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Abstract

Background: Aviophobia(thefear of flying) can greatly impact the daily life functioning of peoplewith the condition. Traditional
exposure-based treatment is hampered by the limited availability of airplane practice situations, which is a result of economical
and practical concerns. Easily accessible and low-cost virtua reality exposure therapy may address these challenges.

Objective: The purpose of our study isto investigate the effectiveness of ZeroPhobia: Aviophobia (a self-help mobile app—based
treatment) in reducing flight anxiety symptoms and depressive and anxiety symptoms. We will also investigate the effects of
usage intensity, the sense of immersion, inherent absorption ability, and perceived user-friendliness on the treatment effect.

Methods: Participants (N=114) who are aged 18-64 years and experience at |east mild symptoms of aviophobiawill be recruited
from the general Dutch population and randomized into a treatment group or waitlist control group. By using their own phones
and rudimentary mobile virtual reality headsets, participantswill receive six modules of psychoeducation and cognitive behavioral
therapy, which will include six levels of virtual reality exposure therapy over aperiod of 6 weeks. Assessmentswill be conducted
at baseline, posttest (ie, after 6 weeks), and 3- and 12-month follow-ups. The primary outcome measure of our study isthe Flight
Anxiety Situations Questionnaire. The secondary outcome measures include anxiety and depression measures and additional
covariates (including usage intensity, the degree of immersion, etc). We will test treatment effectiveness by conducting an
intention-to-treat analysis and estimating average treatment effects on the treated. The mechanisms of treatment effect will also
be explored.

Results: The study was funded on September 25, 2018. Ethical approval was received on October 11, 2019. Recruitment closed
on May 7, 2020.

Conclusions: Our study will further the scientific understanding and clinical implications of technology’s current ability to aid
in providing effective, accessible treatment for the fear of flying.

Trial Registration: Netherlands Trial Registry NL70238.029.19; https.//www.trialregister.nl/trial /8257.
International Registered Report Identifier (IRRID): DERR1-10.2196/22008

(JMIR Res Protoc 2021;10(4):€22008) doi: 10.2196/22008
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Introduction

Aviophobia, or the fear of flying, is one of the most common
specific phobias. It has a lifetime prevalence rate of
approximately 13.2% [1]. An estimated 10%-35% of people
from Western Europe and North America experience enough
flight anxiety that they avoid flying or do so with great
discomfort and fear [2]. This avoidance, which is a common
characteristic of specific phobia, not only perpetuatesthisfear,
but also resultsininterruptionsto one's ability to livelife. Being
unable to visit family members abroad or having to quit ajob
that requires air travel are just two examples of how the fear of
flying can impact an individual [3]. The high degree of
aviophaobia s diffusive impact on day-to-day lifeis, in part, due
to the heterogeneity of the phobia. Aviophobia stems from a
range of subfearsand reasonsfor fear [2]. Anxiety toward flying
can berooted in afear of heights (acrophobia) or afear of small
or inescapable spaces (claustrophobia). Such anxiety can also
result from fears of a plane crashing or the inability to have
control over aflight experience[2]. Aviophobia, aswell as other
specific phobias, stands the risk of becoming chronic if left
untreated. It is also connected with the comorbid development
of other mental health problems [4]. Therefore, effective,
accessible, and affordabl e treatments are necessary.

Specific phobia is most commonly treated via cognitive
behavioral therapy with exposure therapy [5]. During exposure
therapy, a person is gradually exposed to their feared stimuli,
starting from their least to most feared stimulus. Exposure
therapy is most often conducted face-to-face with atherapist in
real-world (or in vivo) environments [6]. This design however
gives rise to several challenges, especially when it comes to
aviophabia. For instance, (1) monetary and temporal costs are
high due to the need for atherapist and real-world materialsfor
conducting an exposure (eg, plane tickets, time for traveling to
and from theairport or flight destination, etc) [7,8]; (2) waitlists
arelonger, again due to the need for atherapist over the course
of treatment [9]; and (3) many individualsaretoo afraid to begin
exposuretherapy or drop out before the therapy iscomplete due
to fears of exposures[10].

Researchers have already begun to search for new ways to
approach these challenges, including the implementation of
virtual reality (VR) technology. Unliketraditional methods, VR
exposure therapy (VRET) wuses computer-generated
environments for exposure, thus addressing the costs of travel
and stimuli for exposures. Additionally, research has shown
that individuals are less averse to beginning VRET and more
averseto beginning in vivo treatment dueto afear of confronting
feared stimuli inreal life [11].

