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Breaking Plausibility Without Breaking Presence - Evidence For
The Multi-Layer Nature Of Plausibility
Larissa Brübach ∗ , Franziska Westermeier ∗ , Carolin Wienrich Member, IEEE, and Marc Erich Latoschik Member, IEEE

(a) normal object behavior in the container ship

(b) manipulated object behavior in the spaceship

Fig. 1: Environment of the second experiment showing the participant’s interaction with the circuit breakers in order to fix the ship
after the crash.
Abstract— A novel theoretical model recently introduced coherence and plausibility as the essential conditions of XR experiences,
challenging contemporary presence-oriented concepts. This article reports on two experiments validating this model, which assumes
coherence activation on three layers (cognition, perception, and sensation) as the potential sources leading to a condition of plausibility
and from there to other XR qualia such as presence or body ownership. The experiments introduce and utilize breaks in plausibility (in
analogy to breaks in presence): We induce incoherence on the perceptual and the cognitive layer simultaneously by a simulation of
object behaviors that do not conform to the laws of physics, i.e., gravity. We show that this manipulation breaks plausibility and hence
confirm that it results in the desired effects in the theorized condition space but that the breaks in plausibility did not affect presence. In
addition, we show that a cognitive manipulation by a storyline framing is too weak to successfully counteract the strong bottom-up
inconsistencies. Both results are in line with the predictions of the recently introduced three-layer model of coherence and plausibility,
which incorporates well-known top-down and bottom-up rivalries and its theorized increased independence between plausibility and
presence.
Index Terms—plausibility, coherence, presence, XR, experience, evaluation

1

I NTRODUCTION

“Whoever wants to deceive people must first of all make absurdity plausible.” This quote from Goethe [5] shows that the concept of plausibility
as a key factor for convincing people of something is not new at all. It
also emphasizes the connection of plausibility to something unknown,
hard to conceive, or even paradoxical. In contrast to Goethe’s time,
however, it is not just theater plays and novels trying to convince people
of something imaginary or even let them dive mentally into new worlds.
Today, the technology of augmented, virtual and mixed reality (AR,
VR, and MR, short XR for extended reality) is capable of generating much more holistic experiences, utilizing the stimulation of users’
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sensorimotor and perceptive information processing with egocentric
stimuli mimicking stimuli as experienced from natural sources of the
real world around them.
Today, XR technology is used to realize many meaningful and serious applications. Prominent XR use-cases now encompass education
and training, health and rehabilitation, collaboration and social VR,
entertainment and recreation, and many more. For example, XR applications help people overcome bad habituates [26], recover from
surgery [8], learn remotely [15], exchange interculturally [10], or even
understand Artificial Intelligence [27]. Overall, the XR use-cases comprise some very different goals as well as partly unique requirements.
Still, they all profit from a variety of XR-specific qualities to certain but
potentially different degrees. These specific XR qualities of presence,
body ownership, co-presence, social presence, and plausibility are building the cornerstones of contemporary XR theories [11, 16, 20, 22, 24].
The theories and models about the very nature of XR experiences
are necessary to understand the general modes of action and why XR
applications are so effective for specific use-cases. However, most
models still theorize around the connection and interrelation of important but also high-level constructs and qualia. These often are hard to
operationalize, i.e., broken down into easily manipulable variables and
conditions, as required for a user-centered approach to application improvements and appropriate design guidelines. For example, in the past,
plausibility was often used synonymously to the term of presence [24].
Presence was seen as the overarching factor crucial for an effective
XR experience. Thus, researchers have tried to explain its emergence,
measurement, impact, and interrelation to other concepts in plenty of
models and studies [22, 28, 29], now leading to an overall picture of

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

2268

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 28, NO. 5, MAY 2022

many (sometimes mutually) dependent and correlated factors.
Recent approaches tackle this complexity and try to integrate the
existing body of knowledge of XR experiences into models of less
complexity but still explain the empirical evidence from past research.
Specifically, coherence and plausibility were discussed as important
factors of such models. While Skarbez et al. [20] integrate coherence
as an objective characteristic and plausibility as a subjective quale into
an extended but still presence-oriented model, Latoschik and Wienrich [16] proposed a more radical approach. The latter hypothesizes
coherence as the one defining condition for controlling, shaping, and
predicting an XR experience and its related constructs and qualia. The
model incorporates well-known top-down and bottom-up rivalries by
assuming coherence activation on three layers (sensation, perception,
cognition) as the potential sources leading to a condition of plausibility
and from there to other XR qualia such as presence or body ownership.
However, empirical evidence on the role of coherence and plausibility
for XR experiences are still rare, in terms of coherence incomplete, or
the results are inconsistent [11].
We, therefore, conducted the first empirical evaluation of the newly
proposed model [16] in order to understand the connection between
coherence, plausibility, and presence better and to evaluate the significance of influencing factors. Two experiments utilize breaks in
plausibility (in analogy to breaks in presence) by inducing incoherence
on the perception and cognition layers. The behavior of objects was
manipulated to not adhere to the laws of physics, thereby inducing
incoherence on the perceptional and cognitive layer, while a cognitive
manipulation through framing engenders incoherence on the cognitive layer only. The studies contribute to systematic investigations
on the concepts of plausibility and coherence within the newly proposed model, potentially showing its advantages over existing presence
models.
2

R ELATED W ORK

One of the first presence models that included plausibility as an important factor is from Slater [24]. He postulates that presence is a construct
that results from the two orthogonal factors place illusion (PI) and plausibility illusion (Psi). The PI is described as a perceptual phenomenon
that is directly influenced by immersion and subjectively experienced
by the user testing the limits of sensorimotor contingencies. Immersion
is seen to be the frame within which PI can occur. In this model, the
PI is used in analogy to the term spatial presence, which is seen to
be the feeling of “being there” [17]. As the second factor, Slater [24]
defines Psi as the “credibility of events in comparison with what would
be expected in reality in similar circumstances” [24, p. 3556]. In this
view, presence is defined as “being there plus” – the sense of being in
the virtual world plus the feeling that the events are plausible within
this world [22]. The authors stated that both PI and Psi contribute to
the sense of presence. Violating the Psi should therefore also affect
presence. This division refers to a long debate about influencing factors
leading up to the emergence of presence - (1) bottom-up factors such
as the sensorimotor contingencies or object behavior, and (2) top-down
factors such as the narrative of a virtual experience.
More recently, Skarbez et al. [21] tried to unify different presence
models and terminologies using the model by Slater [24] as the basis.
The Skarbez-model (see figure 2), postulates that in analogy to PI that
arises from immersion (bottom-up or sensorimotor level), Psi arises
from coherence (top-down or cognitive level). They describe coherence
as the “set of reasonable circumstances that can be demonstrated by
the scenario without introducing unreasonable circumstances, where a
reasonable circumstance is a state of affairs in a virtual scenario that
is self-evident given prior knowledge” [21, p. 6]. As an additional
third factor, they introduce the social presence illusion influenced by
the copresence illusion and Psi. Similar to Slater, Skarbez et al. [21]
assume that breaks in plausibility diminish the sense of presence.
Hofer et al. [11] interpret the idea of a sensorimotor (bottom-up)
and cognitive (top-down) distinction differently by understanding the
emergence of presence as a psychological dual-system information
processing approach. In their view, the sense of presence results from
effectively provided sensorimotor contingencies. Thus, presence is
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Fig. 2: Model of relationships between presence concepts proposed by
Skarbez et al. [21].

