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New technologies, such as virtual reality (VR) and augmented reality (AR), can be used

as an add-on to exposure therapy for common anxiety disorders. Although the benefits

of VR for exposure therapy have already been demonstrated extensively in research, AR

applications are only just becoming widely available. Evidence for the added value and

effectiveness of AR exposure therapy (ARET) is still scarce. The current study aimed to

explore whether a first markerless AR iOS app for specific phobia could induce fear for

multiple animal species in a general population sample. In two experiments, participants

made use of the PHOBOS AR app in a behavioral approach task (BAT), using animals for

which they were anxious, but not phobic. Self-report data and physiological measures

were recorded. In Experiment 1, 108 participants chose one of the seven available

animal species and were allocated to either a smartphone or tablet condition. Results

showed increasing levels of self-reported anxiety with increasing levels of BAT difficulty.

However, this increase was smaller in individuals reporting low levels of perceived realism.

No effects on heart rate (HR) could be established. In Experiment 2, 52 participants

were exposed to virtual spiders. For both self-reported anxiety and the interaction with

perceived realism, results were similar to those of Experiment 1. Skin conductance did

increase significantly from baseline to the highest level of difficulty of the BAT, and the

severity of fear of spiders also appeared to be related to the fear response in the BAT.

In conclusion, the study shows that animals presented in AR through a mobile device

can evoke anxiety, which is a pre-requisite for the implementation of ARET. However,

further research should establish the effects of ARET in a clinical sample of people with

specific phobias.

Keywords: augmented reality exposure therapy, mixed reality, anxiety disorders, specific phobia,

psychophysiology, skin conductance, e-mental health

INTRODUCTION

Specific phobia is a highly prevalent mental illness for which exposure therapy is the first-choice
treatment (Baus and Bouchard, 2014; Böhnlein et al., 2020). Specific phobia refers to a persistent
unreasonable fear concerning a specific object or situation, which is accompanied by avoidance
of the object or situation and results in clinically significant distress or impairment (Eaton et al.,
2018). The review of Eaton et al. (2018) shows that specific phobia has a median lifetime prevalence
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of 7.2%, although large regional differences occur, and that fear
of animals and heights are the most common subtypes. During
exposure therapy, the client is confronted with stimuli and
situations that elicit fear. Gradual, controlled, and hierarchical
exposure to fearful stimuli can allow individuals to gain
experiences that disprove anxiety beliefs and create new adaptive
associations (Krijn et al., 2004; Baus and Bouchard, 2014; Craske
et al., 2014). Exposure can be imaginal, in vivo, and more recently
also occur in virtual reality (VR) and augmented reality (AR).
Although the benefits of VR for exposure therapy have already
been shown extensively in research (Krijn et al., 2004; Juan et al.,
2005; Powers and Emmelkamp, 2008; Baus and Bouchard, 2014;
Botella et al., 2017; Carl et al., 2019), AR applications are only just
becoming widely available, and evidence for their added value
and effectiveness is still scarce.

AR merges virtual elements into the physical world. This
can be useful for exposure therapy in specific phobia, because
it allows therapists and clients to project and control a virtual
object (often an animal) in the therapist’s office. AR exposure
therapy (ARET) is an add-on to or type of exposure therapy
in which clients can interact with a virtual representation of an
object or situation in the actual world to help them reduce fear
or avoidance. The client is not immersed in an entire virtual
environment through a head-mounted display (HMD) as is the
case in VR exposure therapy (VRET), but a virtual object (e.g.,
a spider) is added to the current surroundings. In ARET, clients
can also use HMDs, but this technology additionally allows to
make use of projection displays or ubiquitous handheld devices
like smartphones or tablets. To effectively visualize an object in
the real world, AR can use markers (i.e., stylized real elements on
which the software overlays a virtual element) or use a markerless
approach where the content is placed relative to the environment,
GPS position, and compass of the device. Markerless AR can
potentially lead to a higher sense of presence and fear for the
virtual element (Juan and Joele, 2011). The level of realism of the
virtual elements and the level of reality (or authentic experience)
contribute to the user experience in both VR and AR (Baus
and Bouchard, 2014). Dünser et al. (2011) go even further and
propose an adaptive and interactive AR system where virtual
animals respond to the patient’s behavior, which could further
contribute to the authenticity of the experience.

For virtual animals to be useful for exposure therapy, they
should evoke some level of discomfort and anxiety. According
to traditional approaches of exposure therapy, such as emotional
processing theory (EPT), high anxiety levels are a pre-requisite
for effective exposure (Foa and Kozak, 1986). In addition,
more recent approaches of exposure therapy based on violating
expectancies (e.g., inhibitory learning theory; Craske et al., 2014)
emphasize the importance of (sustained) high levels of anxiety
and arousal during exposure (e.g., Culver et al., 2012) and
learning to tolerate anxiety (Jacoby and Abramowitz, 2016). The
activation of a fear structure can potentially be observed in an
individual’s behavior (e.g., refusing to move closer to the animal),
self-reported level of anxiety and distress, and physiology.
Anxiety is associated with an increase in skin conductance (SC)
and heart rate (HR). HR activity is seen as a contributor to
exposure success (Böhnlein et al., 2020).