Several studies on the fear of flying that use VRET have
demonstrated positive results [12,13]. A meta-analysis found
that VRET for the fear of flying was superior to control
conditions (g=1.35; P<.001) and classical evidence-based
treatments (g=0.35; P=.01) that included interventions that are
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used to conduct in vivo exposuretherapy [14]. Therefore, VRET
for the fear of flying isaviable aternativeto in vivo treatment.

Although VRET addresses many of the challenges in treating
patientswith aviophobia, most trestments still involve atherapist
to guide clients through the program [15]. This means that
waitlists for available therapists still impede people who seek
treatment. Several VRET studies have demonstrated the
potential of technological treatmentsto be effectively self-guided
[16-18]. Inthese VRET studies, participantsfollowed treatment
programs without a guiding therapist. However, they were still
required to complete sessionsin alab with an assistant present,
making these studies results less reflective of real-life
experiences.

ZeroPhobiaisaVRET program that was designed to investigate
whether VRET can in fact be completed at home without a
therapist and with basic equipment. This program only requires
the user to have a compatible phone (ie, one that contains a
gyroscope) and amobile VR headset, thus reducing the severity
of the aforementioned treatment barriers (temporal and monetary
costs, waitlistsfor an available therapist, and aversion to facing
real-life stimuli). Furthermore, it has been reported that
ZeroPhobia is effective in treating acrophobia, with an effect
size (d) of 1.14 (intention-to-treat [ITT] group compared to a
waitlist group) [15].

The primary aim of our study is to investigate whether
ZeroPhobia: Aviophobia (a self-help mobile app—-based
treatment) can effectively reduce flight anxiety symptoms by
using the most basic and affordable VR equipment (ie, amobile
VR headset and participants own smartphones) and whether
these improvements can be maintained in the long term. This
will be confirmed by analyzing changesin flight usage between
the pretest and posttest periods and at follow-up time points.
We will also test the effects of ZeroPhobia on anxiety and
depressive symptoms. Additionally, we aim to investigate
whether ZeroPhobia: Aviophobia is user-friendly, to measure
app usage intensity, and to determine whether participants felt
present and immersed in VR.

Although VR technology’s ability to induce feelings of “being
there” (presence) through immersive technology iswell known,
studies have found conflicting evidence on the importance of
presence for successful VRET [8,19-24]. One factor that could
influence this relationship is a person’s inherent ability to feel
like they have been transported into afantasy environment. This
feeling is known as absorption [24,25]. Studies have suggested
that during VRET with low-immersion technologies, an
individual’s degree of absorption is related to the efficacy of
the treatment [26]. Since ZeroPhobia uses relatively
low-immersion technology, absorption may be an important
mediating factor for our outcome. Therefore, absorption will
be explored.

We hypothesize that participants from the general Dutch
population who are randomized into the treatment group will
experienceagresater reductionin flight anxiety symptom severity
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between the pretest and posttest period compared to those in
the waitlist control group. We also hypothesize that this
reduction in flight anxiety symptom severity will be maintained
at the 3- and 12-month follow-ups. Additionally, we hypothesize
that individuals will experience less severe general anxiety and
depression after treatment. We further hypothesize that
ZeroPhobia: Aviophobiawill be rated as user-friendly and that
participants will feel immersed in VR environments. Finally,
we hypothesize that higher usage intensity, a higher sense of
presence, higher inherent absorption ability, and higher
perceived user-friendliness will be associated with a reduction
in flight anxiety symptom severity at posttest.

Methods

Study Design

Our study is a randomized controlled trial with a superiority
design. We will compare the following two conditions: the
intervention and waitlist control conditions. The duration of
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both the treatment intervention and waitlist waiting periods is
6 weeks. After the waiting period, participants who were
randomized into the control group will receive 6 weeks of
treatment.

A total of 114 participantswill be recruited, and each condition
group will include 57 participants. Further details are provided
in the “Sample Size" section of this paper. Participants in the
intervention group will complete web-based questionnaires at
baseline, posttest, and the 3- and 12-month follow-up time
points. Participants in the waitlist control group will complete
web-based questionnaires at baseline, at posttest, and after
receiving theintervention treatment. Figure 1 shows a participant
flowchart. Multimedia Appendix 1 includesaSPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials)
flow diagram.

