocated to use the AR app (intervention group) and 33 
were allocated to the control group. 66 participants (35 fulfilling DSM-5 
criteria for spider phobia) completed the study as planned and were 
analysed (Fig. 2). Participants’ baseline characteristics were balanced 
across groups (Table 1). Final data was collected on December 6, 2019. 
No dropouts or adverse events occurred. 

Concurrent validity between baseline variables SUDS of fear in BAT, 
performance in BAT, SUDS disgust in BAT, FSQ, and SBQ were assessed 
using Spearman’s rank correlation coefficient (rs), which was found to 
be moderate with a range of rs≥|0.34| and rs≤|0.52| (all p < 0.006; all n 
= 66). 

Test-retest reliability was determined by calculating intra-class cor-
relation coefficients (ICCs) separately between Visit 1 and Visit 2 for all 
outcome measures (SUDS of fear in BAT, performance in BAT, SUDS of 
disgust in BAT, FSQ, SBQ) within the control group. ICC estimates were 
calculated using the psych-package (Revelle, 2021) in R based on 
single-rating, consistency, 2-way mixed models. 

Because an exposure in a baseline measurement may affect the scores 
of the outcomes in a systematic way, we additionally calculated ICC 
estimated based on single-rating, consistency, 2-way random effect 
models. Here, we found a good degree of reliability between Visit 1 and 
Visit 2 SUDS of disgust in BAT (ICC = 0.75, F(32,32) = 9.1, p < 0.0001), 
moderate degree of reliability between Visit 1 and Visit 2 in BAT ratings 
(ICC = 0.72, F(32,32) = 13.2, p < 0.0001) and SBQ ratings (ICC = 0.51, 
F(32,32) = 4.9, p < 0.0001), and poor reliability between Visit 1 and 
Visit 2 SUDS of fear in BAT (ICC = 0.35, F(32,32) = 3.2, p = 0.0008), 
and FSQ (ICC = 0.28, F(32,32) = 3.7, p = 0.0002). 

Uptake of the AR app: 28 (85 %) of 33 participants completed at least 
one session (30 min), 23 (70 %) at least 1 h, and 11 participants (33 %) 
at least 2 h of AR exposure. Five (15 %) had an exposure time under 30 
min. The mean total time of app use was 91.12 min (SD 44.23). 

Since all randomized participants completed the trial and no proto-
col violations were observed, the per protocol analysis was identical to 

an intention to treat (ITT) analysis. The analysis revealed that the 
repeated administration of the AR app led to significantly lower sub-
jective fear in the BAT compared to the control group (intervention 
group, baseline: 7.12 [SD 2.03], follow-up: 5.03 [SD 2.19] vs. control 
group, baseline: 7.06 [SD 2.34], follow-up 6.24 [SD 2.21]; adjusted 
group difference -1.24, 95 % CI -2.17 to -0.31; Cohen’s d = 0.57, p =
0.010). Further, the steps reached in the real-life BAT were significantly 
higher in the intervention group compared to the control group (inter-
vention group, baseline: 5.27 [SD 2.32], follow-up: 6.76 [SD 2.40] vs. 
control group, baseline: 4.97 [SD 2.52], follow-up: 5.42 [SD 2.67]; 
adjusted group difference 1.05, 95 % CI 0.46 to 1.64; Cohen’s d = 0.41, p 
= 0.00068). Similar results were found for the subjective ratings of 
disgust, the questionnaires and participants’ perceived reduction of fear. 
There was a significant reduction in subjective disgust in the BAT of the 

Fig. 2. Trial profile. BAT = Behavioural Approach Test.  

Table 1 
Baseline characteristics.   

