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Abstract: Presence is widely recognized as a key quality metric for immersive virtual reality (IVR)
experiences. However, research on factors contributing to presence is impeded by the plethora of
identified factors, contradictory results, and unclear interactions. Based on the analysis of current
literature, we propose a two-step research methodology combining exploratory and confirmatory
paradigms to address these issues. As existing IVR study tools do not focus on presence and its
determinants, we developed our own tool consisting of two components: an IVR app, based on Unreal
Engine for designing and displaying IVR scenarios, and a browser-based experimenter interface using
Vue js, enabling precise control over presence factors and study procedure. Methodology and study
tool underwent a formative expert evaluation (N=6) and a first practical application within the AgeVR
research project (N=115). Their feasibility has been confirmed by expert feedback, as well as data from
115 successfully completed exploratory studies with participants of various ages. The exploratory
study procedure works for general presence, involvement and plausibility illusion. Measures that will
enable the seamless investigation of the remaining presence subcomponents are proposed. Our next
step is to develop and test hypotheses in the confirmatory studies. The study tool was made publicly
available as an open source project.

Keywords: immersive virtual reality; virtual environment; presence; usability; visual fidelity; reseach
tool; web interface; unreal engine

1. Introduction

Immersive virtual reality (IVR) has emerged as a profoundly relevant technology for a wide
range of user groups, offering immersive experiences and versatile applications that cater to diverse
interests and needs [1-3]. When designing virtual environments, immersion and sense of presence
emerge as key quality metrics from an HCI perspective [3-6], in addition to the established paradigm
of usability. Immersion is defined by Slater and Wilbur as, "the objective degree to which a system
is inclusive!, extensive, surrounding, and vivid?2" [6]. In contrast, presence is a subjective experience,
being generally defined as the feeling of "being there" [7] in an immersive virtual environment (IVE). A
plethora of definitions and operationalization of presence has been developed throughout the last three
decades of research. However, its subcomponents can be broadly grouped into five categories: spatial
[5,8,9], social [5,9], and self-presence [9], as well as involvement [8,10] and plausibility illusion [5,11].
When measuring presence, subjective methods have become the standard approach, offering several
valid and reliable questionnaires (e.g., [8,10,12,13]), while objective methods such as physiological

inclusive is defined as "the extent to which physical reality is shut out", referring to the exclusion of external real-world
stimuli [6].

vivid is defined as "the resolution, fidelity, and variety of energy simulated within a particular modality", referring to the
objective quality of display technology [6].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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and behavioral measures are less established [5,14-16]. Presence enables the measurement of IVEs’
effectiveness across different application contexts [17].

1.1. Motivation

Presence research in IVR is impeded by the abundance of factors that can influence IVR-
experiences. From a human-centered perspective, these presence determinants can either be classified
as internal (dependent on the user) or external (dependent on the system) [18]. The substantial num-
ber of identified factors, contradictory results on their influence and lack of clarity regarding their
interaction [14,18,19] make the development of design guidelines for presence particularly difficult.

In this work we develop a methodology of systematic investigation with the goal to make presence
factors controllable. Internal factors can only be controlled through purposeful recruitment of partici-
pants and rigorous documentation of user characteristics. However, this entails the risk of excluding
certain user groups based on cognitive, perceptive, and motoric abilities. As characteristics of the
IVR system, external factors are the only ones that can be controlled by technological means. When
investigating external factors, confirmatory studies (testing hypotheses) are the de facto standard. Typ-
ically, these studies compare different versions of an IVE, [20-22] or entirely different IVR applications
[23-25] addressing one or several specific presence factors. Studies that utilize exploratory approaches,
which allow for more open investigation of presence determinants, remain scarce (e.g., individual
configurability [26-28]). As mentioned, confirmatory presence studies often lead to contradictory
results (e.g., for factors like display resolution [18], polygon count [29-31], emotion [32,33], VR scenario
[34-36] and age [37-39]). In addition, it is hard to isolate the effect that singular factors may have on
presence, since they often manipulate a conglomerate of factors within their experimental conditions.
A common example is manipulating both display and interaction characteristics in one condition
change [40-45]. This also complicates the identification of dependencies and interactions between
factors.