Our study received ethical approval from the Medical Ethical
Committee of Vrije Universiteit Medical Center (registration
number: 2019-321). The study is registered in the Netherlands
Trial Registry (trial number: NL70238.029.19).
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Figure 1. Participant flowchart.

Fehribach et al

Individuals hear about our research via web-based and
offline advertisements and are referred to our website

Individuals apply to participate in the research (name

Individuals receive a screening questionnaire to confirm

Eligible individuals will be invited to provide informed

Recruitment
|
and email) via our website
Screening inclusion and exclusion criteria
Informed S :
Conzent consent after considering information letters and
brochures
Baseline Included participants receive and complete baseline
questionnaire
Banderization Participants are randomized to treatment or control
condition by an independent researcher via block
randomization

Condition Treatment Group: access is given to Waitlist Group: access is delayed for
the ZeroPhobia app for a duration of six weeks
six weeks
Positest Posttest questionnaire is sent and filled Posttest questionnaire is sent and filled
in in
Access is given to the ZeroPhobia app
for a duration of six weeks
Posttest questionnaire (only primary
questionnaire) is sent and filled in
The 3- and 12-month follow-up
Tl T questionnaires are sent and filled in
believethat they are eligiblewill be directed to complete abrief
Procedure & g P

Participantswill be recruited from the general Dutch population
viaadvertisements on web-based platforms (such as Facebook,
Instagram, and webpages that belong to the following fear of
flying courses: Stichting Valk and Onbezorgd Vliegen) and
offline platforms (ie, national radio, newspaper/magazine
articles, and flyers). These advertisementswill direct interested
individual s to the study website, on which detailed information
about the study is available. Those who are interested and
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web-based response form to expresstheir interest. No incentives
were offered to participants other than the opportunity to receive
the novel treatment as part of our research.

The research team will then respond to interested individuals
by providing additional informationa materials and aweb-based
screening questionnaire to determine eligibility. Those who
compl ete our screening questionnaire but are deemed ineligible
will receive an automated email response informing them of
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why they are unable to participate in the study. Potential
participants will be reminded via email twice to complete the
screener; if potential participants do not provide a response or
areno longer interested, they will be removed from our contact
list.

Those who are found to be eligible for the study will receive
an informed consent form and participant information letter
with an enclosed preaddressed return envelope via mail.
Participants will receive two reminders (first by email, then by
phone) to return the signed consent form. This consent form
will ask participants to consider whether they would like to
receive information on the results of the overall study, which
wewill share after the analysisis complete. After returning their
signed consent form via mail or email, participants will be
provided with our baseline questionnaire. After completing this
guestionnaire, participantswill beincluded in the study, and an
independent researcher will randomly assign participants to
either the treatment group or waitlist group by using the Random
Allocation Software program (MathWorks). Participants will
be informed of which group they are assigned to; those
randomized into the waitlist group will betold that they will be
contacted again in 6 weeks, and those randomized into the
treatment group will be provided with amabile VR headset and
usage instructions via mail. Participants will also be provided
with instructions on how to download and install the ZeroPhobia
app and a unique unlock code to access the app.

After downloading the app, participants will be able to freely
use the ZeroPhobia app at their own pace. The app includes 6
modules that participants can complete. Weekly emailswill be
sent to remind participantsto continue using ZeroPhobiaduring
the treatment period. These emails will be sent out regardless
of how much time a participant has spent on using the app.
Weekly surveys that measure flight anxiety were not included
in this procedure. This allows us to use the most naturalistic
approach of applying the intervention and to lighten the burden
on an individual. In the final module, participants will be
encouraged to engage in real-world exposures (ie, booking an
airplane flight or visiting airports). After 6 weeks, participants
from both groupswill receive an invitation to complete a posttest
guestionnaire.

Once posttest questionnaires are compl eted, intervention group
participants will be told that they will be contacted again after
3 and 12 months and that they are free to continue using
ZeroPhobia if they wish. Control group participants will be
invited to begin using ZeroPhobia. During the intervention
period, they will also receive weekly reminders. After 6 weeks
of ZeroPhobia use, participants will be asked to complete one
final questionnaire that only pertains to the primary outcome
measure.