Intervention (n = 33) Control (n = 33) 

Sex   
Male 7 (21 %) 7 (21 %) 
Female 26 (79 %) 26 (79 %) 

Age (years) 24 (18− 39) 24.5 (18− 39) 
Ethnic origin   

Caucasian 28 (85 %) 29 (88 %) 
Asian 3 (9%) 1 (3%) 
Other 2 (6%) 3 (9%) 

Diagnosis of arachnophobia 18 17 
Education   

Highschool/vocational education 7 (21 %) 4 (12 %) 
College/university 26 (79 %) 28 (85 %) 
Other 0 1 (3%)  
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intervention group compared to the control group (intervention group, 
baseline: 7.18 [SD 2.80], follow-up: 6.09 [SD 2.60] vs. control group, 
baseline: 7.06 [SD 2.76], follow-up 7.03 [SD 2.50]; adjusted group 
difference -1.03, 95 % CI -1.80 to -0.26; Cohen’s d = 0.41, p = 0.0098). 
The reductions of fear and disgust in in the BAT were significantly 
correlated in the intervention group (rs = 0.53, p < 0.0001, spearman 
correlation of deltas) but not in the control group. A reduction of fear in 
the intervention group compared to the control group was further shown 
by corresponding questionnaires (FSQ: intervention group, baseline: 
70.24 [SD 19.46], follow-up: 42.18 [SD 19.75] vs. control group, 
baseline: 68.15 [SD 17.73], follow-up 65.12 [SD 19.15]; adjusted group 
difference -24.42, 95 % CI -31.60 to -17.24; Cohen’s d = 1.30, p <
0.0001; SBQ: intervention group, baseline: 54.53 [SD 20.33], follow-up: 
38.81 [SD 19.59] vs. control group, baseline: 55.16 [SD 16.94], follow- 
up 54.99 [SD 17.98]; adjusted group difference -15.78, 95 % CI -22 to 
-9.55; Cohen’s d = 0.85, p < 0.0001) and participants’ subjectively
perceived reduction of fear (intervention group: 3.76 [SD 2.51] vs.
control group: 1.03 [SD 2.07], adjusted group difference 2.73, 95 % CI
1.60 to 3.85; Cohen’s d = 1.20, p < 0.0001) (Table 2).

All intervention effects were independent of the presence of a DSM-5 
diagnosis (p ≥ 0.5 for interactions between diagnosis and intervention 
group) for the primary and secondary outcome measures. No significant 
interactions were found between the factor group and the covariates age 
and sex for the primary outcome (p ≥ 0.7) and all secondary outcomes (p 
≥ 0.2, corrected for multiple comparison), except for the SBQ, where we 
found a significant interaction with sex (p = 0.0070). Post-hoc analyses 
indicated a reduction of the SBQ score of the intervention group 
compared to the control group for women (intervention group, baseline: 
58.18 [SD 16.21], follow-up: 38.48 [SD 17.93] vs. control group, 
baseline: 55.34 [SD 14.61], follow-up 56.53 [SD 15.79]; adjusted group 
differences -20.20, 95 % CI -27.28 to -13.11; Cohen’s d = 1.24; p <
0.0001), but not for men (p = 0.48). 

The analyses additionally showed a significant effect of subjectively 
perceived reduction of disgust between the intervention and control 
group (intervention group, follow-up: 2.42 [SD 2.42] vs. control group, 
follow-up 0.52 [SD 1.37]; adjusted group difference 1.91, 95 % CI 0.93 
to 2.90; Cohen’s d = 0.98, p = 0.00025). Treatment did not affect 
general self-efficacy, GSE (p = 0.83). 

We looked at the credibility/expectancy for improvement, the us-
ability and the immersion in a descriptive manner, to gain feedback from 
the intervention group. Analyses show an average credibility/expec-
tancy for improvement of 35.49 (SD 5.97, range 21–46). The overall 
acceptability of the AR app was very good, and its usability, design and 
functionality were rated as very appealing with an average value of 51 
(SD 16.47, range 7–80). The participants showed an average immersion 
value of 76.85 (SD 19.07, range 17–90). 

In the literature, the BAT is widely considered and analyzed as a 
continuous variable. In addition to the parametric tests, we also report 
results from a non-parametric Kruskal Wallis test with eta2 as effect size 
showing that the previously reported effects of the treatment for the 
performance in BAT remained significant (H(1) = 4.56, p = 0.033, eta2 

= 0.056). 