Previous research has shown that virtual animals can elicit
anxiety and be used in ARET, but studies mostly used small
sample sizes and were generally limited to the use of HMDs,
the use of markers, and the target of cockroaches and spiders
(Chicchi Giglioli et al., 2015). The case study of Botella et al.
(2005) and the study of Juan et al. (2005) were the first to
suggest that ARET, using an HMD, was able to reduce anxious
feelings and change behavior, that is, reduce avoidance and
make participants able to interact with and kill cockroaches
and spiders. Later studies show that the effects of ARET can
be maintained up to 1 year follow-up (Botella et al., 2010)
and that ARET can achieve similar outcomes as compared
with in vivo exposure (Wrzesien et al., 2011). The first larger
randomized controlled trial, using an HMD, also showed that
both in vivo and AR exposure were effective in individuals
with spider or cockroach phobia (Botella et al., 2016). HMDs
can limit visual awareness and contact with the therapist;
therefore, Wrzesien et al. (2013) developed projection-based AR
and showed that exposure to projected animals could reduce
anxiety for cockroaches in a non-clinical sample. The first
smartphone-based AR application for phobia was a serious game
for cockroach exposure. Botella et al. (2011) designed a puzzle
game with virtual cockroaches, which could be implemented as
homework between AR exposure sessions. The first results of this
case study are promising. More flexible use of AR for exposure
seems possible by relying on ubiquitous handheld devices (with a
much lower cost than HMDs or projection displays).

Suso-Ribera et al. (2019) performed an analysis on aggregated
data, which suggests that VRET, ARET, and in vivo exposure
are equally effective and that outcomes are independent of
patient characteristics. However, advantages of VRET and ARET
over exposure in vivo include practical benefits, potential for
repetition, and acceptability, including a lower refusal rate
(Garcia-Palacios et al., 2007; Baus and Bouchard, 2014). The
most important strength of ARET and VRET is the increased
control you can have over a virtual environment, as opposed to
a real-life context. Therapists can easily manipulate the precise
circumstances and switch from a small animal to its bigger
version, from a non-threatening stance to a more aggressive
posture in an animal, or from a stationary to a moving animal.
A large study in individuals with spider phobia showed that
the locomotion pattern was the primary fear association of
spiders (Lindner et al., 2019). Additionally, moving, as opposed
to stationary, animals are associated with increased fear and
effectiveness of ARET (Bretón-López et al., 2010). ARET can also
facilitate executing exposure in multiple contexts, which could
attenuate the risk of renewal of fear (Bandarian-Balooch et al.,
2015).

The current study aims to explore the potential of an AR
smartphone application to elicit fear of virtual animals. This
application is a first markerless AR app for a handheld device that
includes specimens of multiple different species (insects, reptiles,
birds, and mammals). In line with EPT, virtual animals need
to evoke some level of discomfort and anxiety to be useful for
exposure therapy. Therefore, the current study evaluates whether
projecting virtual animals in the real environment through AR
is associated with anxiety in a non-clinical sample. Although
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the main focus is on self-reported anxiety, physiological data
are included in exploratory analyses. The current study also
investigates the effects of experienced realism and means of
delivery (screen size) on self-reported anxiety. The study consists
of two experiments that rely on behavioral approach tasks (BATs).
Whereas the first experiment uses a broad array of animals and
explores the effect of screen size, the follow-up experiment is
tailored to exposure to spiders.

EXPERIMENT 1

Participants selected one animal for which they experienced
non-phobic discomfort and executed a BAT. The goals of this
experiment were to investigate to what extent different virtual
animals could evoke feelings of discomfort or anxiety and assess
the impact of screen size and realism for AR exposure.

Materials and Methods
Sample
First-year applied psychology students at Thomas More
University of Applied Sciences were invited for participation in
the study through e-mail. After receiving information about the
study in the informed consent and providing their agreement
for participation, they were asked to “choose an animal that
you feel somewhat uncomfortable with, but for which you do
not consider yourself phobic” and to which they wanted to be
exposed in AR. To be eligible, their self-reported discomfort or
fear should not exceed phobic levels in the Severity Measure
for Specific Phobia-Adult (SMSP-A) (Craske et al., 2013). A
total of 108 students participated in the experiment (Figure 1).
The current study opted to limit the scope to a healthy sample
because the implemented app has not yet been tested or validated
in research, nor have other similar smartphone approaches for
ARET (to our knowledge). In line with the cautionary principle,
we did not want to induce undue distress in patients with anxiety
disorders at this stage if the research questions could be answered
using a healthy population. All participants received course
credits for participation and provided informed consent. The
study was approved by the Ethical Committee of Thomas More
University of Applied Sciences.

