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Figure 1: Fear of height inducing condition used in Experiment 1 (left) and Experiment 2 (right).

ABSTRACT

Virtual Reality Exposure Therapy (VRET) has become an effective,
customizable, and affordable treatment for various psychological
and physiological disorders. Specifically, it is used to treat spe-
cific anxiety disorders, such as acrophobia or arachnophobia, for
decades. However, to ensure a positive outcome for patients, we
must understand and control the effects potentially caused by the
technology and medium of Virtual Reality (VR) itself. This article
specifically investigates the impact of the Plausibility illusion (Psi),
as one of the two theorized presence components, on the fear of
heights. In two experiments, 30 participants each experienced two
different heights with congruent and incongruent object behaviors
in a 2 x 2 within-subject design. Results show that the strength of
the congruence manipulation plays a significant role. Only when
incongruencies are strong enough will they be recognized by users,
specifically in high fear conditions, as triggered by exposure to in-
creased heights. If incongruencies are too subtle, they seem to be
overshadowed by the stronger fear reactions. Our evidence con-
tributes to recent theories of VR effects and emphasizes the impor-
tance of understanding and controlling factors potentially assumed
to be incidental, specifically during VRET designs. Incongruencies
should be controlled so that they do not have an unwanted influence
on the patient’s fear response.

Index Terms: XR, VR, Plausibility, Congruence, Acrophobia,
Virtual reality exposure therapy.
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1 INTRODUCTION

Virtual reality exposure therapy (VRET) has been researched and
applied for nearly 30 years [22], offering numerous advantages in
treating phobias. VR enables customizable therapy environments
tailored to individual progress, providing tangible consequences
and infinite scenarios enriched with additional elements. In addi-
tion, VR transcends the limitations of the real world [1], allowing
therapies to adapt to patient needs while maintaining precise con-
trol over the environment. Physiological data, such as heart rate,
can be monitored, and potential disruptions can be minimized or
eliminated. Therapy can occur in a private, protected space rather
than public settings, reducing embarrassment and enhancing patient
comfort. VR also broadens access to therapy in rural areas with
limited resources and specialists, enabling scalable solutions with
minimal effort.

The effectiveness of VRET has been well-documented [1, 9, 12],
with some studies indicating that it may surpass traditional real-life
therapy [1]. VRET applications include treating anxiety disorders
such as claustrophobia [9], acrophobia [12, 18], or arachnophobia
[2, 23], by gradually introducing fear triggers and adjusting inten-
sity to the patient’s progress.

Given its promise, research has explored key factors influenc-
ing VRET success, including presence, immersion, and plausibil-
ity. However, while some studies link presence positively with fear
responses [7, 25], others report no effect [16, 18, 27] or even a nega-
tive correlation [21, 35]. Presence also appears unrelated to physio-
logical fear reactions [33]. Plausibility illusion, however, may play
a more significant role than presence when it comes to peoples fear
reactions [20]. Nonetheless, the influence of plausibility on fear
seems to be underresearched [22].

With these mixed findings, the determinants of successful VR-
based therapy remain uncertain to some notable extent, necessi-
tating further exploration of factors like presence, immersion, and
plausibility—particularly in light of growing interest in plausibil-
ity’s role in XR [19, 32]. Thus, the present research investigates
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the relationship between perceived plausibility and fear of heights.
In two experiments, we manipulated plausibility via object behav-
ior congruence in low- and high-fear environments. Acrophobia,
affecting about 1 in 20 adults [8], was chosen to evoke fear even
in a non-clinical sample [12, 18]. Through targeted manipulation
of plausibility and height, the present research contributes to a bet-
ter understanding of the relationship between them and, thus, the
VR-specific conditions for successful VRET.

2 RELATED WORK
2.1 Virtual Reality Exposure Therapy

Literature reviews regarding VRET shows a great body of re-
search in this field [1, 22, 24]. Its applications span diverse pho-
bias, including acrophobia, social phobia, agoraphobia, claustro-
phobia, fear of animals, and many more. Studies have examined
factors influencing VRET success, such as temporal effects [23]
and pre-existing conditions [21]. However, studies on the influ-
ence of presence on fear account for most research to date (e.g.
[7,12, 16, 18, 20, 25, 27, 33]).

2.2 Presence and VRET

Presence, often central to VRET research, is widely defined using
Slater’s model [31], which comprises of the two orthogonal factors
place illusion (PI) and plausibility illusion (Psi). PI is the feeling
of “being there” and is used as an analogy to spatial presence. Im-
mersion, as the technical properties of a VR application, is seen as
the frame within which PI can occur. Psi is defined as the “credibil-
ity of events in comparison with what would be expected in reality
in similar circumstances” [31, p. 3556]. This model by Slater [31]
was later used as a basis by Skarbez et al. [28]. Among other things
they introduced the social presence illusion. More importantly, they
argue that there has to be a similar concept to immersion that influ-
ences Psi, which they specify as coherence. They define coherence
as the level to which a “virtual scenario behaves in a reasonable
and predictable way” [30, p. 44]. Skarbez [30] also argues that the
perceived plausibility depends on users’ expectations of a virtual
environment. This model can be seen in figure 2.
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Figure 2: Slater’s model, which describes the emergence of
presence through place illusion and plausibility illusion [31]
extended by Skarbez [29]. (layout redesigned by the authors)

PI is crucial for VRET as it enables users to feel “present”
in phobia-inducing scenarios, such as high places for acrophobia
treatment. As immersion is the frame within which PI can occur,
it is often manipulated to investigate the influence of PI on fear
[12, 18, 21, 23]. Studies typically compare highly immersive con-
ditions (e.g., stereoscopic displays or CAVEs) with less immersive
setups. It is assumed that the higher immersion should lead to a
stronger feeling of PI and overall presence.