4. Discussion

We report that repeated home-use of the stand-alone, smartphone- 
based, gamified AR exposure app was effective in the reduction of 
phobic fear in participants with fear of spiders. Specifically, the app use 
led to reductions in fear, disgust and avoidance behaviour at medium 
effect sizes when tested in a real-life situation, and to reductions at large 
effect sizes in questionnaire-based fear measures. 

Studies with in vivo exposure therapy or desktop-based AR exposure 
treatments typically report large effect sizes. The AR exposure treat-
ments in those studies were carried out under laboratory conditions and 
continuous surveillance and guidance by an experimenter or clinician 
(Botella et al., 2016; Chicchi Giglioli et al., 2015; Suso-Ribera et al., 

2019). In our study, participants carried out the treatment by themselves 
in their homes. This unsupervised form of treatment resulted in indi-
vidual differences in the actual exposure time. The reasons for less 
exposure may have been compliance issues or technical challenges. The 
latter were mainly due to issues of a correct surface detection by the app. 
Despite these challenges and based on the participants’ feedbacks in the 
usability questionnaire, the overall acceptability of the AR app was very 
good, and its usability, design and functionality were rated as very 
appealing by the participants. It is noteworthy that even with an average 
exposure time of approx. 90 min instead of the suggested 180 min, the 
fear of spiders was reduced at clinically relevant effect sizes, although 
we can of course not exclude that the placebo effect contributed to the 
observed effects. Importantly, we showed the benefits of our interven-
tion in a real-life spider situation on subjective fear and disgust as well as 
on the objectively measurable behavioural level (BAT). Finally, we 

Table 2 
Outcome measures at both timepoints and differences between groups. Data are 
mean (SD), unless otherwise indicated. SUDS = Subjective Units of Distress 
Scale. BAT = Behavioural Approach Test. FSQ = Fear of Spiders Questionnaire. 
SBQ = Spider Beliefs Questionnaire.   

Intervention 
(n = 33) 

Control 
(n = 33) 

Adjusted 
group 
difference 
(95 % CI) 

Effect 
size 
(Cohen’s 
d) 

p value 

Primary 
outcome      

SUDS of fear 
in BAT      

Baseline 7.12 (SD 
2.03) 

7.06 
(SD 
2.34) 

.. .. .. 

Follow-Up 5.03 (SD 
2.19) 

6.24 
(SD 
2.21) 

− 1.24 
(-2.17 to 
-0.31) 

0.57 0.010 

Secondary 
outcomes      

Performance 
in BAT      

Baseline 5.27 (SD 
2.32) 

4.97 
(SD 
2.52) 

.. .. .. 

Follow-Up 6.76 (SD 
2.40) 

5.42 
(SD 
2.67) 

1.05 (0.46 
to 1.64) 

0.41 0.00068 

SUDS of 
disgust in 
BAT      

Baseline 7.18 (SD 
2.80) 

7.06 
(SD 
2.76) 

.. .. .. 

Follow-Up 6.09 (SD 
2.60) 

7.03 
(SD 
2.50) 

− 1.03 
(-1.80 to 
-0.26) 

0.41 0.0098 

FSQ      
Baseline 70.24 (SD 

19.46) 
68.15 
(SD 
17.73) 

.. .. .. 

Follow-Up 42.18 (SD 
19.75) 

65.12 
(SD 
19.15) 

− 24.42 
(-31.60 to 
-17.24) 

1.30 <0.0001 

SBQ      
Baseline 54.53 (SD 

20.33) 
55.16 
(SD 
16.94) 

.. .. .. 

Follow-Up 38.81 (SD 
19.59) 

54.99 
(SD 
17.98) 

− 15.78 
(-22 to 
-9.55) 

0.85 <0.0001 

Reduction of 
fear      

Baseline .. .. .. .. .. 
Follow-Up 3.76 (SD 

2.51) 
1.03 
(SD 
2.07) 

2.73 (1.60 
to 3.85) 

1.20 <0.0001  

A. Zimmer et al.



found that treatment effects were independent of the presence of a 
DSM-5 diagnosis of specific phobia, indicating the app to be a beneficial 
intervention for both subclinical and clinical fear of spiders. 