Virtual Rendering of Animals
The commercially available iOS PHOBOS AR app (Tarnogol,
2018) was used to add virtual animals to the real world.
This markerless AR app contains virtual rats, pigeons, snakes,
cockroaches, spiders, frogs, and dogs. Visualizations can range
from schematic to realistic. Animals can be placed on a preferred
location in the users’ environment and can perform certain
actions, such as moving or making noise. In the current study,
the PHOBOS AR app was used on both a smartphone (iPhone
8; 5.5-inch display) and a tablet (iPad; 9.7-inch display) to assess
whether screen size influenced the effects.

Behavioral Approach Task
A BAT was used to assess to what extent exposure to animals
through AR elicited anxiety. The outcome of interest was
reported anxiety during each of the steps. Because participants

were non-phobic, all participants completed all steps of the
BAT. Therefore, the number of steps is not included as an
outcome measure. Participants selected an animal for the BAT
that evoked some subjective discomfort and they wanted to
be exposed to. Nevertheless, participants were only exposed
to the animal of their choice, when their anxiety scores were
considered equal or below mild (≤10) on the SMSP-A (Craske
et al., 2013). When the scores of participants exceeded the cutoff
for mild anxiety (N = 37), they were requested to choose a
different animal. This process was repeated until an animal
and a corresponding fear were found to be meet this criterion.
Twenty-seven participants were given their second choice and 10
participants their third.

Three subtasks with three increasing levels of difficulty were
used. In line with Bretón-López et al. (2010), moving animals
had a higher difficulty level than stationary animals. Participants
could run through each phase at their own pace and were asked
to report their anxiety level in Subjective Units of Distress (SUDs;
Tanner, 2012) on a scale of 0 (“free of anxiety or tension”) to
10 (“extremely anxious or tense”) immediately at the end of
each step. Depending on the nature of the animal, three phases
with each three levels of increasing difficulty were designed.
For example, the BAT for a dog consisted of first placing the
animal 6m in front of them (level 1), the participant moving
2m closer to the animal (level 2), and coming to 2m distance
of the animal (level 3). Crosses of red tape on the gray concrete
floor indicated the different levels of the BATs. The second
phase consisted of the same three levels, but this time, the
dog was also barking at the participant. In the third phase,
participants had to make the animal walk toward them across
all three levels. BATs with smaller animals were presented on
a table setup, while participants were seated and moved their
hand closer to the animal. The BAT for a spider, for example,
consisted of the following three phases. First, a spider was
projected at three decreasing distances on the table (level 1),
which was followed by projecting a spider at a fixed position
and letting participants move their hand increasingly closer
(level 2) and, finally, letting a spider gradually move toward
them (level 3). The spider used in the current experiment is
Spider 3 of Experiment 2. All steps of the BAT were executed
using virtual animals in AR, and no real animals were presented
to participants.

Physiological Measurement
The naturalistic and flexible approach of the AR paradigm
required mobile and non-invasive physiological measurement,
which can be achieved through wearable monitoring.
Electrocardiogram (ECG) measurement has shown higher
accuracy as compared to wrist-worn devices (e.g., Etiwy et al.,
2019), so Byteflies sensor dots (Byteflies NV, Belgium) were
used to capture HR through ECG measurement because they
provide a qualitative ECG signal with an adequate sampling
frequency of 250Hz. ECG was measured using a two-lead
wired ECG patch and disposable electrodes. One patch was
placed on the top of the sternum, whereas the other was placed
below the left clavicle (from the participants’ perspective). HR
is calculated based on the detection of the rising edge of the
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Excluded  (N = 4)

Declined participation (N = 1)

  No animal assigned due to

    elevated anxiety (N = 3)

Assessed for eligibility (N = 112)

Allocated to condition with iPhone (N = 54), 

of which:

Exposed to first choice animal (N = 32) 

Exposed to second choice animal (N = 16)

Exposed to third choice animal (N = 6)

Allocated to condition with iPad (N = 55), 

of which:

Exposed to first choice animal (N = 40) 

Exposed to second choice animal (N = 11)

Exposed to third choice animal (N = 4)

Allocation

Randomized (N = 108)

Enrollment

Included in general analysis (N = 55) 

Included in psychophysiological analysis (N = 21)

Not fitted with wearable monitoring (N = 27)

Data of insufficient quality (N = 7)

Included in general analysis (N = 54)

Included in psychophysiological analysis (N = 21) 

Not fitted with wearable monitoring (N = 28) 

Data of insufficient quality (N = 5 )

Analysis 

FIGURE 1 | CONSORT study flow diagram of Experiment 1.

R-peak regarding the QRS complex. As the ECG signal is of
good quality, we are able to use simple signal processing steps
in order to obtain a reliable HR. This processing consists of a
median filter (a fifth-order one-dimensional filter) to remove
spikes. Afterwards, a difference equation operation is applied on
the signal in order to ease the detection of the most prominent
peaks, which are the R-waves. This method was described by Yeh
and Wang (2008) as part of the difference operation method.
These local maxima are then determined based on the minimal
peak height, the minimal peak distance, and the minimal peak
prominence. Out of these local maxima, the HR is calculated
using a sliding window of 60 s and a step count of 250 samples,
which corresponds to 1 s. Finally, the calculated HR (beats/min)
is smoothened by a moving average filter (filter length 10) to
reduce artifacts.