Peperkorn et al. [23] tested a stereoscopic (high immer-
sion/presence) against a monoscopic (low immersion/presence) set-
ting of a powerwall. They used arachnophobia, the fear of spiders,
to induce fear. The participants were women who previously ex-
pressed that they experienced fear when confronted with spiders.
They were repeatedly confronted with a large spider. The fear re-
actions were measured several times over the experiment. Results
show that in the stereoscopic condition, fear reactions were stronger
and presence ratings higher. After the first trial, presence seemed to
directly influence fear, while over time, the two seemed to depend
on each other mutually.

Krijn et al. [18] tested a head-mounted display (HMD, low pres-
ence) against a computer automatic virtual environment (CAVE,
high presence). They used acrophobia, the fear of heights, to induce
fear. Different virtual environments were tested, increasing the en-
vironment’s height and, thus, fear each time. Results show that the
CAVE environment did result in higher presence ratings. However,
they found no significant differences between the two presence con-
ditions regarding their effect on fear.

Gromer et al. [12] used the degree of sensory realism to manipu-
late presence. They tested high sensory realism against low sensory
realism (reduced vertices, missing sounds). They also used acro-
phobia to induce fear. They tested a high-fear environment (virtual
height) against a neutral control condition (forest environment). A
stronger emotional involvement triggered by fear and a higher de-
gree of sensory realism lead to a greater sense of presence. A higher
presence rating in the control condition was a predictor for a higher
fear response in the later high-fear condition. This was probably
due to personal factors of the individuals. However, the presence
manipulation did not increase or decrease fear.

2.3 Plausibility lllusion and Higher-Level Factors

Lin [20] shifted focus to Psi, exploring its role in fear elicitation.
Instead of comparing low fear to high fear or low presence to high
presence, they investigated the difference in the influence of PI
and Psi elements on fear. This makes it one of the first studies
to look specifically at the influence of Psi. They were interested
in which elements contributed most to people’s fear. PI elements
in the game were defined as those related to the environment, e.g.,
ambient sounds or lighting conditions. Psi elements, conversely,
are game or action-related things, such as control over what is hap-
pening, and thus, are more of a semantic nature. Another difference
is that they did not use specific anxiety (like acrophobia), but rather
general fear elicited from a VR horror game. Participants played
the VR horror game and afterward rated different elements based
on the impact it had on their fear. The results show that the Psi ele-
ments were more important for triggering fear than the PI elements.
This underscores the importance of Psi in VR applications.

Ling et al. [22] similarly emphasized the underexplored role of
Psi, noting that most presence research prioritizes PI. While previ-
ous studies and questionnaires often focussed on the PI component
of Slater’s presence definition, the general role of plausibility in VR
recently gained increased attention [3, 4, 5, 6, 19, 32, 36, 37].

2.4 Congruence and Plausibility Model

According to the Congruence and Plausibility model (CaP) [19],
plausibility arises from congruent information on the sensation, per-
ception and cognition layer. The model does not assume plausibil-
ity to be orthogonal to the PI like in Slater’s presence model [31],
shifting the focus to cues from the three layers, which in turn holis-
tically impact plausibility. For example, the model assumes Slater’s
PI to appear due to congruent spatial cues giving rise to a plausible
spatial sensation. Overall, plausibility influences other qualia like
placeness, body ownership, or co-presence. This new model can be
seen in figure 3.
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In this model, the often-used immersion manipulation is located
on the perceptual layer. Previous work has shown that lower-level
cues have a stronger effect on participants than higher-level cues
[5]. However, higher-level cues must also be investigated to better
understand their influence. In Lin [20], the Psi elements were of
a semantic nature and often in the context of the task (control of
what is happening). Briibach et al. [6] showed that incongruencies
related to tasks may have a stronger effect than those not related to
the task. This emphasizes the need for a multi-layered investigation.
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Figure 3: The Congruence and Plausibility model [19] and the
manipulation location. (layout redesigned by the authors)

2.5 Summary and Present Work

While the influence of presence and immersion on the feeling of
fear in VR has been investigated several times [1, 21], there is lit-
tle research on the influence of plausibility [20, 22]. Previous re-
search focused on manipulating immersion, a lower-level manipu-
lation in the CaP model. We see a research gap in understanding the
impact of higher-level manipulation, building on existing evidence
that suggests such an effect [20].