Inclusion and Exclusion Criteria

To be included in the study, participants must achieve a score
of =56 on the Dutch version of the Flight Anxiety Situations
Questionnaire (FAS), which indicates mild flight anxiety
[27,28]. Additional inclusion criteriainclude an age of between
18 and 64 years, the ability to speak proficient Dutch, the
possession of a compatible smart phone (either an iPhone
[version 5 or higher] or an Android phone [that operates on
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Lollipop version 5.1 or higher with screen sizes of 4.7-5.5
inches] with access to the internet), and the provision of
informed consent to participate. Exclusion criteria include
receiving other psychological treatments for aviophobia at the
time of the study or starting, adjusting, or planning to start or
adjust psychotropic medication from 3 months prior to thetime
of recruitment to the planned end time of the study.

Sample Size

Our primary outcome measure of aviophobia, the FAS, was
used for power calculations. Previous meta-analytical studies
on VRET for the fear of flying have found that such therapy
has an effect size (Cohen d) of 0.80 [29]. Since ZeroPhobia:
Aviophobia is a self-help treatment that involves rudimentary
VR glassesinstead of standard VRET with atherapist, we used
adlightly more conservative effect size (d=0.70) as the starting
point for our power calculations. To identify a difference
between the experimental and control conditions with a
standardized effect size of 0.70 (determined with a two-tailed
ttest for ng differences between two independent means),
ana valueof .05, and astatistical power (1—[3) of .80, werequire
68 respondents (34 respondents per group). After taking into
consideration an expected dropout rate of 40% [15], our overall
required sample size is 114 (57 participants per group).

Randomization, Blinding, and Treatment Allocation

Randomization will be conducted with the Random Allocation
Software program, which usesthe block randomization method
for conducting a 1:1 allocation and random block sizes of 6, 8,
10, and 12. Randomization will be conducted by an independent
researcher. This researcher will generate a randomization list
(alist of outcomes) that will be used to assign participants to
either the treatment group or waitlist group. The blinding of
participants and the research team to who is assigned to each
group is not possible due to the nature of our study. However,
all measurements will be completed by the participants via a
web-based platform, without the presence of the research team.

Intervention

ZeroPhobia: Aviophobia is an app-based intervention that
consists of six modulesthat can be completed at the user’'s own
pace. ZeroPhobia was created with aesthetic in mind, making
the graphics and content visually pleasing and logically
designed. There is no guide or therapist involved, only a
preprogrammed virtual therapist who explains how to use the
app and educates the user. Therapeutic content provided by the
modules was created by following the manualized protocol s of
Cognitive Behavioral Therapy for Specific Phobias [30-32].
The app was designed for smartphone use only, because the
device must be small enough to double as the screen for VR
glasses during VRET.

Each module takes 5-20 minutes to complete, depending on
how fast the user wishes to go through a module. Cognitive
behavioral therapy content is provided by the virtual therapist
and the use simple, 2D animations and voice overs. Module 1
(Achtergrond/Background) describeswhat flight anxiety isand
facts about airplane safety. In this module, participants are also
introduced to two faux past ZeroPhobia users, Chloe and Bruno.
Both appear across modules in order to share their experiences
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with ZeroPhobia and offer examples of how flight anxiety
develops and how it is overcome, thus further educating
participants. Module 2 (Je angst te lijf/Facing Your Fears)
teaches participants about the anxiety curve and how to create
realistic goals to overcome fears of flying.

Module 3 explainshow to effectively and safely undergo VRET.
After completing this module, the VR level s become unlocked.
These levels include detailed 3D animations of the following
flight scenarios: checking in at an airport, boarding a plane,
finding a seat, taking off, flying, flying with turbulence, and
landing. Each of these scenariosinvolves games, such asfinding
objects or comforting other nervous passengers, that are led by
thevirtual therapist. These games help to increase engagement.
Participants are able to unlock and progress through VR levels
by rating their anxiety with a score of <3. Scores are based on
a scale of 1-10, with 1 indicating very little anxiety. If a
participant completesa VR level and rates their anxiety during
the level with a score of >3, a message appears. This message
explainsthat they should practicethislevel again before moving
on to the next level.

Table 1. Module overview.