Questionnaires

Severity measure for specific phobia—adult
After participants selected an animal, they completed the
SMSP-A (Craske et al., 2013). In this questionnaire, participants
rate the severity of phobic symptoms toward the animal during
the past seven days. Ten items are answered on a scale of 0
(“never”) to 4 (“all of the time”). Participants were only exposed
to the animal if their anxiety scores were equal or below mild
(≤10) on the SMSP-A. Cronbach’s alpha (α) in the current
experiment was high (0.85).

Unified theory of acceptance and use of technology

questionnaire
Participants’ attitude toward e-mental health was measured with
a questionnaire based on Ebert et al. (2015) and the unified theory
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of acceptance and use of technology (UTAUT) model (Venkatesh
et al., 2003). The Dutch qualitative questionnaire contains
the following scales: performance expectancy (Cronbach’s α =

0.86), effort expectancy (Cronbach’s α = 0.56), social influence
(Cronbach’s α = 0.56), facilitating conditions (Cronbach’s α =

0.62), fear, trust in data security, and knowledge about internet
interventions (DeWitte and Van Daele, 2017). Scores range from
1 (“do not agree at all”) to 5 (“completely agree”), and means
are calculated per scale. Higher scores reflect positive attitudes,
except for the fear scale, where they reflect increased fear.
Reliability was calculated in the current sample, but coefficients
of subscales with two items were not calculated because they are
an underestimation of true reliability (Eisinga et al., 2013).

The profile of mood states
Participants were asked to report their current mood in the
Profile of Mood States (POMS) questionnaire (McNair et al.,
1992). The Dutch 32-item questionnaire contains five scales,
that is, tension–anxiety, depression, anger, vigor, and fatigue
(Wald and Mellenbergh, 1990). The current study only reports
the tension–anxiety subscale (Cronbach’s α of 0.86 in the
current sample).

The Igroup presence questionnaire
The Igroup Presence Questionnaire (IPQ; Regenbrecht and
Schubert, 2002) contains information on general presence,
spatial presence, involvement, and experienced realism.
Because presence might not be as important for AR as
compared to VR, whereas realism is still very important
(Baus and Bouchard, 2014), the current study focused only on
realism (Cronbach’s α = 0.64).

Procedure
Students of applied psychology collected the data, under
supervision of a clinical psychologist (TVD), in the context of
their bachelor dissertations. Prior to the testing day, participants
had to fill in an online survey, consisting of the UTAUT
questionnaire, Big Five Inventory (BFI), and SMSP-A. This
survey could be completed at home, whereas the remainder
of the experiment took place on the campus of Thomas More
University of Applied Sciences. On the day of testing, participants
were allocated at random to either the iPhone (N = 55) or
iPad (N = 56) condition. Approximately half of the sample in
each group was randomly assigned to be fitted with the Byteflies
ECG sensors (see also Figure 1). Immediately before the BAT,
participants completed the POMS. After participants executed
the BAT, participants completed the POMS again and filled in
the IPQ. Participants were subsequently allowed to have a further
look at the PHOBOS AR app. A debriefing was given through
a collective oral presentation in which the general concepts,
purpose, and results of the study were explained.

Data Reduction and Statistical Analysis
A one-way analysis of variance (ANOVA) assessed whether
realism scores differed between the different animals. To assess
whether the increasing levels of difficulty in the BAT were
associated with increased self-reported anxiety in the SUDs,
three repeated measures ANOVAs were executed (one for each

phase). Changes from pre-test to post-test in POMS and HR
were also analyzed using repeated measures ANOVAs. The
selected animals, screen size, and IPQ realism were consistently
added as between-subjects factors. Low, medium, and high
perceived realism categories were defined by subtracting and
adding half a standard deviation to the mean IPQ realism score.
A paired samples t-test was used to establish whether reported
anxiety during the highest difficulty level (BAT phase 3 level
3) was significantly different from reported anxiety upon first
confrontation with the virtual animal (BAT phase 1 level 1).

Results
Descriptive Statistics
Of the 108 participants who participated, 25 were male, 82
were female, and 1 person identified as non-binary. Age ranged
between 17 and 40, with a mean of 19.02 (SD = 3.10). Table 1
provides an overview of the POMS, experienced realism, and
UTAUT scores of the sample. Participants generally had the
means and support to use e-mental health applications (as
indicated by the facilitating conditions scale); other average
UTAUT scores were mediocre. Most participants selected the
spider (N = 34), followed by the snake (N = 25), the cockroach
(N = 18), the mouse (N = 12), the dog (N = 9), the frog (N
= 5), and the pigeon (N = 5). A one-way ANOVA shows that
perceived realism does not differ significantly between selected
animals, F(6, 97) = 1.22, p= 0.31.