defined as the output of a fast and automatic information processing
(bottom-up). In terms of the Skarbez-model, this process might refer
to the link of immersion and PI. Hofer et al. [11] further conceptualize
plausibility as a result of a higher-order cognitive process requiring
cognitive resources. This view implies that plausibility impacts the
sense of presence on a central, elaborated, or reflective processing route.
Looking at the Skarbez-model, this process might refer to the link of
coherence and Psi. However, Hofer et al. [11] categorize plausibility
further into two sub-components, internal and external plausibility.
In media and communication research, two constructs correspond
to this categorization which are referred to as internal and external
realism [3, 18].
When reading a narrative, we build a mental model based on the
information presented and our real-world knowledge. External realism
results from a consistency of these two information sources. When
the information from the narrative does not match with our real-world
knowledge anymore, the external plausibility is violated.
As long as this violation is either coherent with the mental model
constructed through the narrative or explained within the narrative,
internal realism or internal plausibility continues. In this context, coherence means that actions, events, and states align within the story.
If something does not align, the narrative can give an explanation to
maintain internal realism. In this case, the mental model is changed to
fit with the explanation [6]. Nonetheless, if the new piece of information is neither coherent nor explained in a way that creates coherence,
the internal plausibility is violated. This disruption leads to a loss of
engagement and consumes more cognitive resources [3, 18].
In other words, judging the internal plausibility starts a reflective
process , which occurs every time a new piece of information needs
to be fitted into the established mental model. Hence, mismatches
or violations of the internal plausibility should cause an increase in
cognitive load.
On the other hand, external plausibility refers to prior real-world
knowledge, intuition, and habituate behavior, which usually is processed automatically without any reflective process [13]. So we can
assume that the judgment of external plausibility is an automated process with low cognitive demand. This expectation is supported by
the results of Hofer et al. [11] which show an effect of the external
plausibility manipulation on the subjective plausibility judgment. The
interaction with cognitive load manipulation was not significant. The
authors conclude that the external plausibility is processed over the
automatic route contradicting their assumption that plausibility, in general, is the result of a higher-order cognitive process only. Instead, the
results give another hint to involved bottom-up and top-down processes
in the emergence of plausibility.
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high-fidelity scenario. The participants’ task included the prioritization
for level-wise upgrades of the four factors. Participants upgraded
their virtual body at first and most often indicating the virtual body
coherence as the most crucial factor for Psi. The physical interaction
coherence depends highly on the actual interaction with the virtual
objects. Participants that did interact with an object prioritized the
physical interaction coherence higher. In contrast to Hofer et al. [11],
the feeling of presence is also affected by the breaks in plausibility
hinting to a more synonymous usage of those constructs as proposed
by Slater [24] and Skarbez et al. [22].
Hofer et al. and Skarbez et al. both manipulated the object’s physical behavior to create breaks in (external) plausibility. Of course, the
design space of breaks in plausibility is vast. Breaking the external plausibility should be induced by a decisive break of our world knowledge
as described above. The manipulations of Hofer et al. [11] or Skarbez
et al. [23] are good examples since we are experiencing the physical
behavior of objects every day. Gravity, for example, is a very strong
prior because of its multi-perceptual nature and omnipresence [12].
Contradicting this knowledge should have strong effects on the evaluation of plausibility, as it was shown by Hofer et al. [11] and Skarbez
et al. [23]. In contrast, internal plausibility violations should have less
impact since they contradict at the cognitive level only. Sensorial and
perceptional cues could simultaneously indicate plausibility. However,
breaking the internal plausibility in virtual reality is less researched yet.
In sum, coherence and plausibility are core concepts for evaluating
XR experiences. Different conceptional approaches have conceptional
overlaps and discrepancies, particularly regarding the bond strength
between plausibility and presence or the level (bottom-up vs. topdown) of influencing factors on plausibility. In comparison to the large
corpus of research related to presence, empirical studies investigating
the concepts of coherence or plausibility are rare and brought mixed
results [11].
3