Fehribach et al

Participantswill be encouraged to practice withthe VRET levels
10 minutes per day and the final three final modules once per
week. Before and after finishing aVRET level, participants are
prompted to rate their anxiety (“How high was your anxiety at
its peak during this level?’). Participants will receive
preprogrammed feedback on thisrating, which will advisethem
to either move on to the next VRET level or repeat the level
again until their anxiety is lower.

Participants will be encouraged to practice VRET as they
completethefinal three modules. Module 4 focuses on educating
participants about automatic, catastrophic thoughts and
identifying their own thoughts. Module 5 expands on thistopic
by teaching participants about helping thoughts that they can
construct to combat catastrophic thinking. Finally, module 6
encourages participants to use their newfound knowledge and
begin to practice exposure in the real world. Participants will
continue to have access to ZeroPhaobia after the test phase is
completed and during follow-up. Table 1 provides an overview
of all modules, and Figures 2-5 show images of the ZeroPhobia

app.

Module Learning objective

Additional information

Module 1: Achtergrond/Background
isand how it develops

Module 2: Je angst te lijf/Facing Your Fears
anxiety curve

Module 3: Exposure

information

Understand what the fear of flying

Create goals and learn about the

Learn about exposure, the comple-
tion of exposure levels, and safety

Participants areintroduced to two fictional characterswho have
also followed ZeroPhobia. These characterswill provide further
examples.

Participants create goals such as* | would like to be ableto take
ashort flight in afew monthswith less anxiety than | feel now.”

After completing thislevel, the first virtual reality level isun-
locked. In order to continue unlocking VR levels, participants
must report low levels of anxiety (ie, ascore of <3 on ascale

of 1-10) for the current level.

Module 4: Rampgedachten/Catastrophic
Thoughts

Module 5: Hel pende gedachten/Hel ping
Thoughts

Module 6: De volgende stap/The Next Step

Learn about what automatic, catas-
trophic thoughts are and how to
identify such thoughts (ie, their own
thoughts)

Formul ate hel ping thoughtsto com-
bat catastrophic thoughts

Becomeinspired to begin practicing
in vivo exposures and formulate a
fear hierarchy

Participants learn about how automatic, catastrophic thoughts
can increase and maintain anxiety. Participants are al so encour-
aged to reflect on how realistic their catastrophic thoughts actu-
aly are.

Participants must think of reasons for why their catastrophic
thoughts are not realistic and the unrealistic thoughts they have
about their fears.

Anexamplefear hierarchy iscreated by using one of thefiction-
a characters, who provide recommendations on how to reward
oneself for completing different fear hierarchy challenges.
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Figure 2. Thevirtual therapist and guide of ZeroPhobia.
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Figure 3. The home screen of ZeroPhobia. For translations of module names, see Table 1.
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Figure 4. Virtua Reality Level 1: Checking In. The text in the therapist's speech bubble trandates to “Why don’t you take your fears and rituals out
(of your suitcase)? You don’'t need them anymore!” The text on the red book translates to “My Flight Anxiety”. The text in the yellow book translates

to “My Rituals During Flights'.

Waarom haal je je angsten en
rituelen er niet uit? Je hebt ze
toch niet meer nodig!

MIJN
VLIEGANGST

<

Primary Outcome Assessment (FAS)

TheFAS[27] isaDutch, 32-item, self-report questionnaire that
isfrequently used to assess the fear of flying. The response for
each item is based on a 5-point Likert scale (1=no fear;
5=overwhelming fear). The questionnaire focuses on measuring
how much anxiety is induced by different airport or flight
situations. The reliability of the FAS ranges from good to

https://www.researchprotocol s.org/2021/4/€22008

RenderX
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excellent, and the questionnaire is sensitive in distinguishing
between people with and without the fear of flying [28]. The
total possible score on this measure ranges between 32 and 160.
Thismeasurewill be used for screening purposes; it has a cutoff
score of 56, which indicatesmild anxiety [23,24]. The FASwill
be used again at posttest and during both follow-up time points.
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Secondary Outcome Assessment

Flight Anxiety Modality Questionnaire

The Flight Anxiety Modality Questionnaire (FAM) [27] is a
Dutch, 18-item, self-report questionnaire. FAM scores are a
secondary measurement to FAS scores; they are used to maintain
the robustness of results. Similar to the FAS, responsesto FAM
itemsare based on a5-point Likert scalethat rangesfrom 1 (not
at al) to 5 (very much so). The reliability of this questionnaire
has al so been found to be good [28]. Unlike the FAS however,
the FAM focuses on the degree to which different anxiety
symptoms are experienced in flight situations. This measure
will be assessed at baseline, at posttest, and during both
follow-up time points.