For this purpose, we have developed two applications designed
to trigger people’s fear of heights. We did not manipulate immer-
sion and kept the PI consistent for both conditions. In two experi-
ments, we manipulated the object behavior congruence, influencing
the perceived plausibility. In the first experiment, we manipulated
the objects’ gravity as in Briibach et al. [5], and in the second ex-
periment, we manipulated the objects’ size similar to Briibach et al.
[3, 6]. In Experiment 1, we encountered challenges, and open ques-
tions arose from the results. To address this and further investigate
the underlying phenomena, we designed and conducted Experiment
2. This is a semantic manipulation located on the cognitive layer of
the CaP model. Incongruent object behavior should lead to a break
in plausibility, which is defined as a significant effect between the
manipulation and the control condition in the plausibility question-
naire. Participants interacted with these manipulated objects in a
fear-inducing environment (top of a skyscraper or radio tower) or
in a neutral environment (sidewalk or ground). This can be seen as
a perceptual manipulation. We then measured both the perceived
plausibility and their subjective feeling of fear. Our results con-
tribute to a better understanding of the relationship between fear
and perceived plausibility, showing that the intensity of the incon-
gruence is an important factor for its influence on perceived fear.
This shows that in the context of therapy, attention must be paid to
how strong incongruences are and how they affect the interaction
with the virtual environment.

Based on the results of Briibach et al. [5], we assume that the
weightlessness (Experiment 1) or the change of size (Experiment 2)
of objects is an effective incongruence manipulation and can affect
the perceived plausibility. So, our first hypothesis is as follows:

¢ H1 Incongruent object behavior, i.e., weightlessness (Ex1) or
size changes (Ex2), will reduce perceived plausibility.

In the Lin [20] experiment, the Psi elements contributed more to
participants’ fear more than PI elements. This leads us to conclude
that manipulating Psi elements, and thus reducing their influence,
can reduce participants’ fear reactions.

e H2 Participants’ fear will be lower with incongruent object
behavior.

3 EXPERIMENT 1
3.1 Methods

Ethical approval was not required by the institution for this study.
However, safety precautions identical to those approved for Exper-
iment 2 were implemented, including conducting the experiment in
an empty room to prevent injuries, closely monitoring participants,
and providing detailed information about the environment before-
hand.

3.1.1 Study Design

We used a randomized 2 x 2 within-subject design. The first fac-
tor was height. Participants were either down on the street side-
walk with the baskets in front of them (low-fear) or on top of a
skyscraper where they had to cross a plank to reach them (high-
fear). The second factor was the congruence. Participants had to
sort colored bottles into the corresponding baskets. These bottles
either behaved normally, i.e., they fell to the ground when partici-
pants let go of them (congruent), or they had a manipulated gravity,
i.e., floating when they were let go (incongruent). This congruence
manipulation should lead to a reduced perceived plausibility.

3.1.2 Application

We used a high-end computer with an Nvidia Geforce RTX 3080
GPU with 64 GB of RAM and an Intel i19-11900K CPU. The ap-
plication was developed in the Unity Engine (v2021.3.11f1) using
the Open XR Plugin from Microsoft Mixed Reality (v1.5.3) and the
XR Interaction Toolkit (v2.0.4). The HP Reverb headset was used
for development and user study.

We used the city center of an urban city as the environment. It
contained several skyscrapers. We omitted moving objects or un-
related sounds to avoid distracting participants from the task. The
bottles participants had to sort were dispensed by a tube on their
left side. They fell into a bowl where participants were able to
pick them up. Participants then had to walk a short distance to the
baskets to sort the bottles into. In the high-fear condition, this in-
volved walking on a plank over the edge of the building to reach
the baskets. The plank had a length of approximately 1.8 m, and
the building was 24 stories high. The environment can be seen in
figure 4.

3.1.3 Measures

A variation of the Perceived Plausibility Questionnaire (PPQ) pro-
posed by Briibach et al. [5] was used to measure the perceived
plausibility. As in previous experiments [3, 4, 6], we replaced the
term objects with scenario to better represent the perceived plausi-
bility of the whole XR experience. The questionnaire has 13 items
on a 7-point Likert scale with the endpoint I do not agree at all (1)
and [ fully agree (7).

We used the visual height intolerance severity scale (VHISS)
by Huppert et al. [14] to measure the participants’ predisposition
for acrophobia. This questionnaire measures the severity of visual
height intolerance on a scale from 0 (least severely affected) to 13
(most severely affected). This is used as a control variable to en-
sure that no participant has clinical acrophobia. This was done as
a precaution so that participants would not suffer any harm during
the study.
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Figure 4: The four conditions of the experiment.

During the experiment, we used the Subjective Units of Distress
Scale (SUDS) by Wolpe [38]. It measures feelings of anxiety on
a one-item Likert scale from O (a state of absolute calmness) to 10
(the worst anxiety ever experienced). After each condition, par-
ticipants were asked whether they had a heightened sense of stress
from the height manipulation. The SUDS has been used in previous
research for different anxiety disorders [23].

We used the Cybersickness in Virtual Reality Questionnaire
(CSQ-VR) by Kourtesis et al. [17] to control for VR sickness.
It measures sickness caused by VR with the subscales Nausea,
Vestibular, and Oculomotor. Each subscale has two items with a
7-point Likert scale from 1 (absent feeling) to 7 (extreme feeling).

Additionally, the NASA-TLX by Hart et al. [13] was used to
control for differences in the workload between the congruence
conditions. It assesses mental, physical, and temporal demand and
performance, effort, and frustrations participants feel during a task
on a scale from 1 to 100.