Results of the Behavioral Approach Task
SUDs increased significantly in the three BAT phases. A repeated
measures ANOVA with a Greenhouse–Geisser correction
determined that SUDs differed significantly between the difficulty
levels of the first, F(1.34, 93.51) = 80.9803, p < 0.001, second,
F(1.37, 94.73) = 99.99, p < 0.001, and third, F(1.40, 96.33) = 83.42,
p < 0.001, phases of the BAT. However, there is also a significant
interaction with perceived realism in phase 1, F(2.67, 93.51) = 4.77,
p = 0.005, phase 2, F(2.75, 94.73) = 3.60, p = 0.02, and phase 3,
F(2.79, 96.33) = 3.98, p= 0.01. Figure 2 shows the evolution in BAT
scores throughout the different phases and the effect of realism.

TABLE 1 | Descriptive statistics Experiment 1.

N M SD

POMS tension–anxiety pre-test 105 5.50 4.29

POMS tension–anxiety post-test 104 4.77 4.39

IPQ realism 104 2.02 0.99

UTAUT 108

Performance expectancy 3.13 0.76

Effort expectancy 3.21 0.67

Social influence 2.87 0.66

Facilitating conditions 3.99 0.73

Fear 2.96 1.02

Trust in data security 3.28 1.02

Knowledge about internet interventions 2.56 0.89

POMS, Profile of Mood States; IPQ, Igroup Presence Questionnaire; UTAUT, Unified

Theory of Acceptance and Use of Technology.
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FIGURE 2 | Results of the three main ANOVAs of Experiment 1. Mean reported Subjective Units of Distress during each of the three difficulty levels of each of the

three phases of the behavioral approach task. The different lines represent low (N = 32), medium (N = 42), and high (N = 30) perceived realism.

Individuals who reported lower realism show lower SUDs and
a less pronounced increase in SUDs throughout the BATs. There
was no interaction between SUDs scores and screen size or choice
of animal in any of the BAT phases. A paired samples t-test shows
that SUDs are significantly higher during the most difficult level
(SUDs phase 3 level 3; M = 4.50, SD = 2.87) as compared with
during initial exposure (SUDs phase 1 level 1; M = 0.95, SD =

1.28), t(107) = 16.07, p < 0.001. A repeated measures ANOVA
showed that the POMS anxiety score slightly decreased from pre-
test to post-test, F(1, 69) = 7.39, p = 0.008, but there was an
interaction with the selected animal, F(1, 69) = 2.27, p= 0.05. For
most animals, no difference or a small increase in POMS scores
was found, except for participants exposed to mice (N = 12) and
frogs (N = 5), for whom POMS scores on average decreased with
2.42 and 3.88, respectively. Given the small sample sizes in these
subgroups, no formal follow-up analyses were performed. HR did
not change from pre-test to post-test, F(1, 12) = 0.01, p= 0.93.

EXPERIMENT 2

The second experiment applied a more standardized exposure
paradigm with fixed exposure times and continuously increasing
levels of difficulty, specifically tailored to spiders (which were the
most commonly selected animal in Experiment 1). Experiment
2 also investigated the association between severity of spider
anxiety and BAT outcomes. The exploratory physiological
measurement was extended to include SC.

Materials and Methods
Sample
Fifty-two first-year applied psychology students at Thomas More
University of Applied Sciences participated in this experiment
after being invited through e-mail (Figure 3). Inclusion criteria
consisted of reported discomfort, but not phobic levels of fear, to
spiders in the SMSP-A (Craske et al., 2013). Eleven participants
surpassing a moderate level of anxiety for spiders (≥25) in this
questionnaire were excluded. All participants received course
credits for participation and provided informed consent. The
study was approved by the Ethical Committee of Thomas More
University of Applied Sciences.

Virtual Rendering of Animals
Because screen size did not influence the results of Experiment
1, all individuals used the iOS PHOBOS AR app on an iPhone 8.
The Materials and Methods section of Experiment 1 provides a
description of this app.

Behavioral Approach Task
As opposed to the nine-step BAT with three separate phases of
Experiment 1, Experiment 2 opted for a consistent buildup of
anxiety in a six-step continuous BAT for spiders. Different types
and visualizations of spiders were used (Figure 4). Consecutive
difficulty levels in the BAT were based on both the hypothesized
fearfulness of a spider and the exposure circumstances (e.g.,
distance and movement). The following six steps were included
in the BAT: (1) participants were standing in front of a table,
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Excluded (N = 21) 

Anxiety exceeds moderate levels (N = 11) 

Declined participation (N = 10)

Included (N = 52) 

Enrollment

Analysis Included in general analysis (N = 52)

Included in psychophysiological analysis (N = 42)

Incomplete physiological data (N = 11)

Assessed for eligibility (N = 73)

FIGURE 3 | CONSORT study flow diagram of Experiment 2.