Beck Anxiety | nventory

The Beck Anxiety Inventory [33] is a self-report questionnaire
that consists of 21 itemson a4-point Likert scale, which ranges
from O (not at al) to 3 (severely; “1 could barely stand it”). The
total possible score ranges from 0 to 63. Scores of 0-9 indicate
no anxiety, scores of 10-18 indicate mild to moderate anxiety,
scores of 19-29 indicate moderate to severe anxiety, and scores
of 30-36 indicate severe anxiety. The questionnaire’s internal
consistency ishigh (0.90-0.94) and itsvalidity isgood [34]. For
our study, the Dutch translation of the Beck Anxiety Inventory
will be used [35]. This measure will be assessed at baseline, at
posttest, and during both follow-up time points.

Patient Health Questionnaire

The Dutch trandation [36] of the 9-item Patient Health
Questionnaire [37] will be used to assess depressive symptoms
at baseline, at posttest, and during follow-up time points. This
guestionnaire has good sensitivity (0.71-0.84) and specificity
(0.90-0.97) [39].

Web Screening Questionnaire

The Dutch Web Screening Questionnaire [39] consists of 15
items and screens for an array of common mental health
disorders (eg, depressive disorder, alcohol abuse/dependence,
etc). For the purposes of our study, only items that assess panic
disorder, agoraphobia, and obsessive-compulsive disorder will
be used, as these disorders involve symptoms that overlap with
those of flight anxiety. The Web Screening Questionnaire has
good sensitivity (0.72-1.00) and specificity (0.44-0.77) [39].
This questionnaire will only be provided at baseline to assess
whether the presence of panic disorder, agoraphobia, or
obsessive-compulsive disorder influences posttest flight anxiety
outcomes.

Credibility/Expectancy Questionnaire

The 6-item Credibility/Expectancy Questionnaire (CEQ) [40]
will be used to assess self-reported treatment expectations at
baseline. The CEQ has high internal consistency and good
test-retest reliability [40]. Studies have a so found that the Dutch
tranglation of the CEQ isvalid [41]. This questionnaire will be
used as a complement to the Client Satisfaction Questionnaire
(CSQ) to better understand whether the treatment met
participants’ expectations.

https://www.researchprotocol s.org/2021/4/€22008
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CSQ Assessment

The CSQ [42] complementsthe CEQ. It measures participants’
satisfaction with ZeroPhobia at posttest. This questionnaire
consists of 8 items that assess whether ZeroPhobia fulfilled
participants’ expectations and whether participants would
recommend Zerophobia: Aviophobiatreatment to someone else
with similar flight anxiety symptoms. Studies have found that
the CSQ isboth valid and internally reliable (Cronbach a values
range between .83 and .93) [39]. The Dutch translation has also
been tested and found to be valid [43].

System Usability Scale

The System Usahility Scale (SUS) [44] consists of 10 items
that measure the user-friendliness of the ZeroPhobia app. The
response to each item is based on a 5-point Likert scale (1=not
in agreement; 5=very much in agreement). Total scores are
calculated and converted so that they range from O to 100.
Bangor et a [44] have provided details on this conversion.
Higher scores indicate better usability and higher
user-friendliness. SUS items include “I think | would gladly
usethe ZeroPhobiaapp regularly” and “I found the ZeroPhobia
app unnecessarily complex.” In order for a system to be
considered passable, it must receive a score of >70. Better
products receive scores of >80. Only incredibly high—quality
products are expected to receive a score of >90. Systems that
receive ascore of <70 are considered inadequate and should be
reassessed and improved. The reliability of the SUS is good
[44], and the validity of Dutch trandation of the SUS is
comparable to that of the original measure [45]. The SUS
guestionnaire will only be provided (at posttest) to the
intervention group.

I group Presence Questionnaire

The 14-item Igroup Presence Questionnaire [19] assesses the
realism of VR environments and the feeling of “presence” or
immersionin VR environments. Responsesto each questionnaire
itemisbased on a7-point Likert scale that rangesfrom -3 (fully
disagree) to 3 (fully agree). The questionnaire includes items
such as “| had the feeling of being surrounded by the virtual
world.” This questionnaire has been found to be reliable
(Cronbach a=.73) [19]. Schubert et a [19] trandated this
guestionnaire from German to both Dutch and English; the
Dutch version will be used for our study. This questionnaire
will only be provided (at posttest) to the treatment group.