A PPROACH
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More recently, Latoschik and Wienrich [16] proposed a new model
combining the ideas of coherence, bottom-up and top-down processing, and internal and external plausibility. In contrast to the discussed
presence models, they assume “plausibility as a state or condition during an XR experience that subjectively results from the — potentially
unconscious — processing and evaluation of any information from the
sensory, perceptual, and cognitive layers” [16, p. 6]. Hence, plausibility is conceptualized as a quale which is “defined as a subjective and
internal feeling elicited by sense perceptions [22, p. 3]. These sense
perceptions can be evoked by real world experiences or illusions. However, the nature of the sense perception is irrelevant for the quale itself.
Moreover, plausibility and coherence become the central components.
Plausibility is conceptualized independently from presence, leading to
the assumption that breaks in plausibility must not lead up to breaks in
presence.
Latoschik and Wienrich [16] postulate an interplay between two
bottom-up layers (i.e., sensation and perception) and one top-down
layer (i.e., cognition). The bottom-up layers entail, loosely speaking,
our world knowledge which is well learned. Since humans are heavily
adapted to it and experience it at the sensorial, perceptional, and cognitive level every day, it is fair to assume that a manipulation in one
of the bottom-up layers will impact upwards and, therefore, affect the
higher layers. In other words, sensational or perceptual changes in our
environment also trigger higher-order processes. Consequently, contradicting this knowledge should have strong effects on the evaluation
of plausibility. In contrast, manipulations in the top-down layer should
impact this layer only. Violations should have less impact since they
contradict within the cognitive level, while sensorial and perceptional
cues could still indicate a high degree of plausibility.
Internal and external plausibility as described by Hofer et al. [11]
were not introduced in the model of Latoschik and Wienrich [16] since
plausibility is seen as a quale and not as an illusion. However, the
bottom-up layers might refer to the external plausibility, while the
cognitive layer might be linked to the internal plausibility, although
both can be processed via the automatic and the reflective route. Again,
that would mean that plausibility is manipulable by bottom-up and
top-down incoherencies, which contradicts the assumption of Hofer et
al. [11] that plausibility results from top-down processes only.
Investigating assumptions about plausibility empirically resembles
challenges occurring in studies examining presence, i.e., finding appropriate measurable indicators for the latent construct. Inducing “Breaks
in Presence” is one established approach to systematically investigate
the occurrence of presence. Similarly, “Breaks in Plausibility” might be
an appropriate approach to investigate assumptions about plausibility.
Hofer et al. [11] researched which effect those plausibility violations
have on the sense of plausibility and spatial presence with a 2x2x2 between factors design. The factors were two levels of immersion (display
and HMD), two levels of cognitive load (none and high by remembering a nine-digit number), and two levels of plausibility (plausible and
implausible). Breaks in plausibility originated when the object behavior
or the environment were alienated from what participants would expect.
A manipulation check was conducted to ensure that the implausible
condition had a lower external plausibility using questions like “The
rooms I walked through are very similar to rooms in real life”, “The
environment shows rooms that are like real rooms” or “If I were to
go to a real room I would not expect it to be like the rooms I just
explored”. As a result, Hofer et al. [11] stated that spatial presence and
plausibility are two separate, orthogonal concepts. These conclusions
are based on their findings that the plausibility factor did not affect the
spatial presence rating of the participants even though the check was
successful. These results contribute to the idea that plausibility and
presence are different qualia, and manipulations of plausibility must
not have an effect on presence [16].
Skarbez et al. [23] examined how the participants prioritize different
coherence factors. Four coherence factors were defined: virtual human
behavior (VH), virtual body (VB), physical interaction (P) and scenario
(S). They exposed participants to an ultimate plausible virtual scenario.
Subsequently, the participants were placed in a downgraded version
of the virtual scenario, e.g., simple geometric models instead of a
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Fig. 3: New theoretical model by Latoschik and Wienrich [16] including
the research questions and manipulations of this article.
Latoschik and Wienrich [16] proposed a model focusing on the
relation between coherence, plausibility, and XR-related qualia such
as presence. They suggested three levels of the manipulation space,
allowing for systematic prediction and empirical testing of the resulting
coherence and plausibility conditions. The present studies are the
first experimental realization of testing the assumption of this new XR
experience model.
Similar to presence research [25], we introduce breaks in plausibility
on the bottom-up layer (perception) and the top-down layer (cognition).
We examine the validity of the model from Latoschik and Wienrich [16]
by answering three research questions
• RQ1: Does the manipulation of the bottom-up layer (perception,
object behavior) affects the sense of plausibility?
• RQ2: Can a manipulation of the top-down layer (cognition, narrative) counteract the break in plausibility engendered by the
perceptional layer?
• RQ3: Do breaks in plausibility have an effect on presence?
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RQ1 looks at the impact the manipulation space has on the condition
space. We manipulate the perceptual layer and thus also influence the
cognitive layer by violating the gravity of objects in the virtual environment. The objects will either adhere to gravity and fall or float around
with a random direction and acceleration. In the following, this will
be referred to as object behavior or the perceptual manipulation. We
decided to manipulate gravity as it is an important prior for orientation
and estimation of space and time [12]. People are very habituated to
gravity, and it is relevant for their interactions with the environment.
Therefore, it is very likely that people will (automatically) notice the
manipulated object behavior. We expect this manipulation to cause a
strong break in plausibility.
RQ2 investigates if an additional cognitive manipulation can make
up for the effects the manipulation of the perceptual layer has on the
cognitive layer. If RQ1 can be seen as successful, e.g., the participants
notice the break in plausibility, we further want to investigate if an
explanation of the manipulated object behavior through the cognition
layer will change the break in plausibility. Textual, and in experiment 2
additional visual, framing is used to achieve this. The participants will
be told a story that explains the manipulated object behavior. This will
be referred to as framing or cognitive manipulation. As assumed above,
we expect a weaker effect on plausibility compared to the bottom-up
manipulation of object behavior. However, we also expect an interaction
effect showing higher plausibility values when the framing corresponds
to the object behavior.
RQ3 focuses on the influence different breaks in plausibility in the
condition space have on the qualia space. Assuming that we were
able to create these plausibility breaks that the participants notice , we
want to examine their effects on presence. Following the model of
Latoschik and Wienrich [16], presence is a quale that is influenced
by plausibility to a certain extent, but not necessarily. In contrast,
Slater [24] and Skarbez et al. [22] would assume a similar effect on the
sense of presence than on the sense of plausibility.
4 F IRST E XPERIMENT
4.1 Method
4.1.1 Participants
Forty students (11 male) participated in our study with a mean age of
M = 22.33 (sd = 1.79) ranging from 18 to 26 years. The students had
a gaming usage of M = 1.0125 (sd = 1.73) hours per day. They used a
computer M = 5.56 (sd = 2.67) hours a day on average. They watched
TV for M = 0.74 (sd = 0.95) hours and used streaming services for
M = 1.59 (sd = 0.97) hours per day. Most participants (N = 13) rated
their fiction movie consumption between two and five hours per month.
Half of the participants had VR experience ranging from one to three
hours, seven participants had less VR experience, of which three had
never experienced VR before. Twenty-one participants have already
used VR one to three times before.
4.1.2 Material
The system ran on a high-end, VR-capable PC composed of an Intel
Core i7-9700K, an Nvidia Geforce RTX2080 Super, and 16GB RAM.
As a high immersive VR display system, we used an HTC Vive Pro
HMD [1], providing the user a resolution of 1440×1600 pixels per eye
with a total field of view of 110 degrees running on a refresh rate of
90 Hz. The application was developed using Unity 2020.3.5f1 and the
Steam VR Plugin for Unity v2.7.3 (SDK 1.14.15).
Variables We measure presence with the Igroup Presence Questionnaire(IPQ, [19]) after each VR exposure. The items of this questionnaire are divided into the three subscales spatial presence, involvement,
and experienced realism. The tendency of immersion of the participants
in the first place is evaluated by the Immersive Tendencies Questionnaire (ITQ, [29]), including an overall score and the subscales focus,
involvement, and games. To avoid confounds caused by simulator
sickness, we ask participants to answer the Simulator Sickness Questionnaire (SSQ, [14]) before and after each VR exposure. It contains
three subscales: nausea, oculomotor, and disorientation. To get an
insight on the mental and physical workload demand, the participants
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question
I am used to objects behaving this way.
In everyday life, I expect objects to behave this way.
I have seen objects behave this way in real life.
The behavior of objects is unusual for me. 1
I do not know the behavior of objects from real life. 1
I had a prior expectation of how the objects would
behave.
I expected the behavior of the objects.
I have seen this object behavior in movies, games
etc. before.
I was surprised by the behavior of the objects. 1
I had no idea that the objects will behave this way. 1
The behavior of the objects matched the scenario. 2
The behavior of the objects made sense.
I think this behavior of the objects is impossible. 1
In which scenario did the objects seem more plausible to you? 3