3.1.4 Procedure

The study procedure can be seen in figure 5. The experiment took
approximately 45 minutes. It started with the participants filling
out the consent forms and answering demographical questions and
questions about their previous VR experience. Additionally, they
answered the VHISS questionnaire and the CSQ-VR. Participants
were then informed that they could stop the experiment at any time
with no consequences if they felt uncomfortable. The experiment
started with a short tutorial to familiarize the participants with the
application’s controls. The participants then started with the first
condition in VR. The VR part took about 5 minutes. Participants
had to sort 10 bottles correctly. After the VR part, they answered the
PPQ, the SUDS, the CSQ-VR, and the NASA-TLX. They repeated
this four times. At the end, participants were told about the study’s
intention and had the option to ask questions.

3.1.5 Participants

A power analysis determined that the experiment required a min-
imum of 24 participants (effect size 0.25, estimated power 0.8).
Thirty participants took part in the experiment. We had to exclude
one participant from the data analysis due to technical problems.
The pool was divided into eighteen female, ten male, and one non-
binary participant. They were between 19 and 59 years old and
the mean age was M = 28.69 (SD = 12.48). There were twenty-
one students, five employees, two pupils, and one pensioner. Five
participants had less than one hour of VR experience, eleven had
between one to five hours of experience, three had more than ten
hours of experience, and three had more than twenty hours of ex-
perience. Before the experiment started, the results of the VHISS
questionnaire were analyzed. No participant showed a conspicuous
disposition for acrophobia.

3.2 Results Experiment 1

We calculated a repeated measures ANOVA with a significance
level of p < .05 for all variables. All means and standard devia-

tions for each condition for Experiment 1 can be seen in table 1.
We used Jasp 0.19 for the data analysis.

3.2.1 Control Variables

CSQ-VR We found a significant effect for the congruence fac-
tor in the CSQ-VR (F(1,28) =4.42,p = .045,17[2, =.03). The in-
congruent behavior seemed to have decreased VR sickness. We
found no significance for the height factor or an interaction effect
between the two.

NASA-TLX The NASA-TLX also showed a significant main
effect for the congruence factor (F(1,28) = 80.61,p < .001,11]% =
42), and for the height factor (F(1,28) = 48.90,p < .001,115 =
.19), and an interaction effect between the two (F(1,28) =
16.39,p < .001,1]1% = .05). Both the high-fear and the incongru-
ent conditions caused a higher workload for participants.

Pairwise comparison using the Holm correction showed that
the interaction effect is between the high-fear congruent condi-
tion and the low-fear congruent condition (py,y, < .001). There
is also a significant effect between the high-fear incongruent con-
dition and all other conditions: the low-fear congruent condition
(Phoim < -001), the high-fear incongruent condition (ppy, < .001),
and the low-fear incongruent condition (pje;, < .001). The high-
fear incongruent condition has a significantly higher workload than
all other conditions. Additionally, there is a significant effect be-
tween the low-fear incongruent condition and both the high-fear
congruent condition (pj,, = -033) and the low-fear congruent con-
dition (ppepm = -018). The low-fear incongruent condition has a
higher workload than both the high-fear and the low-fear congruent
condition.

The high-fear conditions have a higher workload than the low-
fear conditions. The incongruent conditions have a higher work-
load than the congruent conditions. A combination of high-fear
and incongruent has a significantly higher workload than all other
conditions.

Results for each subscale can be seen in figure 8. The results of
the post-hoc tests can bee seen in table 2.

VHISS No participant reached the threshold to consider “clini-
cal acrophobia”.

3.2.2 Subjective Units of Distress Scale

In the SUDS, there was a significant main effect for both congru-
ence (F(1,28) =39.10,p < .OOI,nl% = .42) and height (F(1,28) =
5.53,p=.026, 773 =.03). We found no significant interaction effect
between the two.

3.2.3 Perceived Plausibility Questionnaire

We found significant main effects for both congruence (F(1,28) =
90.60,p < .001,n2 = .55) and height (F(1,28) = 20.61,p <
.001, 1112, =.08). We found no significant interaction effect between
the two.
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Figure 5: Experimental procedure consisting of pre-questionnaires, four VR exposures, and post-questionnaires after each condition.
Questionnaires marked with * are only used in Experiment 2.

Height Low-Fear Low-Fear High-Fear High-Fear
Congruence Congruent Incongruent Congruent Incongruent
Mean SD  Mean SD  Mean SD  Mean SD
NASA-TLX 590 999 12,02 1230 1774 1591 35.69 18.56
CSQ-VR -035 206 -1.21 3.61 1.10 328 -0.14 2.52
SUDS 0.18 0.37 0.67 1.17 2.52 2.35 3.45 3.26
PPQ 595 0.73 3.33 1.55 4.75 1.39 2.83 0.95

Table 1: Means and standard deviations of all questionnaires for each condition in Experiment 1.

3.3 Discussion Experiment 1

As expected from previous work [5], we can accept H1: “Incon-
gruent object behavior, i.e., weightlessness, will reduce perceived
plausibility.” The results from the PPQ show a significantly lower
perceived plausibility in the incongruent conditions compared to
the congruent ones, regardless of the height condition. Also, the
high-fear condition was rated as less plausible than the low-fear
condition. This might be due to the design of the environment. Par-
ticipants had to walk over a plank, and the buckets were placed on
a small platform off the building (see figure 1 left). Participants
are more used to the low-fear condition where they are placed on
a sidewalk, while the high-fear condition on the plank might seem
unusual to them and, thus, less plausible.