Questions on Real-Life Flight Usage

Single-item questionswill be asked at baseline, at posttest, and
during both follow-up time points to understand changes in
flight usage during the study. Baseline questions will ask
participants about whether they have ever flown, how many
flights they have taken in the past year, and how long each of
theseflightslasted. The questions asked during subsequent time
pointswill ask participantsto provide similar information. These
questions will be adjusted according to the study phase. For
instance, at posttest, participants will be asked “how many
flights have you taken in the past six weeks?' These questions
were formulated for the purposes of our study.
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Ecological Momentary Assessment

Directly after each VRET session, the app will prompt
participants to rate how much anxiety (ie, peak anxiety) they
experienced during alevel onascaeof 1-10. Theseratingswill
be used to further our understanding of the efficiency of our
VR environments and advise a participant to either move on to
the next VR environment or to practice again. For example, an
anxiety rating of =4 indicates that participants are il
experiencing moderate to high anxiety during alevel.

Additional Measures

I nterpersonal Reactivity | ndex

The Interpersonal Reactivity Index (IRI) [46] is a self-report
guestionnaire that was created to measure different types of
empathy. The Fantasy subsection of the IRl will be used at
baseline to understand the general fantasizing abilities of
participants. The IRI-Fantasy subscale consists of 7 itemson a
5-point Likert scale (O=this does not describe me; 4=this
describes me very well). By using this questionnaire, we will
be ableto investigate a person’s ability to experience emotional
absorption or feelings of being transported into afantasy world.
This questionnaire has been found to be both reliable and valid
[46]. The Dutch trandation of this scale has also been found to
be reliable and valid [47].

Questions on Professional Treatment

Single-item questions regarding other psychotherapeutic
treatments that participants are undergoing during the study
(either psychotherapy or prescriptions for psychotropic
medication) will be asked during screening, at posttest, and
during both follow-up time points. These questionswill be asked
to ensure that if a participant does start a different treatment,
we can account for this properly in our analysis. Table 1
provides an overview of which assessments are conducted for
each time point.

Analyses

Covariates and Sample Differences

Analyses will be conducted with Stata 16 (StataCorp LLC).
First, the external validity and generalizability of the
experimental sample will be determined by comparing it to the
overall sample. Second, wewill validate whether randomization
was successful by examining whether there are significant
differences in background characteristics between the
intervention and control groups. To check for selective attrition,
we will show how missing data (outcome and input data) are
divided across experimental groups. To keep the experimental
sampleintact, adummy variablewill be constructed to represent
the missing covariates of a participant. Missing covariate values
will be replaced with their mean values.

Estimating Treatment Effect

The treatment effect will be estimated by means of ordinary
least sguares regression, which will be based on an
intention-to-treat (ITT) analysisthat usestreatment assignment
status as the principal predictor. Missing outcome observations
for participants will be imputed by using multiple imputation
methods for assessing pretest scores and a set of prespecified
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background characteristics (gender, age, education, and the
severity of symptoms).

Nonrandom missing outcome observations can result in biased
point estimates; atreatment effect estimate that is obtained via
complete case analysis or the estimation of ITT effects may be
abiased estimate of the average treatment effects on the treated
(ATT). Thisissue will be addressed viathe Random Forest Lee
Bounds procedure [48], which is used to trim the outcome
distribution of the group with the highest attrition toward the
group with thelowest attrition. By removing observationsfrom
the lower (upper) end of the distribution, the lower (upper)
bound of the ATT can be estimated via ordinary least squares
regression. The potentially biased ATT point-estimate will then
lie within the estimated treatment effect bounds.

The ATT will be estimated and corresponding measures of
clinically meaningful changes and values in treatment effects
on the treated will be explored.

Mechanisms of Treatment

Underlying mechanisms of observed differences will be
investigated via analyses for understanding factors such as
user-friendliness, treatment expectation and satisfaction, usage
intensity, and feelings of absorption and presence. The
robustness and sensitivity of these analyses will be tested by
using different assumptions based on the data.