1 Question is inverted.

2 Question 11 is added in second experiment.

3 Question 14 is only used in the first experiment.

Table 1: Questions regarding the plausibility of object behavior.
were asked to answer the NASA-TLX [9] after each VR condition. The
NASA-TLX provides an overall workload score based on six subscales:
mental demand, physical demand, temporal demand, own performance,
effort, and frustration. Additionally, we measured the time needed to
complete each VR condition.
Plausibility of Object Behavior Similar to the definition from
Hofer et al. [11] of external and internal plausibility, we distinguish
between the consistency with the expectations derived from the realworld experience and the consistency with expectations derived from
the internal story or what we call framing (on the cognitive level). We
came up with questions inspired by the manipulation check from Hofer
et al. [11]. Five questions aim to measure the external plausibility (EP).
As Hofer et al. [11] solely examined external plausibility, two more
general questions and five questions targeting the internal plausibility
(IP) were developed. These aim to check for the expectation that was
elicited by the cognitive framing. The 13 questions are rated on a sevenpoint Likert Scale with the endpoints “not agree at all”(1) and “totally
agree”(7). All questions can be seen in table 1. The external and the
internal plausibility question groups showed high internal consistency:
EP: 0.950; IP: 0.852.
Lastly, the participants were asked to decide which scenario they
overall perceived as more plausible.
4.1.3 Design
To answer our research questions, we are using a counterbalanced,
randomized 2x2 mixed subject design. The within-factor is the manipulation on the perceptual layer that contains two conditions, a normal
object behavior and a manipulated object behavior, where cubes are
affected by gravity or floating, respectively. We refer to this factor as
the perceptual manipulation.
Between the participants, we alternate the textual framing on the
cognitive layer. In one condition, participants were given a text that
says they are in weightlessness. Therefore, they would possibly expect
that no gravity would impact the virtual objects. In the control condition, we omitted this text so that participants would have no specific
new expectation towards the object behavior but refer to their world
knowledge. We refer to this factor as the cognitive manipulation.
4.1.4 Procedure
The 40-minutes-experiment (see figure 5) starts with filling out consent forms (including COVID-19 regulations). The participants answer
demographic questions and questions about media usage and VR experience. Then the pre-experimental questionnaires assessing presence
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and simulator sickness are answered. Afterward, the participants read
the instructions, and half of them additionally read the cognitive manipulation given by a textual storyline framing.
In the VR part, the participants’ task is to grab cubes and attach
them to a predefined place (see figure 4). We use small cubes that are
given to the participants by a robotic arm. They are told that these
cubes are part of a broken circuit and need to be placed in the correct
position in order to fix the electricity. Once the robotic arm releases the
cube, it either falls down to the floor or floats with a random direction
and acceleration. We kept the environment as simple as possible to
avoid confounds. Skarbez et al. [23] mentioned that physical coherence
highly depends on the degree of the participants’ interaction. To ensure
that every participant interacts with the objects, we introduced this
interaction task.
When all cubes are correctly attached, the first VR part is over, and
the participants fill out additional questionnaires, including the IPQ,
the set of questions about the plausibility of the object behavior as a
manipulation check, the NASA-TLX, and the SSQ. The participants
reread the instructions and framing text before starting the second VR
part with the other within-condition (perceptual manipulation). The
follow-up questionnaires repeat as well. In the last question, we ask
participants in which scenario the objects are more plausible.

no
total
EP
IP
1
2
3
4
5
6
7
8
9
10
12
13

(b) no manipulation in the object behavior

Fig. 4: The experimental environment in which a robotic arm hands
the electric cubes to the participant so that they can be put in the right
place.

Instructions

Consent Forms
Demographic Questionaire
Media Usage
VR Usage

ITQ
SSQ

Framing

Instructions

Framing

(Depending on Condition)

(Depending on Condition)

1st VR exposure
normal / manipulated
behavior

2nd VR exposure
normal / manipulated
behavior

IPQ
Object Plausibility
SSQ
NASA TLX

IPQ
Object Plausibility
SSQ
NASA TLX

Plausibility Decision

Fig. 5: The experiment procedure consisting of pre- and post-questions
as well as two experiment runs.

4.1.5 Hypotheses
Based on the related work, we developed the following hypotheses:
• H1: The manipulation of object behavior on the perceptual layer
leads to a break in plausibility.
• H2: The cognitive manipulation neutralizes the break in plausibility induced by the perceptual manipulation.
• H3: Breaks in plausibility lead to break in presence.

manipulated
behavior
(mean)
2.64
2.1
2.79
1.92
1.80
1.95
2.08
2.77
2.62
2.17
4.28
2.20
2.70
3.33
3.85

F

p
(< .05)

η p2

203.33
138.09
101.65
98.11
107.55
126.86
112.19
44.11
22.71
96.53
14.96
153.25
43.62
76.64
44.40

< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001

.843
.784
.728
.721
.739
.770
.747
.537
.374
.718
.282
.801
.534
.669
.539

Table 2: Significant results from plausibility questions regarding the
perceptual manipulation in the first experiment.

4.2

(a) manipulated object behavior

normal
behavior
(mean)
5.45
5.4
5.2
5.33
5.15
5.38
5.60
5.55
4.30
5.05
5.47
5.75
5.42
6.12
6.30