Our study has several limitations. First, it was framed as a 
smartphone-based intervention to treat fear of spiders. This might have 
led to a selection bias of participants willing to use modern technologies 
for treatment purposes, potentially reducing the generalizability of the 
findings. Second, we only included participants aged 18–40, reducing 
the generalization of the findings to the older generation. Third, from 
the current data we do not know whether treatment effects outlast the 
six weeks we assessed. Fourth, we only tested one intervention regime of 
6 × 30 min over a two-week period. We do not know, if other treatment 
regimes would have led to other results. Fifth, please note that the test- 
retest reliability was lower for SUDS fear in BAT than for SUDS disgust in 
BAT and BAT performance. Sixth, as we did not conduct a full diagnostic 
interview, we cannot make any statement on the possible influences of 
other comorbid specific phobias. Last, we did not include a direct 
comparison to other evidence-based interventions. 

Even though our understanding of the underlying mechanisms of 
exposure has evolved and therapy protocols are constantly being 
improved through strategies targeting the cognitive aspects of fear (i.e. 
inhibitory learning, violation of expectancy, dysfunctional beliefs, self- 
efficacy), there is still a number of individuals experiencing a return of 
fear (Craske, Treanor, Conway, Zbozinek, & Vervliet, 2014; Tardif, 
Therrien, & Bouchard, 2019). We see a great potential in our 
smartphone-based, stand-alone AR exposure app to act as a comple-
mentary tool for psychotherapy and especially as a re-booster or 
re-fresher of the learned associations and strategies to cope with fear of 
spiders in real-life. 

Recent literature emphasized the role of disgust in small animal 
phobia, especially in spider phobia (next to blood-injury-injection type 
and obsessive-compulsive disorder, OCD). It has been discussed, that the 
emotion of disgust might be much more treatment resistant than fear in 
the context of exposure-based intervention and might even be increased 
(Knowles, Jessup, & Olatunji, 2018). Our results show a similar reduc-
tion of fear and disgust for the intervention group, but interestingly not 
for the control group, here we see a slight decrease in fear but almost 
none in disgust. This observation needs to be further addressed, as well 
as the potential of the here developed app to target and treat disgust of 
spiders. 

5. Conclusion

Given the current underuse of conventional in vivo exposure therapy
for specific phobias, there is definitely a need for alternative evidence- 
based approaches. Smartphone-based interventions implementing AR 
technology for exposure purposes have the potential to become a game 
changer for the current dissemination problem of in vivo treatments. 
Apps are highly accessible due to the widespread use of smartphones in 
the general population. Furthermore, digital marketplaces are already in 
place to enable the dissemination of apps to practitioners or, as self-help 
tools, directly to patients. Smartphone-based exposure has all the ben-
efits mentioned for stationary AR and, in addition, it can be conducted 
both in the treatment rooms without cost-expensive gear and as a stand- 
alone add-on for homework in between sessions (blended treatment). 
Finally, the here presented beneficial effects of the gamified AR app are 
likely to encourage people to face their fears in a subtle and fun, yet 
effective way. 
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5 Discussion 
The currently available consumer hardware allows us to display immersive technologies with as little as a 

headset and our smartphones, offering accessible and scalable solutions to address mental health issues. 

This thesis gave an overview of the current clinical application of smartphone apps enriched through 

immersive technologies to facilitate the dissemination of exposure-based interventions for specific 

phobias. In the frame of this thesis, three randomized controlled clinical trials highlight the potential and 

challenges for smartphone apps with VR and AR as well as specific elements to enhance practicability, 

usability and engagement such as realistic 360° images and videos, gaze selection for navigation and 

gamification elements. 