From the SUDS questionnaire, we can see that our height manip-
ulation worked. Participants had higher stress ratings, which indi-
cates fear, in the high-fear condition than in the low-fear condition.
Additionally, participants reported higher stress in the incongruent
conditions. We must reject hypothesis H2, “Participants’ fear will
be lower with incongruent object behavior.” The results show that
participants reported higher stress and, thus, fear in the incongruent
behavior. This is surprising given the findings of Lin et al. [20].
One explanation may be that the unpredictability of the object’s
behavior has caused additional stress. Dealing with unpredictable
events in a frightening situation can add to stress and cause more
fear [34]. Humans use prior knowledge and logical thinking to as-
sess situations. If something in this situation now acts implausible,
it is hard for humans to assess this behavior and situation, and this
can, in turn, lead to fear. Additionally, the congruence manipulation
directly influenced the sorting task participants had to complete.
The incongruent scenario was more difficult, also reflected in the
NASA-TLX. This may have, therefore, caused more pressure and
stress for the participants and may, therefore, have used more cog-
nitive resources. However, there was no interaction effect between
the height and the congruence. Therefore, we cannot say for sure
that incongruence and fear influence each other.

We did find significant effects in the control variable NASA-
TLX. The results show that there is a significant interaction ef-
fect between the congruence and the height conditions. The results
show that the high-fear condition had a higher workload. There was
a significant interaction effect between the high-fear conditions and
the congruence conditions. However, this effect was not significant
for the low-fear condition. This indicates that the participants’ ex-

perienced fear could explain some of this effect. Fear could have
already occupied part of the mental capacity, which means that, in
total, more mental capacity was needed to fulfill the task. Again,
the unpredictability of the objects’ behavior may have contributed
to an increase in the mental load of the test subjects. The additional
task of walking on the plank could have strengthened this effect.
Also, sorting floating bottles is more complex than sorting bottles
with normal behavior. Additionally, balancing over the plank might
have also introduced an unintentional difficulty.

We also found a lower cybersickness in the incongruent condi-
tions compared to the congruent condition. One explanation could
be that as participants felt less immersed due to the implausible be-
havior, making them less sick. However, the absolute values of the
CSQ-VR were very low.

3.3.1

There are a few problems with Experiment 1. First, the NASA-TLX
showed a significant difference in task load between the congruence
conditions. The effect of this confound might have on other factors,
like fear and perceived plausibility, is unclear. We used the grav-
ity of the objects with which the participants interacted. While it
makes sense to use a conspicuous manipulation for an initial study,
it would be useful to manipulate the object behavior in a way that
does not interfere with the completion of the task.

Secondly, the PPQ showed that the high-fear condition had
unwanted a priori incongruencies, lowering the overall perceived
plausibility in this condition. This might also be due to the nature
of the environment. Standing on a skyscraper and walking over a
plank is not a normal situation for participants to be in and might,
therefore, be seen as implausible.

In this study, we also did not examine the role that presence could
have played. However, the feeling of presence could differ between
the conditions, and it should, therefore, be considered in a follow-
up experiment.

Limitations of Experiment 1

4 EXPERIMENT 2

To address the confounds of Experiment 1, we designed a follow-
up experiment. As discussed, there was a significant effect in the
NASA-TLX in Experiment 1. This may partly be because sorting
floating bottles is harder than sorting bottles with normal behav-
ior. Thus, we adapted the congruence manipulation for the objects
to change size when interacted with to avoid this issue. The en-
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Figure 8: Means and standard deviations of each NASA-TLX subscale for Experiment 1.

vironment in Experiment 1 seemed to introduce unwanted a priori
incongruencies. Thus, we also changed the environment to avoid
the plank and have a more realistic setting. Lastly, we did not ex-
amine the role that presence could have played in the first exper-
iment. However, the feeling of presence could differ between the
conditions, so it should be included. Therefore, we used the IPQ to
measure presence.

As we changed the manipulation of the object H1 has to be
adapted as follows:

* H1 Incongruent object behavior, i.e., size changes, will reduce
perceived plausibility.

With the added measurement of presence, we introduce a third
hypothesis. Previous research showed that a higher feeling of pres-
ence leads to higher fear [7, 25]. Therefore, our third hypothesis is
as follows:

» H3 Higher presence will lead to a higher feeling of fear.

After Experiment 1, we hypothesized that the uncertainty intro-
duced by the congruence manipulation might have influenced the
participants’ perceived plausibility. We introduced an uncertainty
tolerance questionnaire to see if this is the case. This was designed
to show whether participants’ tolerance of uncertainty moderated
their perception of the environment and the manipulations.

The study received ethical approval from the Institutional Re-
view Board (IRB) (Ethics Committee of the Institute Human-
Computer-Media, University of Wiirzburg).

4.1 Methods
4.1.1 Study Design

We also used a randomized 2 x 2 within-subject design for the sec-
ond experiment. The first factor was height. Participants were ei-
ther down on the ground in front of the radio tower (low-fear) or
on top of the radio tower, with an open elevator to bring them up
(high-fear). The second factor was the congruence. Participants
had to repair a fuse box of the radio tower. The tools either behaved
normally, i.e., they kept their size when they were picked up (con-
gruent), or their size behavior was manipulated, i.e., they randomly
got bigger or smaller when they were picked up (incongruent). The
size was randomly set between 70 and 130% of the original size.
This congruence manipulation should lead to a reduced perceived
plausibility. The manipulations can be seen in figure 9.