Results

We evaluated our independent variables using a repeated-measures
ANOVA with cognitive manipulation as the between factor and the
perceptual manipulation as the repeated measures factor. The alphalevel was set to 0.05 for significant results.
In line with expectations, the questions about the plausibility of
object behavior were found significant for all questions and question
groups and total within the perceptual manipulation factor (see table 2).
Therefore, these questions can be seen as a valid manipulation check
on the perceptual layer. The question group aiming for the external
plausibility with F(1, 38) = 138.09, p < .001, η p2 = .784 had the means
M = 5.4 for the normal object behavior condition and M = 2.11 for the
manipulated object behavior condition. The question group aiming for
the internal plausibility had an F(1, 38) = 101.65, p < .001, η p2 = .728
and means M = 5.20 for normal object behavior and M = 2.80 for
manipulated object behavior. The total score of plausibility (F(1, 38) =
203.33, p < .001, η p2 = .843) had mean values M = 5.45 for normal
object behavior and M = 2.64 for manipulated object behavior. Contrary to expectations, no significance was found for either the cognitive
manipulation or the interaction between cognitive and perceptual manipulation. We asked the participants to decide which scenario was
more plausible for them, and 39 out of 40 chose the scenario with
normal object behavior, regardless of the cognitive manipulation in
advance.
The evaluation of presence ratings revealed significances in the IPQ
subscales for experienced realism and involvement. The experienced
realism became significant with F(1, 38) = 5.28, p = .03, η p2 = .122
within the cognitive manipulation factor. Comparing the means for
both conditions showed that with M = 3.95, the cognitive manipulation reached higher values than the omitted cognitive manipulation
(M = 3.41). The involvement had a significance of F(1, 38) = 5.94, p =
.02, η p2 = .135 in the perceptual manipulation factor. The involvement with manipulated object behavior had a mean value of M = 4.88
whereas the mean of the involvement with normal object behavior
was M = 4.38. We could not find any interaction effect between the
cognitive and perceptual manipulation. The mean values for the total
score were 4.29 (normal behavior × no framing), 4.69 (normal behavior × framing), 4.53 (manipulated behavior × no framing), and 4.70
(manipulated behavior × framing) with a maximum score of 7.
Besides those two main questionnaires, SSQ-data was collected.
The evaluation of the SSQ revealed a significant discrepancy in
the nausea (F(1, 38) = 4.45, p = .04, η p2 = .105) and the oculomotor (F(1, 38) = 9.44, p < .001, η p2 = .199) subscale and total score
(F(1, 38) = 6.64, p = .01, η p2 = .149) between the normal and the manipulated object behavior. While the means in the normal behavior
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condition decreased with regard to a pre-measure (nausea M = −4.53;
oculomotor M = −5.31; Total M = −2.71), the means in the manipulated behavior condition increased (nausea M = 2.15; oculomotor
M = 3.22; Total M = 2.81).
We measured the time needed for the task completion. Due to technical problems, we did not collect this data from three participants. In the
normal object behavior condition, participants needed approximately
M = 244.50 seconds. In contrast, participants needed an average of
30 seconds more (M = 275.39 seconds) in the manipulated object
behavior condition. This time delta is significant (F(1,35) = 62.72,
p < .001, η p2 = .642).
With the NASA-TLX, we measured the task-load. All items showed
a significance within the object behavior factor. The total score was
significant (F(1, 38) = 108.38, p < .001, η p2 = .740) with a mean of
M = 3.07 for normal object behavior and M = 9.15 for manipulated
object behavior.
4.3 Discussion Experiment 1
Looking at the results, we can accept H1 “The manipulation of object
behavior on the perceptual layer leads to a break in plausibility.”. We
successfully caused a break in the external plausibility on the perceptual
manipulation layer. With regards to the proposed model from Latoschik
and Wienrich [16], we assume that changes of the perceptual layer in
the manipulation space do affect the condition space. Previous studies
concerning unusual object behavior and the effects on plausibility support this assumption as well [11,23]. Similarly, we would have expected
the cognitive manipulation to affect the condition space. However, H2
“The cognitive manipulation neutralizes the break in plausibility induced
by the perceptual manipulation.” must be declined as we did not see a
difference in the manipulation check when the cognitive and perceptual
manipulation were coherent. Almost all participants (39 out of 40)
chose the normal object behavior to be more plausible. Thus, it can
be presumed that the participants did not see the two manipulations as
coherent. We conclude that the manipulation of the perception, and its
influence on the cognitive layer, was much stronger than the cognitive
manipulation, which, therefore, could not neutralize the perceptual
manipulation. H3 “Breaks in plausibility lead to break in presence.”
can partly be accepted as we found a significance in the involvement
subscale concerning the perceptual manipulation. The differences in
interaction times and task load support the theory that participants in
the manipulated object behavior condition had a more intense interaction and therefore, a higher involvement . The cognitive manipulation
was significant in the experienced realism subscale. We assume this
might result from more context participants being given in the framing
condition, and thus, they are more engaged.
5 S ECOND E XPERIMENT
From the results of the first experiment, we drew conclusions for a
second experiment. Two approaches are possible here. We can either (1)
strengthen the cognitive manipulation, or we can (2) alter the perceptual
manipulation by choosing a weaker prior. One concern is that a weaker
prior might not lead to a break in plausibility and thus violate H1.
Therefore, we decide to rather strengthen the cognitive manipulation in
a second experiment.
5.1 Method
5.1.1 Participants
Seventy-six participants (23 male) took part in the second experiment.
We excluded five participants due to technical issues or reaching the
maximum time, leaving 71 participants (21 male) that could be evaluated further. The remaining participants had a mean age of M = 28.73
(sd = 9.31) ranging from 19 to 60 years . Fifty-one participants were
students. The gaming usage of participants was M = 0.63 (sd = 0.93)
hours per day. They used the computer M = 5.37 (sd = 3.34), the TV
M = 0.82 (sd = 1.18) and streaming services M = 1.37 (sd = 1.05)
hours per day. Almost half of the participants (N=35) rated their fiction
movie consumption as less than two hours per month. Forty-three
participants had less than three hours of experience in VR, and 45
participants had used VR less than three times.

5.1.2

Material

The application was set up on a PC with an Intel Core i7-9700K processor with 32GB RAM and an Nvidia Geforce RTX 2070 Super. Again,
the HTC Vive Pro HMD [1] was used as the high immersive VR display, with a resolution of 1440×1600 pixels per eye and a total field of
view of 110 degrees. The application was built with the Unity version
2020.3.5f1 and the Steam VR Plugin for Unity v2.7.3 (SDK 1.14.15).
Variables We adopted the questionnaires from the first experiment
and added a narrative engagement questionnaire [3] to control for the
engaging character across the conditions. We used validated translations to the common language [2], which contains twelve items on
the subscales attentional focus, narrative understanding, emotional
engagement, and narrative presence. For our own set of questions concerning the plausibility of object behavior, we added another question
that aims for internal plausibility (question 11 in table 1). Additionally,
the participants can choose from a list of which scenario components
were plausible and implausible.
5.1.3

Design

We use a counterbalanced 2x2 between-subject design. Like in the
first experiment, the two factors are the cognitive and the perceptual
manipulation. Again, the perceptual manipulation is done through the
object behavior, and the cognitive manipulation is the combination of
textual and visual framing.
The framing story was lengthened to a logbook text. It is written in
first-person perspective and describes feelings and personal observations from an engineer working on a ship. Depending on the condition,
the story either mentions a spaceship or a container ship. We included
emotional and empathy-evoking language to create a high involvement
and identification with the engineer [4, 7].
Second, as it can be seen in the figure 3, we added a visual component
to the framing. I.e., the environment was no longer a minimalistic
setting but rather a more realistic-looking ship. The outside was set
to either show a galaxy or water with waves and a stormy sky. The
plain cubes were replaced by real breakers and a circuit box. The new
environments can be seen in figure 1.
5.1.4