In study A) we tested a stand-alone, automated and gamified VR exposure training for fear of 

heights. The training with three realistic scenarios with 360° images followed a predefined exposure 

scheme, thus no further cognitive elements or guidance were integrated. The results show a significant 

reduction of fear of heights in self-reported measures already after a single 1-hour session with the app 

EasyHeights compared to the control group. After repeated use in a 2-week home training (6 x 30 

minutes), the results indicate a significant reduction of subjective fear and additionally on a behavioral 

level with reduced avoidance behavior in a real-life situation on a tower. The app EasyHeights therefore 

offers an effective self-help tool to train exposure to heights. As an app-based intervention, it can be easily 

integrated into the daily life of those affected.  

In study B) a similarly built stand-alone VR training for fear of public speaking was investigated. 

Fearless Speech was not only designed to reduce fear in a speech situation but additionally improving eye 

contact behavior. This adds a unique feature to the exposure program and takes advantage of the 

technology of gaze control in mobile VR. Again, no further guidance or cognitive elements were 

integrated. The automated, gamified exposure to three virtual scenarios with 360° videos of a virtual 

audience lead to a significant reduction of fear and an increase in eye contact after repeated use in the 2-

weeks home training (9 x 20 minutes), but not after acute use in the single 1-hour session. The effects of 

the home training were again additionally tested in a real-life speech situation, showing significant results 

for fear reduction and improved eye contact. The results of the study and the app expands current 

literature on social anxiety in a sense that the app was specifically designed as an eye contact training 

which led to a significant reduction of fear. Fearless Speech offers a unique exposure program that omits 

the social interaction during the treatment. This aspect may display a key feature for socially anxious 

people to not seek professional help, since the contact to a therapist is already a situation leading to 

overwhelming feelings and anxiety and may amplify avoidance behavior or therapy dropout. 

In study C) AR was explored to reduce fear and avoidance behavior in fear of spiders. As the first 

app that implements an automated, gamified stand-alone AR exposure training with no further guidance or 

cognitive elements, this study especially marks the advancements of technology as compared to previous 

studies. No markers where needed for the surface detection and only a smartphone was necessary. 

Results showed a significant reduction of fear, disgust and avoidance behavior both on a subjective level 

measured through questionnaires and on a behavioral level in a real-life situation after the 2-weeks home 
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training (6 x 30 minutes) with the app Phobys. The app thus offers an effective self-help tool, which does 

not require further equipment besides the smartphone. 

All three apps of these randomized controlled trials are offering innovative and scalable solutions 

to the dissemination problem not only of exposure-based interventions in general but of immersive 

technology-based treatment options for specific phobias.  

Using 360° images of height situations and 360° videos of a virtual audience for the speech 

situations ads to the level of realism in VR, which is promising for complex situational fears e.g. fear of 

flying or certain natural environments such as fear of open water or storms. Using realistic visual material 

instead of CGI is also especially crucial in social situations to possibly avoid the uncanny valley effect 

(Mori, 1970). However, this would need further investigation and comparison to other VR scenarios with 

CGI. For mobile AR, a huge advantage and well-suited element to integrate to the treatment of specific 

phobias for animals and objects is the interaction with the AR model whilst seeing one’s own body. Again, 

it needs further investigation and comparison to other treatment regimens and in vivo. Nevertheless, 

interaction with the AR models offers a unique feature, especially for phobias where disgust is evoked 

alongside fear and avoidance, e.g. with spiders, insects, blood or vomit (Davey, 2011). The research of 

the past years has strongly focused on creating realistic VR, whereas the future lies at the intersection of 

technology and real life, creating high hopes for AR (Cipresso et al., 2018; Lindner, 2021; Riva, 2022). 

A challenge for mental health apps in general is compliance and adherence (Wilhelm et al., 2020). 

It has been proposed that gamification elements could promote treatment engagement, leading to more 

compliance and adherence (Nixon & Howard, 2013). However, they should serve as a motivator to 

increase task engagement and for specific phobias even overcome avoidance behavior, but not distract 

the individual from learning that the feared stimuli are not threatening (Hoffman & Chu, 2018). Our three 

apps all have gamification elements such as levels, points and rewards integrated that could enhance the 

engagement and adherence. Although stand-alone and automated treatment options such as our 

investigated apps have their own appeal and benefits, apps that include guidance (i.e., from a therapist or 

coach) have generally been found to have larger effects than stand-alone interventions (Baumeister et al., 

2021; Erbe et al., 2017; Wu et al., 2021). Given that stand-alone mental health apps require fewer 

resources than guided apps, identifying factors that might increase engagement and effectiveness without 

therapist involvement could greatly improve dissemination efforts (Wu et al., 2021). Increasing the number 

of engagement techniques may be beneficial also to our apps, to maximize their impact. Incorporating 

features to enhance a social community and connect users such as chats, a buddy-system or posts of 

successes may be the most likely way to engage those affected without the use of therapists or coaches. 