4.1.2 Application

We used a high-end computer with an Nvidia Geforce RTX 3080
GPU with 64 GB of RAM and an Intel i9-11900K CPU. The ap-
plication was developed in the Unity Engine (v2022.3.23f1) using
the Open XR Plugin (v1.10.0). The HTC Vive headset was used in
combination with the Valve Index controllers for development and
user study.

For our second experiment, we wanted a scenario where partici-
pants could see the height more easily without needing a plank. We
opted for a radio tower in a forest setting. The tower had an open
elevator on the side, bringing participants up to the top to actively
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(b) Normal Size.

(c) Larger.

Figure 9: Incongruent tool behavior.

watch the height increase. Additionally, some of the floor plates on
the top were made of glass. At the top and bottom were an open
fuse box and a table that held all the tools needed. Participants re-
mained in their place while repairing the fuse box. The size of the
tools did not influence the task difficulty. The participants only had
to touch the parts (i.e., screws, nails) they were supposed to repair
with the tool. The area to be repaired was marked in yellow. They
had to carry out 6 repairs by touching the parts 3 times each. The
environment can be seen in figure 10.

4.1.3 Measures

As in Experiment 1, we used the PPQ, the vHISS, the SUDS, and
the NASA-TLX.

Additionally, we used the Intolerance of Uncertainty (IUS) ques-
tionnaire by Freeston et al. [10] in the appropriate translation by
Gerlach et al. [11]. It measures participants’ emotional, cognitive,
and behavioral reactions to ambiguous situations, the implications
of uncertainty, and attempts to control the future. It has 27 items on
a 5-point Likert scale from 1 (not at all representative) to 5 (com-
pletely representative).

We measure presence with the Igroup Presence Questionnaire
(IPQ) by Schubert et al. [26], with three subscales: spatial presence
(five questions), involvement (four questions), and experienced re-
alism (four questions), as well as one item that does not belong to a
subscale. It consists of fourteen items on a scale from O to 6, with
varying endpoints between the questions.

The Virtual Reality Sickness Questionaire (VRSQ) by Kim et al.
[15] was used, which measures sickness caused by virtual reality
with the two dimensions oculomotor and disorientation. It consists
of five items for disorientation and four items for oculomotor on a
scale from not at all (0) to strong (3) to describe the symptoms of
VR sickness.

4.1.4 Procedure

The study procedure is the same as in Experiment 1 and can be
seen in figure 5. The main differences are the pre- and post-
questionnaires. In the second experiment, we used the VRSQ in-
stead of the CSQ-VR. Additionally, we surveyed uncertainty toler-
ance and presence. The experiment took approximately one hour.
The VR part took about 5 minutes for each condition.

4.1.5 Participants

A power analysis determined that the experiment required a min-
imum of 24 participants (effect size 0.25, estimated power 0.8).
Thirty-one participants took part in the experiment. The pool was
divided into twenty females, ten males, and one trans-feminine par-
ticipant. They were between 19 and 63 years old and had a mean
age of M = 31.10(SD = 14.34) years. Ten participants were em-
ployees, sixteen were students, three were unemployed, and two
had other unspecified occupations. Seven participants had less than
one hour of VR experience, ten had between one to five hours of
experience, five had between five and ten hours of experience, five
had more than ten hours of experience, and four had more than
twenty hours of experience. As in Experiment 1, the results of the

VHISS questionnaire were analyzed before the VR part started. No
participant showed a conspicuous disposition for acrophobia.

4.2 Results Experiment 2

We calculated a repeated measures ANOVA with a significance
level of p < .05 for all variables. Means and standard deviations
of the PPQ, SUDS, and IPQ for each condition for Experiment 2
can be seen in table 3.

4.2.1 Control Variables

VRSQ We found no significant main effects in the VRSQ for
the height (F(1,30) =3.19,p = .084,11; =.096) and the congru-
ence (F(1,30) =0.67, p = .420, "l; =.022). There was also no sig-
nificant interaction effect between the two conditions (F(1,30) =
1.56, p = 222,12 = .049).

NASA-TLX We found no significant main effects in the
NASA-TLX for the congruence (F(1,30) =0.32,p = .575,n[% =

.011) and the height (F(1,30) =2.58,p = .119,11; =.079). There
was also no significant interaction effect between the two condi-
tions (F(1,30) = 0.38,p = .541, r[’% =.013).

VHISS and IUS Again, the results of the VHISS question-
naire showed that no participant reached the threshold to con-
sider “clicinal acrophobia”. We conducted a moderation anal-
ysis to determine whether the VHISS significantly predicts fear
of heights measured by the SUDS. The overall model was sig-
nificant for the height conditions, F(3,120) = 30.59,p < .001,
predicting 13.3% of the variance. Moderation analysis showed
that visual height intolerance moderated the effect between height
and fear significantly, AR? = 13.3%,F(1,120) = 28.17,p <
.001,95% CI[—0.866,—0.396]. For the congruence conditions,
the analysis did not show that visual height intolerance moder-
ated the effect between congruence and fear significantly, AR? =
0.6%,F(1,120) = 3.57, p < .366,95% CI[—0.162,0.437].