Procedure

The second experiment takes approximately 30 minutes. Like in the first
experiment, we ask for consent (including the COVID-19 regulations)
and let participants fill out the demographic questionnaire. We ask about
media usage, the ITQ, and SSQ. In contrast to the first experiment, we
do not instruct the participants about their specific tasks in advance.
The participants read the textual storyline framing and start the VR
exposure afterward.
The VR part follows a certain narrative storyline that affiliates with
the previously read story. During the VR exposure, the instructions are
given to the participants via audio files. Participants first complete a
short tutorial that is covered as part of the story. In this tutorial, they
get to know the environment and the interaction techniques needed for
the task. Afterward, participants are told to watch a monitor. After 50
seconds, a crash happens that leads the story on and explains why the
power supply of the ship needs to be repaired. When the participants
receive the spaceship story, an additional alert says that the gravity
module is down. All participants are told via audio instructions to
repair the power supply. Their task is to put the circuit breakers into
the circuit boxes to restore the power.
While the power supply is not working, the circuit breakers move
depending on the perceptual manipulation condition. They either fall
down or float around. After the participants successfully put all breakers
back into the right circuit boxes, they are told that the power supply
is working again and, if applicable, that the gravity module is up
and running again. The VR exposure ends, and another block of
questionnaires follows.
The second block of questionnaires includes the IPQ, the plausibility of object behavior manipulation check (see table 1), the narrative
engagement, the NASA-TLX, the SSQ, and a list to choose which
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• H1: The manipulation of object behavior on the perceptual layer
leads to a break in plausibility.

6

6

4

4

plausibility

5.1.5 Hypotheses
We formulated the following hypotheses for our second experiment as
follow-up from our first study:

plausibility

scenario components were plausible or implausible, as well as a free
text field for comments.

2

2

• H2.1: A combination of textual and visual framing on the cognitive layer can neutralize the break in plausibility and create an
internal plausibility.
• H3.1: Perceived coherence between the cognitive and perceptual
manipulation has an effect on presence.
5.2 Results
To evaluate our independent variables, we conducted ANOVA calculations again. We adopted the manipulation check about the plausibility of object behavior from the first experiment. We found significant values for the overall score in the perceptual manipulation space
(F(1, 67) = 16.17, p < .001, η p2 = .194) with means of M = 4.69 for
the normal object behavior and M = 3.79 for the manipulated object
behavior. In the external plausibility question group, significance was
measured (F(1, 67) = 15.10, p < .001, η p2 = .184) in the perceptual
manipulation dimension with means M = 4.12 for normal behavior and
M = 3.02 for manipulated object behavior. The internal plausibility
was significant (F(1, 67) = 13.50, p < .001, η p2 = .168) with means of
M = 5.03 for normal behavior and M = 4.13 for manipulated object
behavior. A majority of the individual questions was significant (see
table 3) in the perceptual manipulation dimension. We furthermore
found some slight significances in the interaction of question 11 and
12 (see figure 6). Question 11, “The behavior of the objects matched
the scenario.” (F(1, 67) = 3.58, p = .063, η p2 = .051) had mean values
in the container ship scenario of M = 5.82 for normal object behavior
and M = 5.06 for manipulated object behavior. Respectively, in the
spaceship scenario the normal object behavior had a mean M = 5.61
and the manipulated behavior had a mean of M = 5.94 (see figure
6 (a)). For question 12, “The behavior of the objects made sense.”
(F(1, 67) = 3.90, p = .053, η p2 = .055) we measured mean values in
the container ship scenario of M = 5.12 for normal object behavior
and M = 4.28 for manipulated object behavior. Respectively, in the
spaceship scenario the normal object behavior had a mean M = 4.67
and the manipulated behavior had a mean of M = 5.22 (see figure 6
(b)).The medium effect sizes underline the assumption that a larger
sample of participants potentially leads to a significance. Again, the
external and the internal plausibility question groups showed high
internal consistency: EP: 0.799; IP: 0.743.
We asked participants to mark components of the scenario that they
would evaluate as plausible and implausible. From these components,
the plausibility of the transition from the textual logbook to the visual
components of the scenario was significant within the perceptual manipulation factor (F(1, 67) = 4.57, p = .036, η p2 = .064) with means
of M = 0.742 for the normal object behavior and M = 0.50 for the
manipulated object behavior. In the cognitive manipulation dimension,
participants chose physics as an implausible component significantly
more often (F(1, 67) = 4.42, p = .039, η p2 = .062) in the container ship
framing (M = 0.513) than in the spaceship framing (M = 0.278).
In contrast to experiment 1, the IPQ scores did not show any significance. However, the total scores for the conditions were high (normal
behavior × container ship = 4.98, normal behavior × space ship = 5.28,
manipulated behavior × container ship = 4.97, manipulated behavior
× space ship = 4.88 with a maximum score of 7).
We could not find significant differences in the narrative engagement
scores within the conditions. However, the means across all condition
combinations were relatively high (normal behavior × container ship =
5.14, normal behavior × space ship = 5.20, manipulated behavior ×

normal

framing

manipulated

normal

behavior

containership

spaceship

framing

(a) question 11

manipulated

behavior

containership

spaceship

(b) question 12

Fig. 6: Plausibility questions 11 and 12 indicating a slight interaction
effect of the object behavior and framing.
no
total
EP
IP
1
2
3
4
5
6
7
8
9
10
11
12
13

normal
behavior
(mean)
4.69
4.12
5.03
3.94
3.80
3.71
4.92
4.24
4.84
4.56
5.04
5.19
-

manipulated
behavior
(mean)
3.79
3.02
4.13
2.86
2.78
2.75
3.39
3.31
3.56
3.58
3.72
3.89
-

F

p
(< .05)