We argue that a two-stage procedure that combines exploratory and confirmatory approaches is
necessary for a more systematic investigation of presence determinants. The Idea is to (1) establish
empirically grounded hypotheses via exploratory investigation, to then (2) verify/falsify these hy-
potheses by means of comparison. This process is described in detail in section 4. Also, there is a lack
of VR research tools allowing for the conduction of systematic investigations of presence factors as
IVR applications are typically developed for one-time use in a single study (see section 3). Thus, they
have a clear context to be applied in and mostly do not allow for generalizable results. Furthermore,
existing VR research toolboxes do not focus on presence and its determinants [46].

In this work we create a foundation for the conduction of systematic studies on (external) presence
determinants by developing a two-component tool that implements the proposed methodology
(see section 5). The VR tool is designed to (1) enable experimental control over external presence
determinants, (2) guide the experimental process, and (3) facilitate data extraction. Finally, our
developed methodology and VR tool underwent a formative expert evaluation (N =6) and a practical
evaluation via exploratory user studies with N=115 participants in the scope of a research project (see
section 6).

2. Presence Factors in IVR: State of Research

Recent literature and meta-analyses addressing determinants of presence aggregate findings on
both immersive and non-immersive virtual reality settings [3,5,14,18]. Here, four general categories
of presence factors can be identified. These are display fidelity and interaction fidelity [47], as well
as engagement and personal characteristics [14]. To provide an overview of the state of presence
research that focuses exclusively on immersive VR, we identified 118 studies® as part of our own
literature research. Inclusion criteria for studies were the use of immersive VR technology (e.g., CAVE,
HMD) as well as some form of presence measurement (e.g., questionnaires, behavioral measures).

3 Full table available at https:/ /www.imis.uni-luebeck.de/sites /default/files /2021-07 /index.html


https://www.imis.uni-luebeck.de/sites/default/files/2021-07/index.html
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025 d0i:10.20944/preprints202505.0254.v1

30f27

These show that the IVR-focussed state of research largely reflects the four categories of presence
factors. IVR studies typically investigate the combined influence of several factors from the categories
of display fidelity (N=62), interaction fidelity (N=35), engagement (N=16), and user characteristics
(N=24). However, in IVR additional factors arise that do not fit into any of the previous categories. 17
studies considered immersion/inclusiveness (see section 1), by comparing immersive and non-immersive
VR technology (e.g., HMD vs. Desktop, [48]). 13 additional factors were classified as others and were
mostly examined in individual studies. These factors encompass content variables like character
anthropomorphism [49], nested virtual environments [50], realistic anchors [51], and transitional
environments [52], as well as special variables like shared VR experience [53] and indoor/outdoor VR
usage [54].

Out of 118 researched studies, 70 investigate exclusively external presence factors, 16 excusively
internal ones, and 28 investigate both. Research on external presence factors focuses primarily on
visual representation [3,55], with 58 of 118 studies examining the influence of visual representations.
Most visual characteristics of IVR belong to the category of display fidelity. To shed light on the
limitations of the current state of presence research in IVR, namely the unsystematic character of
investigations (multifactorial ambiguity) and contradictory nature of the results, we present display
fidelity as an example for external presence factors. Subsequently, we describe user characteristics as an
example for internal presence factors.

2.1. Display Fidelity

Display fidelity (also stimulus [5] or physical fidelity [3]) is “the objective degree of exactness with
which real-world sensory stimuli are reproduced” by a display system [47]. In general, this definition
includes all sensory impressions (esp. visual, auditory, haptic, olfactory, and gustatory). Previous
VR studies have focused primarily on visual aspects, some studies on auditory aspects, and very few
studies on other modalities [3,55]. A framework of the components of visual display fidelity, based
on the state of research, was developed by Bowman and McMahan [55,56]. This includes (1) field of
view, FOV; (2) field of regard, FOR; (3) screen size; (4) screen resolution; (5) stereoscopy; (6) head-based
rendering; (7) illumination realism; (8) frame rate; and (9) update rate. The focus of this model lies on
technical properties of the used hardware. Design related characteristics of VEs are not considered
(except for illumination realism). Other authors, however, emphasize (7) illumination realism [57,58]
(10) texture realism [57] and (11) environmental details [57,58].