Furthermore, even though our results indicate that the element of exposure alone is sufficient to reduce 

phobic symptoms, the scalability of app-based interventions allows to be improved through strategies 

targeting the cognitive aspects of fear, e.g. inhibitory learning, violation of expectancy, reduction of 

dysfunctional beliefs and the increase of self-efficacy (Craske et al., 2014; Tardif et al., 2019). 

As a number of individuals experience a return of fear even after successful exposure 

interventions (Eaton et al., 2018; Mystkowski et al., 2002), there is great potential in our smartphone-

based, stand-alone VR/AR exposure apps to act as a complementary tool for psychotherapy and 
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especially as a re-booster or re-fresher of the learned associations and strategies to cope with specific 

phobias. In addition, they allow the users to adapt the training to their individual needs. 

The duration of the VR home training sessions was based on the suggested amount of time to 

spend in a VR scenario to avoid cybersickness and leaned on previous automated VR exposure studies. 

The duration of the whole training was based on the maximum amount of time indicated for an intensive 

one-session exposure (Davis et al., 2012). The duration of the AR home training was leaned on our VR 

interventions – though the limitations of cybersickness are nonexistent – and the intensive one-session 

protocols. However, to investigate this time as the right dosage, the training needs to be compared to 

other treatment regimes. Furthermore, individuals with mental health issues usually need to use app for a 

long time to realize the full benefit and avoid relapse of mental health disorders. Research has not yet 

been able to show the long-time effectiveness of mental health apps (So et al., 2013; Torous et al., 2018; 

Wu et al., 2021). Therefore, there is still a lack of evidence concerning app effectiveness on the long term. 

Our studies show effects of the app use after 4-6 weeks follow-ups, however, the long-term effectiveness 

would have to be investigated further.  

It is a crucial element to investigate the transfer of the effects in the virtual environment to real-life. 

This is also where our studies set themselves apart from previous studies on automated VR and AR 

interventions, usually only conducting self-reported or questionnaire-based measures. In all three studies, 

the effectiveness of the app-based interventions was shown in the self-reports and additionally in real-life 

settings, exposing the participants to real heights, a real speech situation and a real spider. Although, we 

tested the effectiveness in real-life settings the translation to clinical practice needs to be further 

investigated.  

For all studies is has to be mentioned, that participants were likely to be more interested in 

technology, therefore adding the limitation of a selection bias questioning the generalizability of our 

results. In the studies for fear of heights and spiders, the population consisted of participants with clinical 

and subclinical fear and the results were not dependent on the clinical status. For the study on fear of 

public speaking we had a healthy population with subclinical PSA. Therefore, it needs to be further 

investigated if the intervention also shows significant effects in a clinical population.  

Even though our studies could show significant fear reductions after only a 2-weeks home training 

with our stand-alone apps, the full clinical effect may come from lowering the threshold for individuals to 

subsequently encourage to expose themselves in everyday life situations, breaking the vicious circle of 

avoidance (Hofmann & Hay, 2018) or even considering an in vivo exposure therapy to strengthen and 

deepen the experience (Lindner et al., 2021a). 

It has now been over 25 years since the first mental health applications of VR technology 

appeared (Riva, 2022) and much has happened since, both in terms of scientific progression and 

technological advances. The release of consumer VR platforms constitutes a true paradigm shift in the 

development and dissemination of clinical VR, which continues to inspire new generations of interventions 

(Lindner, 2021). The rapid and ongoing development of AR systems presents the opportunity to harness 

the technical advances of VR, while overcoming many of its limitations. Overall, it may be said that the use 

of ARET has the potential of going well beyond the treatment of small animal phobia (Baus & Bouchard, 
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2014), providing novel treatment strategies for substance use disorders (Brandon et al., 2021) and OCD 

(Garcia-Batista et al., 2021).  