η p2

16.17
15.10
13.50
7.44
7.24
6.22
14.17
4.28
9.80
7.30
13.00
14.34
-

< .001
< .001
< .001
.008
.009
.015
< .001
.042
.003
.009
< .001
< .001
-

.194
.184
.168
.100
.098
.085
.175
.060
.128
.098
.163
.176
-

Table 3: Significant results from plausibility questions regarding the
object behavior of experiment 2.
container ship = 4.96, manipulated behavior × space ship = 4.87 with
a maximum score of 7).
Again, the overall NASA-TLX score was significant in the perceptual manipulation dimension (F(1, 67) = 10.70, p = .002, η p2 = .138;
mean for normal object behavior M = 5.57 mean for manipulated object
behavior M = 8.24) as well as in an interaction between perceptual and
cognitive manipulation (F(1, 67) = 5.57, p = .019, η p2 = .079). The
container ship condition had a mean task load score of M = 6.70 for
normal object behavior and a mean of M = 7.40 for manipulated object behavior while the spaceship condition had a mean M = 4.44 for
normal and M = 9.06 for the manipulated object behavior.
The total SSQ score, which was calculated by the delta between
the ratings before and after the VR exposure, resulted in a significant
interaction effect (F(1, 67) = 4.33, p = .041, η p2 = .061). The container
ship condition had a mean SSQ score of M = −0.88 for the normal
object behavior and a mean of M = −5.40 for the manipulated object
behavior, while the spaceship condition had a mean M = −4.36 for the
normal and M = 5.40 for the manipulated object behavior.
For the time measurement, we could only evaluate 52 of 71 participants due to technical issues. Similar to experiment 1, participants
needed significantly longer (F(1, 48) = 43.84, p < .001, η p2 = .477)
for the task completion when the object behavior was manipulated
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Discussion Experiment 2

In line with experiment 1, H1 “The manipulation of object behavior on
the perceptual layer leads to a break in plausibility.” can be accepted.
The perceptual manipulation can be seen as successful since the overall
score of the plausibility questions was significant between the groups.
However, the expected effect of the cognitive manipulation remained
absent. Thus, H2.1 “A combination of textual and visual framing
on the cognitive layer can neutralize the break in plausibility and
create an internal plausibility.” has to be declined as well as H2. The
distance between the mean values, however, is no longer as great as
in the first experiment. In contrast to the first experiment, the breaks
in plausibility did not affect presence. H3.1 “Perceived coherence
between the cognitive and perceptual manipulation has an effect on
presence.” can neither be declined nor accepted as the participants did
not perceive the coherence between the two manipulations. Thus, the
prerequisite for this hypothesis was not satisfied.
Further details and an in-depth comparison between the two experiments will be shown in the overall discussion part.
6

D ISCUSSION

Our first hypothesis, H1 “The manipulation of object behavior on the
perceptual layer leads to a break in plausibility.” can be accepted.
Participants rated the scenario where objects were adhering to gravity as more plausible regardless of whether they received a cognitive
manipulation through framing beforehand or not. As Jörges and LópezMoliner [12] pointed out, gravity is a very strong prior that we experience our whole life, and it can hardly be not experienced (except for
parabolic flight or space excursions). It is an important factor in our
everyday life, e.g., to estimate and anticipate an object’s position and
behavior, and we automatically notice if something is wrong as it is
a bottom-up factor. Therefore, we assume that bottom-up factors are
capable of causing breaks in plausibility. Regarding the newly proposed
model by Latoschik and Wienrich [16], we can support the assumption
that changes of the perceptual layer in the manipulation space affect
the condition space, i.e., the coherence and plausibility, which confirms the correct direction of causality in the model. The results are
also in line with previous studies investigating unusual object behavior
on plausibility [11, 23]. However, they contradict the assumption of
Hofer et al. [11] that plausibility is generally the exclusive result of a
higher-order cognitive process. Instead, the results give another hint to
involved bottom-up and top-down processes in the emergence of plausibility. The results from experiment 2 further support these assumptions
and the acceptance of H1.
Equally, we would have expected that the cognitive layer in the
manipulation space (top-down factor) has an effect on the condition
space resulting in internal plausibility. However, H2 “The cognitive
manipulation neutralizes the break in plausibility induced by the perceptual manipulation.” must be declined as almost all participants (39
out of 40) chose the normal object behavior to be more plausible in
experiment 1. When we transfer the results into the new model, we
assume that the perceptual manipulation has consequences on the perceptual and cognitive layer. If we additionally manipulate the cognitive
layer, there is a conflict inside the cognitive layer. Since the perceptual manipulation of the object behavior is bottom-up, the cognitive
framing manipulation, as a top-down factor, has a limited effect. These
findings indicate that bottom-up factors that cause breaks in plausibility
are too strong to be counteracted by top-down factors. Alternatively,
the top-down factor in this experiment might have been designed too
weakly compared to the bottom-up factor since the framing consisted
solely of a not very detailed, written text. Also, the VR application
was kept minimal to avoid possible confounds between the framing and
no-framing condition and thus, had little relation to the story.
To address these issues, a second experiment was conducted. This
time, the distinction in the cognitive manipulation was between two
different framing stories and not between no-framing and framing.

7

6

6

plausibility total

5.3

Additionally, the stories had a visible connection to the design of the
virtual environment and extended into the task. We kept the stories
similar to avoid confoundsand controlled this by requesting the narrative engagement. The narrative engagement scores did not show
significant differences, and the mean values were relatively high in all
conditions indicating an equally engaging character of both framing
stories. However, H2.1 “A combination of textual and visual framing on the cognitive layer can neutralize the break in plausibility and
create an internal plausibility.” has to be declined as well. Looking
at the model [16], we assume that the three manipulation layers have
different influences on the condition space. It strengthens our previous
assumption that the bottom-up factors have more impact on the condition space than top-down factors considering that the bottom-up layers
affect higher-order processes. This makes it harder for top-down factors
to counteract their effects. The plausibility ratings were less significant
in the second experiment compared to the first experiment (see figure
7). We found a slight interaction effect in the second experiment in
some individual questions, which lets us assume that the cognitive
manipulation was stronger in the second experiment than in the first experiment. This could have an overall effect on the plausibility, causing
the less extreme ratings. The study design could be another explanation.
In the first experiment, participants were exposed to both perceptual
manipulations consequently, allowing to compare the two conditions
directly. The plausibility ratings of the second exposure could have
been influenced by the knowledge of the first exposure, leading to a
bigger gap in the ratings. In our second experiment, we used between
conditions giving the participants no anchor for comparison.

plausibility total

(M = 447 seconds; normal behavior: M = 241 seconds).
The free comment field did not lead to any further interesting findings.