IVR studies examined these aspects in various combinations. Significant increases in presence
were observed when using more realistic illumination [59,60], or more realistic textures and more envi-
ronmental objects [61]. An increase in texture and geometric realism either led to significant increases
[29,30,62,63] or no significant differences [31] in presence. No significant difference could be found
for increased illumination realism in combination with higher texture resolution [64]. An increased
texture realism alone did not lead to a significant difference in presence [65]. Still, texture realism
contributed more to the sense of presence than the possibility of locomotion [66]. In a comparative
evaluation of different VEs, the one with the highest values for illumination realism, texture realism
and environmental details led to the highest sense of presence [23]. So, the enhancement of different
factors within the category of (visual) display fidelity, in most cases, led to an increased sense of
presence. However, most studies show a confounded study design, leading to a lack of factor isolation.

2.2. User Characteristics

User characteristics encompass all presence factors that can be classified as properties, abilities, or
states of the user. This includes personal characteristics, such as Personality, Cognition, Imagination,
Concentration, Knowledge, VR/Game Experience [14]. The relation between various user charac-
tersitics and presence remains widely unclear. For instance, both a positive [38,67], and a negative
correlation [39] between chronological age and presence were identified. Other studies, however,
could not find any significant difference in presence between older and younger subjects [37,68-70].
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Regarding personality traits, extraversion was either found to be positively [71] or negatively
correlated with presence [72,73]. Again others found no such correlation [74]. As an example for
abilities, studies scarcely found spatial imagination to be significantly correlated with presence [72,
73], whereas in the majority of experiments no influence could be observed [33,75-77]. 3D gaming
experience of users was found to have no association with presence [33,72], in other instances it was
negatively associated [78]. Positive associations were found only in behavioral measures [79] or single
questionnaire items [80].

Thus, when it comes to internal presence factors these are often well isolated in the experimental
design. However, studies often have conflicting results and are generally not sufficiently comparable
to explain these.

3. VR Study Tools: State of the Art

Existing VR research toolboxes do not focus on presence and its determinants [46]. In presence
research, IVR applications are typically developed for one-time use in a single study (e.g., [62,81-89]),
limiting their customizability and reusability. Here, experimental conditions are realized either by sev-
eral separate builds* or scenes within the respective engine or alternatively by changing configurations
directly in the engine’s editor. While the former might be resource intensive the latter might introduce
the risk of configuration errors by the experimenter. Game engines, such as the Unity Engine (e.g.,
[22,40,82-92]) and Unreal Engine (e.g., [23,62,81]) are the most widely used development software
for creating such study environments [46]. Others utilize modified [93,94] or unmodified versions
[25,33,95-97] of proprietary VR applications such as videogames. In addition to the previously men-
tioned reusability and customizability issues, this approach might also reduce control over presence
factors. Furthermore, the VR application is usually decoupled from the rest of the experimental process
(e.g., randomization of experimental conditions, tutorials, questionnaires). Therefore, we propose an
external interface for experimenters covering the experimental process by streamlining its steps (see
section 5).

Focusing on tools for the general study of human factors in VR, Woelfel et al. [46] analyzed the
current state of technology. The authors summarized the full range of feature sets that contemporary
tools can provide. Study tools typically only satisfy a certain subset of features, that is beneficial to
their respective application context or research domain. (1) Setup & Control refers to the ability of a
study tool to facilitate experiment planning, customization, and real-time intervention. A tool should
provide process planning before and operator control during the experiment, sample scenes should be
available and customizable. Furthermore remote testing (outside the laboratory) and human or agent-
controlled social agents should be available. (2) Sensing Participants refers to the variety of sensors
provided by VR hardware as a rich source of information (based on informed legal consent) enabling
the development of a responsive virtual environment. This encompasses the recognition of controller-
input, the tracking of head-orientation, body pose, eye gaze, facial features, brain activities and other
biosignals (e.g heart and respiration rate), audio and video recording, as well as the administration of
in-VR questionnaires. (3) Representation of the virtual environment and its entities focuses primarily
on visual realism and interaction possibilities. This comprises representing virtual entities (e.g.,
surrounding objects and agents), as well as real entities (e.g, participants, experimenter, physical
objects) within the VE. (4) Data Handling refers to the reliability, validity, and transparency of data
collection, processing and management by the study tool. This includes the possibility to import, export
and stream data, the automation of analyses (e.g., behavour/emotion recognition), the possibility to
replay and annotate VR scenes, and to share the experimental environment for replication purposes.
(5) Integration addresses the question of how much of the tool’s source code is available open source
and how much is proprietary code of the underlying engines (e.g., Unity, Unreal).