and Spider 1 was placed stationary on that table at 1m distance
from the table edge; (2) participants placed their hand at 25 cm
distance from the table edge, and Spider 1 was placed stationary
at 75 cm distance from table edge; (3) participants placed their
hand at 50 cm distance from table edge, and Spider 2 was placed
stationary at 75 cm distance from the table edge; (4) participants
were standing in front of a table, and Spider 2 crawled from
1m to 50 cm distance from the table edge; (5) participants were
standing in front of a table, and Spider 3 crawled from 50 to 15 cm
distance from the table edge; (6) participants placed their hand at
25 cm distance from the table edge, and Spider 4 crawled from
1m distance from the table edge onto the hand of the participant.
Each step took 30 s, followed by a 30 s break. A fixed duration was
used because some participants went through the different steps
of Experiment 1 very quickly, which could reflect avoidance or
reduce the impact of exposure to an animal. During each step,
participants reported SUDs on a scale from 0 (“free of anxiety
or tension”) to 10 (“extremely anxious or tense”). All steps of
the BAT were executed using virtual animals in AR, and no real
animals were presented to participants. Participants were asked
to rank the spiders according to evoked fear after the BAT.

Physiological Measurement
The Empatica E4 was worn on the wrist and calculated both HR
and SC. Whereas HR measured at the wrist is highly similar
to HR measured using stationary devices, SC measurement
appears to show limited agreement between wearable and
stationary monitoring, possibly owing to electrode placement,
sampling frequency, and the presence of fewer sweat glands
resulting in lower responsiveness of the signal (Menghini
et al., 2019; Konstantinou et al., 2020). However, despite low
correlation between SC signals from Empatica E4 and stationary

measurement, the wearable SC signal is found to be usable at
parameter level and even shows good sensitivity to emotional
stress (Ollander et al., 2017; Menghini et al., 2019; van Lier
et al., 2019). The Empatica E4 device measures the blood volume
pulse (BVP) signal using green and red LED technologies at a
sampling rate of 64Hz. SC is measured using two silver (Ag)
electrodes at the inner wrist and sampled at 4Hz. Data were
measured continuously after a settling in period of 5min. For the
exploratory physiological analyses, a subsample of 42 individuals
could be included. SC was filtered using a low pass filter with a
cutoff frequency of 0.4Hz (Sano et al., 2018). For BVP, a bandpass
filter with cutoff frequencies of 15 and 240 bpm were used,
followed by amedian filter (filter length 7) and amean filter (filter
length 5) to remove noise. HR was subsequently calculated based
on this filtered signal. Finally, both signals were analyzed using a
60 s sliding window.

Participants needed to wear the wearable device for at least
5min before the task to exclude effects relating to settling in
(which is especially relevant for SC). A comparison was made
between SC and HR during the 60 s before the start of the task
and the last 60 s of step 6, which is the moment with the highest
level of difficulty.

Questionnaires
Similar to Experiment 1, the SMSP-A, UTAUT questionnaire,
BFI, POMS, and IPQ were used. The following questionnaires
were added.

Fear of spiders questionnaire
The Fear of Spiders Questionnaire (FSQ; Szymanski and
Donohue, 1995) measures self-reported fear of spiders. The
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FIGURE 4 | Overview of the different spider models used during the behavioral approach tasks.

Dutch translation was used (Muris and Merckelbach, 1996) and
showed high reliability (Cronbach’s α = 0.96).

Circumscribed fear measure
The Dutch version of the Circumscribed Fear Measure
(CFM_NL) is a flexible trans-stimulus fear measure, based on five
components: risk analysis, physiological symptoms, fear/anxiety,
escape/avoidance, and control (McCraw and Valentiner, 2015).
Participants were asked to complete the CFM_NL for spiders.
Reliability in the current sample was high (Cronbach’s α = 0.95).

Procedure
Students of applied psychology collected the data, under
supervision of a clinical psychologist (TVD), in the context of
their bachelor dissertations. Prior to the testing day, participants
had to complete the informed consent and fill in an online survey,
consisting of the UTAUT questionnaire, BFI, CFM_NL, FSQ, and
SMSP-A. This survey could be completed at home whereas the
remainder of the experiment took place on campus. On the day
of testing, participants were first given the Empatica E4 wearable
so that there was enough time to settle in and physiological
habituation effects did not influence the measurements during

the BAT. Subsequently, participants completed the POMS and
started the BAT. After participants executed the six-step BAT
and reported the SUD scores, participants completed the POMS
again, filled in the IPQ, and provided some demographic
information. As a next step, participants were asked to rank
the four spiders they were presented with in the task, according
to how much fear they evoked. After all data were collected,
a debriefing was given through an oral presentation in which
the general concepts, purpose, and results of the experiment
were explained.

Data Reduction and Statistical Analysis
A repeated measures ANOVA was used to assess whether
the increasing levels of difficulty in the BAT were associated
with increased self-reported discomfort in the SUDs. Changes
from pre-test to post-test in POMS, SC, and HR were also
analyzed using repeated measures ANOVAs. Perceived realism
was consistently added as between-subjects factors. The ranking
of the spiders was analyzed using a Friedman’s ANOVA.
Two-tailed Pearson correlations were used to investigate the
association between the total scores of the CFM_NL and FSQ and
the BAT outcomes.
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Results
Descriptive Statistics
A sample of 40 women and 12 men were recruited with a
mean age of 18.63 (SD = 1.05). Table 2 provides an overview
of descriptive statistics. Participants generally had the means and
support to use e-mental health applications (as indicated by the
facilitating conditions scale); other average UTAUT scores are
within a mediocre range.