However, one technology is not simply better than the other because each technology has 

different strengths and weaknesses. The choice of which technology to apply depends on the scope of the 

application. Additionally, VR and AR are still developing technologies, posing limitations, challenges and 

changes for research and clinical practice (Lindner, 2021; Riva, 2022). Although mobile VR and AR 

interventions offer possible solutions of the dissemination problem and multiple trials and reviews have 

demonstrated their effectiveness, they have yet to become widespread beyond the research setting. 

Currently there is little translation into the ordinary clinical setting (Hilty et al., 2020; Mishkind et al., 2017).  

Staying current with new technologies in general and mental health apps in specific is a significant 

challenge for institutions, psychotherapists and psychological societies, requiring a new approach to 

teaching and clinical supervision to provide new knowledge and establish skills (Hilty et al., 2020). 

Guidelines and evaluation frameworks are being developed for mental health apps (Lagan et al., 2020, 

2021), though their diversity makes it difficult to select an appropriate framework to choose the right app 

(Chan et al., 2015; Torous et al., 2019). Additionally, they do not necessarily simplify the process of 

finding a mental health app and still require a significant effort on the part of the user, who must then 

review the products they have identified (Neary & Schueller, 2018). Although, people value ratings and 

peer reviews, consumer ratings do not seem to reflect clinical usefulness and show only moderate 

correlations with objective app quality rating scales (Lagan et al., 2020, 2021). While academics and 

clinicians aim to develop the most effective treatments, companies often focus more on the business 

aspects of product development and consumption. The lack of clear definitions and standards is harmful – 

not only to the field, where progress is impeded, but also to individuals with mental health issues, who 

may not know which app to trust (Ng et al., 2019). As it is more convenient to focus on those apps 

appearing early in search results with high ratings, educating patients about mental health apps is an 

important and evolving role for psychotherapists.  

The development of effective mental health apps relies on the interdisciplinary integration of the 

theoretical knowledge from academia, the technological know-how from industries and the appropriate 

implementation from clinicians and psychotherapists (Boeldt et al., 2019). Even though the hardware is 

often available at low cost, the software needs to be customized for each experiment or individual, which 

requires huge efforts in terms of development as well as time to design multiple environments and 

functionalities. Additionally, the time required to conduct an RCT and publish results does not align with 

the rapid development of apps. Trials often have extensive eligibility criteria, which slows recruitment and 

decreases generalizability (Neary & Schueller, 2018). Research collaboration between the healthcare and 

software engineering fields could help to further our knowledge of app functionality and effectiveness. This 

is a real-life challenge associated with any app evaluation effort where no gold standards exist. Therefore, 

collaborations between clinical research and software engineering as well as user-friendly app design – as 

we did in our app development and studies – is highly desirable. To facilitate the integration of mental 

health apps into clinical practice and enhance engagement, it is critical to involve clinicians, 



68 

psychotherapists and care takers as well as affected individuals into the development process (Ng et al., 

2019; Torous et al., 2019; Wilhelm et al., 2020). 

To conclude, mental health apps with immersive technologies hold a particular promise to reduce 

barriers of dissemination of exposure-based interventions for specific phobias. Their use as effective 

stand-alone tools for self-help could reduce stigmatization and reach individuals not seeking professional 

help out of avoidance. Even though their implementation into clinical practice needs to be further 

investigated, they provide scalable solutions in blended care settings. We find ourselves in interesting yet 

crucial times to take advantage of the technologies available to make mental health care more accessible, 

engaging, regulated and evidence-based. This field requires the combined mobilization and collaboration 

of researchers, clinicians, psychotherapists, engineers, designers and users as well as policy makers and 

investors to advance the development and implementation of innovative psychotherapies, evolving the 

way we assess, monitor and treat mental health issues. 
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