Data Monitoring and Management

All data will be collected by researchers from the Clinical
Psychology Department of Vrije Universiteit Amsterdam and
kept confidential in accordance with the General Data Protection
Regulation. The results of our trial will be released regardless
of whether they are statistically significant in terms of answering
our research questions. This is in line with the publication
statement of the Dutch human research commission (Centrale
Commissie Mensgebonden Onderzoek).

Risk to Participants

Past research has shown that VRET can be administered without
introducing significant safety risks to participants [21,48-51].
Additionally, previous research on the ZeroPhobia app has
found that using the app does not result in serious adverse effects
(no participants reported that they acquired injuries during VR
use or experienced unbearable anxiety levels while using the
app) [19].

Protocol Amendments

If amendments are made to the protocol as it is written now,
these will be reflected in the trial registry after receiving
approval from the Medical Ethical Committee. The results of
our study will be published in peer-reviewed journals once they
are available.

Results

Our study received funding on September 25, 2018. Ethical
approval was obtained on October 11, 2019. Data collection
began on November 6, 2019. Recruitment closed on May 7,
2020, and 146 participants were recruited. On July 2020,
participants were in the final stages of treatment or in the 3- or
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12-month follow-up phase. Data collection is projected to be
completed in July 2021.

Discussion

In our study, we aim to understand the effectiveness of our
self-help app, Zerophobia: Aviophobia, in reducing flight
anxiety symptoms. Traditional treatment for the fear of flying
is often not accessible to many patients due to the high costs of
both the therapists and the materials (ie, plane tickets) that are
necessary for in vivo treatment [7,8]. Moreover, many patients
are generally reluctant to face their fear and begin in vivo
exposure therapy [11]. Untreated specific phobiais related to
a high risk of developing anxiety and depression [4], which
increase the overall negative impacts of specific phobiaand the
need for an easily implemented treatment.

Over the past decade, VRET has become aviable alternative to
traditional in vivo treatment, as evidenced by VRET's
effectiveness, which is comparable to that of in vivo treatment
[14]. The evidence on the potential of automated or unguided
self-help VRET for phobias also shows that there is a need to
further investigate VRET [16,17]. Our study will provide novel
insights into automated VRET and methods for making the
treatment of specific phobia more accessible to the genera
popul ation.

Approximately 60%-80% of individuals with specific phobias
do not seek treatment for such anxiety disorders, and
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approximately 25% of individuals with specific phobias who
do seek treatment refuse to undergo treatment due to a fear of
the therapeutic procedures [11]. With regard to people with
aviophobia, those who areinterested in receiving treatment face
accessibility issues, which are primarily the result of the high
costs in acquiring exposure materials (eg, paying for a plane
ticket). Our study istherefore specifically aimed at patientswho
would normally not receive any treatment. As such, our study
compares patients who undergo a novel VRET intervention
against patientsin awaitlist control group. Thisdesignisinline
with those of other studies that show that a control group is
comparable to intervention groups that undergo treatment as
usua for a specific phobia [16]. However, we have included
measures for the uptake of all interventions/cointerventionsin
the treatment and control groups. In future studies, it would be
interesting to compare the effectiveness/cost-effectiveness of
regular therapy directly to that of our new VR therapy.

In summary, our study will assesswhether an unguided self-help
VR app that uses rudimentary VR glasses will be effective in
reducing the severity of people's fear of flying. We will also
investigate whether symptoms of depression and anxiety are
influenced by Zerophobia: Aviophobiatreatment. Additionally,
our study will determine whether the user-friendliness of similar
apps, the degree of immersion in VR environments, people's
inherent absorption abilities, or usage intensity influence the
effectiveness of VRET. Finally, we will assess whether these
effects can be maintained in the long term (ie, 3 and 12 months
following intervention).
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Abbreviations

ATT: average treatment effects on the treated

CEQ: Credibility/Expectancy Questionnaire

CSQ: Client Satisfaction Questionnaire

FAM: Flight Anxiety Modality Questionnaire

FAS: Flight Anxiety Situations Questionnaire

IRI: Interpersonal Reactivity Index

ITT: intention-to-treat

SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
SUS: System Usability Scale

VALK: VliegAngstbestrijding L eidse universiteit, Koninklijke L uchtvaart M aatschappij Naaml oze vennootschap
VR: virtua reality

VRET: virtual reality exposure therapy
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