Results of the Behavioral Approach Task
A repeated measures ANOVA (with Greenhouse–Geisser
correction) showed that there was a significant increase in SUDs
throughout the different steps of the BAT, F(2.07, 101.51) = 74.69, p
< 0.001. The contrast between BAT 6 and BAT 1 was significant,
F(1, 49) = 112.08, p < 0.001. Similar to Experiment 1, reported
SUDs interacted significantly with perceived realism, F(4.14, 101.51)
= 5.39, p < 0.001. The reported SUDs and different trajectories
depending on perceived realism are shown in Figure 5. Although
there was no main effect in the repeated measures ANOVA on
the POMS anxiety score, F(1, 48) = 1.21, p = 0.28, there was a
crossover interaction, F(2, 48) = 5.01, p = 0.01. Visual inspection
of the data showed that while participants who perceived high
realism showed a small increase in POMS score, the other two
groups showed a decrease. However, one should be careful with
interpreting these effects, given the small sample sizes in the
three groups (N = 17, N = 13, and N = 22). Although HR did
not change, F(1, 38) = 0.21, p= 0.65, SC did significantly increase
from pre-BAT to post-BAT, F(1, 38) = 8.65, p = 0.006. Perceived
realism did not interact with psychophysiology.

Spider Ranking
Spiders were ranked according to self-reported fear with
significant differences reported across spiders, χ

2(52) = 44.03,
p < 0.001. Spider 1 was considered the least fear inducing (M =

1.65, SD = 0.79), followed by Spider 4 (M = 2.23, SD = 1.21).
Spider 2 (M = 3.04, SD = 0.99) and Spider 3 were ranked as the
most fear inducing (M = 3.08, SD= 0.76).

Associations Between Spider Anxiety and Behavioral

Approach Task Outcomes
Both CFM_NL and FSQ correlated significantly with initial self-
reported anxiety toward the virtual animal, anxiety during peak
exposure, and change in anxiety during the BAT (Table 3).

GENERAL DISCUSSION

The current study aimed to explore the potential of an AR
app for inducing fear for animals in a general sample because
the elicitation of fear of virtual animals is an important pre-
requisite for the effectiveness of ARET. Two experiments showed
that increasing levels of difficulty of exposure to various virtual
animals in a BAT were associated with increases in self-reported
anxiety. While screen size did not influence results, individual
differences such as fear of spiders and experienced realism
could influence the level of evoked discomfort. BAT effects were
stronger in individuals who report higher levels of perceived
realism. The elicitation of fear by the BAT was supported by

TABLE 2 | Descriptive statistics Experiment 2.

N M SD

SMSP-A spider 52 17.50 4.54

POMS tension–anxiety pre-test 51 10.27 3.86

POMS tension–anxiety post-test 52 10.04 4.08

IPQ experienced realism 52 2.33 1.29

UTAUT 52

Performance expectancy 3.01 0.88

Effort expectancy 3.42 0.69

Social influence 3.07 0.53

Facilitating conditions 4.16 0.71

Fear 2.88 1.08

Trust in data security 3.41 1.12

Knowledge about internet interventions 2.47 0.75

SMSP-A, Severity Measure for Specific Phobia - Adult; POMS, Profile of Mood States;

IPQ, Igroup Presence Questionnaire; UTAUT, Unified Theory of Acceptance and Use of

Technology.

the observed increase in SC from baseline to peak exposure.
However, no increase in HR was recorded.

Increasing levels of difficulty of the BAT were associated
with increasing levels of self-reported anxiety, and this was the
case for different animal species. Moving closer toward virtual
animals or experiencing a change in stance and behavior of
an animal did evoke anxiety. In line with Bretón-López et al.
(2010), virtual animals in locomotion elicited more anxiety than
stationary animals. In line with the assumptions of Baus and
Bouchard (2014), perceived realism had an important influence
on the effect of AR. Individuals who experienced a relatively low
level of realism of the animal did not increase in anxiety to the
same extent as the other participants in both experiments. The
current study did not observe significant differences in perceived
realism between different virtual animals. This suggests that how
realistic a certain virtual animal is not dependent on the type
of the animal but lies in the eye of the beholder. Nevertheless,
a more schematic representation of a spider was ranked lower
in terms of fear than a realistic version of the same spider.
Although the general sample of both experiments showed an
increase in anxiety throughout the task, Experiment 2 showed
highly significant correlations between spider anxiety (assessed
with a questionnaire) and an individual’s initial fear response to
a virtual spider, fear at the most difficult exposure level, and the
increase in anxiety during exposure.