We conducted a moderation analysis to determine whether
the IUS significantly predicts fear of heights measured by
the SUDS. For the height conditions, the analysis did not
show that uncertainty intolerance moderated the effect between
height and fear significantly, AR> = 1%,F(1,120) = 1.71,p <
.194,95% CI[—0.077,0.016]. For the congruence conditions,
the analysis did not show that uncertainty intolerance moder-
ated the effect between congruence and fear significantly, AR? =
1%, F(1,120) =2.80,p < .700,95% CI[—0.064,0.043].

Lastly, we also conducted a moderation analysis to deter-
mine whether the IUS significantly predicts perceived plausibil-
ity measured by the PPQ. For the height conditions, the analy-
sis did not show that uncertainty intolerance moderated the ef-
fect between height and fear significantly, AR?> = 1%, F(1,120) =
0.379,p < .459,95% CI1[—0.008,0.017]. For the congruence con-
ditions, the analysis did not show that uncertainty intolerance mod-
erated the effect between congruence and fear significantly, AR? =
1%,F(1,120) = 1.54,p < .419,95% CI[—0.007,0.017].
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(a) Bottom of the radio tower.

(b) Top of the radio tower.

(c) Elevator bringing the participants to the top.

Figure 10: The environment used in Experiment 2.
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Figure 11: Means and standard error of the PPQ, SUDS, and IPQ for each condition for Experiment 2. A * marks a significant effect.

4.2.2 Subjective Units of Distress Scale

In the SUDS, there was a significant main effect for the height
(F(1,30) = 23.90,p < .0017115 = .443). The stress was signifi-
cantly higher in the high-fear conditions. We found no significant
main effect for the congruence (F(1,30) = 0.29,p = .5967115 =
.009) and no significant interaction effect between the two condi-
tions (F(1,30) =0.34,p = .567,1]1% =.011).

4.2.3 Perceived Plausibility Questionnaire

In the PPQ, there was a significant main effect for the congru-
ence (F(1,30) = 6.24,p = .018,11; = .172). The perceived plau-
sibility was significantly lower in the incongruent conditions. We
found no significant main effect for the height (F(1,30) = .42,p =
522, 115 =.014). We also found a significant interaction effect be-

tween the two conditions (F(1,30) =5.97,p = .021,1]5 =.166).

Post-hoc tests using the Holm correction showed that the sig-
nificant effect is between the low-fear congruent and the low-fear
incongruent condition (py,;,, = .016), with a higher perceived plau-
sibility in the low-fear congruent condition. There was no other
significant interaction effect.

424 1IPQ

We found significant main effects for both the congruence
(F(1,30) =5.13,p = .031,11[2J = .146) and the height (F(1,30) =
12.18,p = .002, nlz, = .289). We found no significant interaction
effect between the two.

4.3 Discussion Experiment 2

The NASA-TLX did not show a significant difference between the
conditions. We can, therefore, say that we eliminated the problem
with the different difficulties between the conditions.

The visual height intolerance scale (VHISS) and the intolerance
of uncertainty scale (IUS) both showed a significant effect on the
SUDS. Therefore, both these factors are predictors of the fear par-
ticipants felt during the high-fear condition. This is an expected ef-
fect as participants with a predisposition for fear of heights (VHISS)
or alow tolerance for unknown events (IUS) are prone to experience
more fear of heights in an unknown, virtual height environment.

We did not find an effect of the intolerance of uncertainty scale
(IUS) on the perceived plausibility. We expected that a lower tol-
erance to uncertainty would make subjects more susceptible to the
congruence manipulation as it made the objects less predictable.
This does not appear to be the case.

On the positive side, it should be noted that the height conditions
did not significantly differ in perceived plausibility. The high-fear
condition of Experiment 2 thus does not appear to have any a pri-
ori incongruencies compared to Experiment 1. In Experiment 2,
we can partly accept H1: “Incongruent object behavior, i.e., size
changes, will reduce perceived plausibility.” While the perceived
plausibility was lower in the incongruent condition, this was only
true for the low-fear condition. In the high-fear condition, we could
not find a significant difference in the perceived plausibility. One
explanation could be that participants’ heightened fear overshad-
owed their perception of the incongruence. Compared to Experi-
ment 1, the incongruencies did not affect the participants’ ability
to complete the task. It was, therefore, easier for participants to
overlook the manipulated behavior.

As in Experiment 1, we can see that our height manipulation
worked as the SUDS showed significant differences between the
conditions. Compared to the low-fear condition, participants had
higher stress ratings in the high-fear conditions. However, because
we did not find significant differences in the perceived plausibil-
ity for the high-fear condition, we have to reject H2, “Participants’
fear will be lower with incongruent object behavior.” again. How-
ever, for different reasons as in Experiment 1. In Experiment 1, we
found a significant effect for the SUDS between the congruent and
the incongruent conditions. This was not the case in Experiment 2.
Therefore, the plausibility manipulation did not influence the par-
ticipants’ fear. It seems to be more the case that the increased fear
captivates the participants so much that the incongruencies play a
minor role. This is why they have less of an effect on perceived
plausibility.