4

5

4

3

2

2
normal

framing

manipulated

normal

behavior

no framing

(a) experiment 1

framing

framing

manipulated

behavior

containership

spaceship

(b) experiment 2

Fig. 7: Plausibility total scores from both experiments which have
converged between the behavior conditions in the second experiment.
H3 “Breaks in plausibility lead to break in presence.” provides information about the transition from the condition space to the qualia space
in the proposed model. In experiment 1, it could partly be accepted.
The subscale involvement of the IPQ was significant. This might result
from a higher amount of interaction in the manipulated object behavior
condition, which is supported by Skarbez et al. [23] who found that
higher interaction leads to a higher presence. The higher interaction can
be substantiated by the high values of the NASA-TLX and the longer
time needed to fulfill the task. We further found a significance in the
IPQ subscale experienced realism for the cognitive manipulation factor.
We suspect that this significance results from the different cognitive
manipulations we used. In one condition, we provided a short textual
framing that might have arisen an engaged feeling . In the other condition, we omitted this short text, so participants had no prior expectation
and thus, potentially felt a lower engagement. We wanted to rule out
the possibility that the effect was caused by a difference in narrative
engagement, so we controlled for this factor in the second experiment.
However, we did expect that a stronger framing would have a more
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substantial effect on the cognitive layer, and therefore, cause internal
plausibility. This should have led to more significant results and revealed an interaction effect between the cognitive manipulation and the
perceptual manipulation’s effects on the cognitive layer.
Consequently, for the second experiment, we altered the hypothesis
to H3.1 “Perceived coherence between the cognitive and perceptual
manipulation has an effect on presence.”. For testing this hypothesis,
coherence between the cognitive and perceptual manipulation has to be
given. As we already discussed in H2 and H2.1, an internal plausibility
could not be established, so we do not fulfill this requirement. Hence,
this hypothesis can neither be accepted nor declined. In the second
experiment, the participants rated the manipulated object behavior as
significantly more implausible than the normal object behavior. As
stated before, we conclude that there is a break in plausibility. In contrast to the first experiment, we did not find any significant values in
the presence measures. Hence we conclude that the break in plausibility did not, in fact, cause the effect in the presence scores that we
observed in the first experiment. In the first experiment, we assume that
the measured involvement was mainly due to the interaction with the
objects. In experiment 2, on the other hand, the involvement was more
likely a combination of the interaction, the story, and the environment
itself which possibly leads to more similar involvement scores between
the conditions. As we did not check for the narrative engagement in
the first experiment, we can only assume that there might have been a
difference in the engagement between receiving framing or not. The
narrative engagement did not show significant results in the second
experiment. Thus, we argue that the significance in the subscale experienced realism of the IPQ in experiment 1 was due to the discrepancy in
narrative engagement.
When we try to fit these results into the model of Skarbez et al. [21],
we come up against our limits. They argue that presence is influenced
by three factors: place illusion, plausibility illusion and social presence
illusion. As the participants did not interact with anyone, the social
presence illusion could not have influenced our presence score. The
environment, technical setup, and interaction possibilities are consistent
between the perceptual manipulation conditions, keeping the immersion
similar. So we do not assume that the place illusion has a different effect
on presence between the conditions leaving the plausibility illusion as
a last remaining influence factor on presence. From the manipulation
check, we can see that we did create a break in plausibility. Following
Skarbez’ model, plausibility illusion is an outcome from coherence and
has, in return, a direct influence on presence. Hence, we would have
expected that a break in plausibility would lead to a lower presence
score, which is not the case. However, they do not explicitly state how
the place illusion and plausibility illusion are quantifiable and if both
factors are mandatory for presence, leaving an explanation gap.
The novel theoretical model by Latoschik and Wienrich [16] postulates a different approach. They propose a three-layer manipulation
space with top-down and bottom-up layers. Bottom-up manipulations,
e.g., through the object behavior on the perceptual layer, always impact
the higher-order layers. Therefore, these cues operate on multiple layers that postulate their influence upwards. The result is a composition
of coherencies that build a weighted activation function defining plausibility. Thus, the plausibility of an XR experience can be influenced
by different combinations in the manipulation space. We successfully
manipulated the perception layer, with impact on the cognitive layer,
which led to an activation function that broke plausibility and did not
include an influence on presence. Nonetheless, with a successful cognitive manipulation, we would get a different activation function and
thus, might have influenced presence. This concern should be subject
to further research.
6.1
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explicitly assessed. The internal consistency of the external and internal
plausibility question group was satisfying, which is promising.
In the first experiment, H3 was declined. However, we did see a
significance in the subscales of the IPQ. We argued that these significances might be due to a difference in interaction with the objects
(subscale involvement) as well as a difference in narrative engagement
between the cognitive manipulation groups (subscale experienced realism). Nonetheless, in the second experiment, we still had a discrepancy
in interaction, overall VR exposure time, and the task load. Moreover,
we did not collect data about the narrative engagement in the first experiment. Hence, these are just speculations and need to be investigated
systematically. The discrepancy in the task load poses another limitation as the significantly higher task load is another confound that needs
to be controlled in future research.
The evaluation of the SSQ revealed significance in both experiments.
However, the means calculated by the change over time are not alarming, as their absolute values are relatively small.
Another concern is the uncertainty of whether the new environments
in experiment 2 brought any confounds. While they were kept similar
between the conditions, they are quite different from the first experiment. Many things happen simultaneously after the crash, and the
participants might have been easily distracted from their task and the
object behavior. A more engaging environment has the potential to
create more confounds.
Moreover, the mainly female and young participant pool could have
affected the results. As there is no empirical evaluation on the correlation between plausibility and gender and age to the best of our
knowledge, a systematical examination would be insightful. Furthermore, it would be interesting to have a more balanced participant pool
to better represent society in the future.
Lastly, this first empirical evaluations only looked at a small part
of the newly proposed model. Even though we can make some assumptions from the results, there is still a lot unknown. For one, future
research should take other qualia into account. Furthermore, the internal relations within the model need to be tested more in-depth for
more reliable assumptions and predictions through the model. One
way would be to vary the kind of manipulations used to influence the
coherence activation. E.g., we could use a weaker prior than gravity or
try and strengthen the cognitive manipulation even further. An additional manipulation of the sensational layer would also be imaginable.
However, this is hard to achieve as neuro-signals cannot be influenced
easily.
7

C ONCLUSION

While the concepts of plausibility and coherence have recently gained
more attention in the XR community, research in this area is still on
thin ground. Latoschik and Wienrich [16] proposed a new theoretical
model that strengthens the role of these concepts in influencing the
overall XR experience. The results of our two studies, which pose the
first empirical evaluations of this model, show that this new model is
capable of explaining the effect plausibility and coherence have on
other qualia that make up the XR experience. We examined whether we
could cause breaks in plausibility and which effects they have on the
sense of presence. Results show that a break of a bottom-up factor in
the manipulation space, i.e., the perceptual layer, could indeed break the
plausibility. However, this did not affect the presence, and we were not
able to counteract this break with a manipulation of the top-down factor,
i.e., the cognitive layer. These results look promising to substantiate
a better understanding of XR experiences and provide a good starting
point for further research of this theoretical model, its internal relations,
and its advantage over existing presence models.

Limitations and Future Work

As discussed before, the questions for the plausibility of the object
behavior have not been validated before. Even though the results for
the external plausibility were significant, we cannot say with certainty
that no internal plausibility was established. These questions should
be validated in a separate process. However, it was the first time that
the internal plausibility component proposed by Hofer et al. [11] was
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