The elicitation of anxiety by the virtual elements was also
partially supported by the exploratory physiological analyses. It
is important to note that two lines of inquiry are present in the
discourse on physiological correlates of exposure therapy (e.g.,
Craske et al., 2008; Diemer et al., 2014): (1) whether exposure
can effectively pose an immediate challenge to the fear system
and (2) whether exposure results in habituation and according
reductions in anxious arousal over time owing to treatment
success. The current study investigates increases in anxiety and
physiological activation, in accordance with the first research line.
The review of Diemer et al. (2014) shows that exposure in VR
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FIGURE 5 | Results of the main repeated measures ANOVA of Experiment 2. Mean reported Subjective Units of Distress during the subsequent difficulty levels of the

behavioral approach task. The different lines represent low (N = 17), medium (N = 13), and high (N = 22) perceived realism.

TABLE 3 | Pearson correlations between spider anxiety and BAT outcomes.

M SD 1 2 3 4 5

1. CFM total score 31.19 23.75 -

2. FSQ total score 44.17 30.53 0.91*** -

3. SUDs BAT 1 0.72 1.22 0.48*** 0.47*** -

4. SUDs BAT 6 4.30 3.11 0.59*** 0.54*** 0.57*** -

5. SUDs change 3.58 2.62 0.48*** 0.42** 0.20 0.92*** -

BAT, behavioral approach task; CFM, Circumscribed Fear Measure; FSQ, Fear of Spiders

Questionnaire; SUDs, Subjective Units of Distress.

**p < 0.01. ***p < 0.001.

implicates a physiological challenge, with increased SC, in both
clinical patients and healthy controls, and suggests that SC is
more sensitive than HR to the effects of exposure. Although only
one (out of 39) of the included studies of this review focused on
animal phobia, the current study corroborates these findings by
showing that virtual spiders in AR challenged the stress system
as shown by an increase in SC from baseline to peak exposure.
No differences in HR were documented in the experiments.
This could be explained by the fact that SC is strongly rooted
in the sympathetic nervous system, which is responsible for
fear-based arousal. On the other hand, HR is influenced by an
interaction between many different biological pathways. The role
of changes in HR during exposure therapy, both in the context
of initial fear activation and within-session habituation, has been
investigated bymultiple studies with varying results (Craske et al.,
2008). Overall, it seems that clinical improvements can occur
independent of HR changes.

In line with EPT (Foa and Kozak, 1986), the current
mobile AR application shows potential to be used for exposure
therapy. Nevertheless, further research should establish whether
the current effects translate to a clinical sample and whether
ARET using mobile devices could potentially be a useful add-
on treatment option for simple phobia, next to VRET and
in vivo exposure therapy. Using ubiquitous mobile devices,
which should have sufficient memory capacity and graphic
capabilities, could allow for easy implementation in clinical
practice. It is also relevant in this respect that screen size,
whether a smartphone or tablet was used, did not influence
the results. Mobile devices (especially markerless ones) also
allow the therapist to perform exposure in different naturalistic
contexts or use homework assignments, which can contribute
to fear elicitation and reduce the risk of renewal after
treatment (Juan and Joele, 2011; Bandarian-Balooch et al.,
2015). The current study points to several potentially useful
features of applications for ARET. Being able to offer multiple
animals within one application leads to a substantially bigger
target population. Providing several tailoring options for
each animal, that is, presenting them in a schematic and
realistic representation, static or in locomotion, or performing
certain behaviors that may be experienced as threatening
(e.g., barking), allow therapists to offer ARET in a very
controlled and flexible way that permits a gradual buildup
of anxiety.

The current study has several limitations. Findings in the
general population cannot be directly transferred to phobic
individuals and the exclusion of participants with elevated
anxiety results in a more restrictive range of affective responses.
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Participants were not screened for depressive or anxiety
symptoms, other than specific phobia in relation to the selected
animal. Because research on AR exposure to fearful stimuli is
limited, it is important to first monitor the effects in a population
with low levels of fear (cf. precautionary principle), but future
research should explore the effects of ARET in a clinical sample.
The current study also did not include a comparison with in
vivo exposure. Future research should ascertain whether ARET
is sufficiently effective as a stand-alone intervention or should be
combined with in vivo exposure to achieve the desired effects.
The current markerless app scanned the surroundings before a
virtual animal was presented. This could sometimes take time
and incorrect placement did sometimes still ensue, with, for
example, animals walking in the wrong direction. These factors
contributed to lower realism and anxiety scores. The sample
sizes of the different realism categories were also very small
in Experiment 2.

In conclusion, animals presented in AR through a mobile
device with increasing levels of difficulty can evoke anxiety in a
non-clinical sample. Whereas the general sample of the current
study showed increasing levels of anxiety with increasingly levels
of difficulty in the BAT (irrespective of animal species), anxiety
was lower in individuals who experienced low realism of animals.
There were also significant associations between the severity of
anxiety, as measured by stimulus-specific questionnaires and the
experienced distress in the task. The potential of virtual animals
to evoke a fear response is a pre-requisite for the implementation
of ARET. However, further research should establish the effects
of ARET in a clinical sample.
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