We can accept our third hypothesis: “Higher presence will lead
to a higher feeling of fear.” We found a significant effect between
the low-fear and the high-fear condition. Participants had higher
presence scores in the high fear condition. Additionally, they had
higher scores in the congruent conditions. This contradicts previous
research from Briibach et al. [5] where a break in plausibility did
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Height Low-Fear Low-Fear High-Fear High-Fear
Plausibility Congruent Incongruent Congruent Incongruent
Mean SD  Mean SD  Mean SD  Mean SD
NASA-TLX 1297 1484 1430 1579 1621 16.09 16.05 16.31
VRSQ 0.13 0.18 0.15 0.19 0.17 0.22 0.17 0.19
SUDS 0.84 1.07 0.68 0.83 2.58 2.31 2.58 2.16
PPQ 4.32 0.42 4.04 0.43 4.12 0.38 4.12 0.49
1PQ 3.51 0.55 3.39 0.48 3.67 0.41 3.57 0.53

Table 3: Means and standard deviations of all questionnaires for each condition in Experiment 2.

not affect presence. The incongruent object behavior caused a lower
feeling of presence in the participants.

5 DiIscussION

In our two experiments, we were able to see that the high-fear con-
ditions did trigger higher stress and, thus, higher fear. Therefore,
we can say that the fear manipulation worked for both experiments.

In the first experiment, we could see that the perceived plausi-
bility was lower in both the incongruent and high-fear conditions.
They did not, however, influence each other. However, the first ex-
periment had confounds, which we discussed earlier. Therefore,
we carried out the second experiment to eliminate the unwanted a
priori incongruence of the high-fear condition present in Experi-
ment 1. We, therefore, chose a more believable way to show virtual
height. Additionally, we changed the congruence manipulation. In
this experiment it was intended to be conspicuous but not to influ-
ence the task’s difficulty between conditions.

Controlling for these two factors has led to different results than
in Experiment 1. Perceived plausibility and fear seem to influence
each other, as we found an interaction effect between them. We
can see that the congruence manipulation worked as we can see
a significant difference in the low-fear conditions. Results showed
that the stress ratings in the high-fear condition were independent of
the congruence manipulation. In the high-fear conditions, the fear
seemed to overshadow the incongruence. The participants’ mental
capacities seem to be fully utilized by the fear that they no longer
perceive the incongruencies caused by the object behavior. This
shows us that slight incongruities should not influence the success
of VRET.

Considering Lin’s results, our findings are surprising. However,
there are clear differences between their work and ours. While they
directly compared Psi to PI elements, we focused on plausibility
alone. Their Psi elements would be on the cognitive level of the
CaP model and the PI elements on the perceptual level. However,
previous work has shown that the lower perceptual layer should
have a stronger effect [5]. They also dealt with a different kind of
fear. While we used a specific anxiety, namely fear of heights, they
used a broader fear triggered by a horror game. However, we can
confirm the results of Briibach et al. [5, 6]. The manipulation of
fear is on the lower perceptual layer of the CaP model. According
to previous results, the perceptual layer has a stronger influence on
the perceived plausibility than the cognitive congruence manipula-
tion. This was also confirmed in our study, further strengthening
the assumptions of the CaP model. This insight should be kept in
mind when designing VRET. Incongruencies on the cognitive level,
which do not prevent participants from fulfilling their task, appear
to have a minor influence on the fear response. However, it can be
assumed that incongruences from the perceptual level could have an
influence. A greater focus should, therefore, be placed on avoiding
incongruencies.

5.1 Limitations and Future Work

As discussed, there is a significant effect in the NASA-TLX in Ex-
periment 1. This may partly be because sorting floating bottles is

harder than sorting bottles with normal behavior. We were able to
eliminate this effect in Experiment 2. We also changed the envi-
ronment to get rid of any incongruencies it caused. Overall, there
were quite a few changes between the two experiments. In the fu-
ture, testing different incongruencies within the same environment
would be very interesting. This could give better insights into which
effect the strength of a congruence manipulation has.

The perceived plausibility questionnaire has not yet been fully
validated. Additionally, we changed the wording of some of the
questions compared to the original questionnaire. While it seems
sensitive to congruence manipulations [5, 6, 36], it would be bene-
ficial to validate this questionnaire further.

In the first study, we did not examine the role that presence could
have played. In the second experiment, we found that the feeling of
presence differs between the conditions.

Additionally, a larger sample size would be beneficial for the re-
sults to be more valid. In the future, looking at other congruence
manipulations would also be useful. We used the behavior of ob-
jects with which participants interacted. While it makes sense to
use a conspicuous manipulation for an initial study, it would be
useful to manipulate more subtle aspects, such as the environment.
Investigating other layers of the CaP model in the future would be
especially interesting.

Another limiting factor is the composition of the sample. Two-
thirds of the participants were female. A diverse sample would be
desirable for future work.

6 CONCLUSION

With the rise of the use of VRET, it is necessary to understand the
factors that influence these applications better. Previous research
focused on the connection and causality between presence and fear,
using immersion to manipulate PI and overall presence. However,
recent discussions show that the perceived plausibility should not be
neglected. We present two studies that manipulated semantic con-
gruence to influence plausibility and height to influence fear. We
kept the technological aspects consistent between the conditions.
Our results show that the strength of an incongruency determines
whether participants notice them in stress- or fearful situations. If
the incongruence is too subtle or does not hinder the participant
in fulfilling the task, it might be overshadowed by the fear. It is
important to consider such results when designing future therapy
applications. The perceived plausibility and behavior of the VR ap-
plication should be adapted to the patient’s expectations in order
to avoid unwanted anxiety effects. Further research should be con-
ducted in this area, especially with the strength of the congruence
manipulations in mind. This is the only way to maximize patient
safety and the success of the therapy.
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