4 standalone software artifacts that can be run on a computer, e.g., .exe-files
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Our goal is to develop a VR tool specifically dedicated to investigating presence factors which,
based on our literature research, does not exist to date. For this purpose, we developed a research
methodology, which is presented in the following paragraph. The development of the modular VR
tool based on this methodology is described in section 5.

4. Research Methodology

As shown by the literature (section 2), the current state of research does not allow for a well-
founded formulation of hypotheses on the relationship between presence and the plethora of internal
and external factors. As a direct deduction from this state and as a basis for our research methodology;,
we propose the following measures for the systematization of presence studies. (M1) Presence factors
should be atomic in their operationalization, as far as possible (e.g., breaking down the factor illumi-
nation realism into illumination intensity, contrast ratio, lighting algorithm, etc.). (M2) The same presence
factors must be investigated analogously in different IVR scenarios, to enhance generalizability and
eliminate one possible source of contradictory results. When it comes to control and manipulation of
presence factors within an experimental setting, we build on the existing classifications by Felton et al.
[18] and Souza et al. [14]. Internal Factors are dependent on the user [18], thus we focus on all abilities,
properties, and states of IVR users with potential relevance for presence. External factors must be
divided into the ones that cannot be controlled by technological means (we call these environmental
factors), and the ones that can (we call these technological factors). Environmental factors include
ambient characteristics, namely real world stimuli and the physical surrounding. Technological fac-
tors include hardware and software characteristics, namely display fidelity, interaction fidelity and
content factors (see Figurel). Our proposed measures in this regard are the following. (M3) external
factors should be controlled by technological means, as far as possible (in our case this refers to
the previously defined "technological factors"). Thus, independent variables should be adjustable via
the study tool used and all other technological factors should be represented via reasonable default
values (derived from the current state of research and capabilities of the technology). External factors
relating to the environment should be regulated within a controlled laboratory setting. (M4) Internal
factors, i.e., user charactersitics should be controlled through rigorous documentation. Purposeful
recruitment by diversifying or narrowing the scope of participant acquisition can help to validify the
subject sample within the study context.

I
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Figure 1. Overview of the proposed research methodology. Included presence factors (left). Exploratory study
for hypothesis formation (middle-left). Confirmatory study for hypothesis testing (middle-right). Anticipated
outcome: design guidelines for presence (right).

Our Methodology prioritizes technological presence factors since (A) they offer the highest degree
of experimental controllability, and (B) they hold the greatest practical relevance for designers of virtual
environments. In later stages, the methodology’s focus could shift toward human or environmental
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factors; for now, these are primarily well-documented and controlled rather than manipulated. Thus,
for our study design we chose a two-stage procedure consisting of an initial exploratory study followed
by a confirmatory study. The exploratory approach is essential to enable the derivation of hypotheses
based on the data obtained. In the subsequent confirmatory study these hypotheses are then tested via
systematic manipulation of these presence factors, examining them in paired comparisons, enabling
the derivation of design guidelines (see Figure 1). This two step procedure is detailed in the following.

4.1. Exploratory Assessment of Preferred Configurations of Presence Factors

An exploratory study design is chosen as the basis for hypothesis formation. We define T =
{t1,...tn } as the set of technological factors, and p as the number of independent variables (IV). Thus,
in the exploratory study we investigate possible combinations ¢; x 5 X ...t, in order to find the optimal
configurations to achieve the highest presence (see Figure 1). Based on the approach by Slater et
al. [27], this optimum is to be determined by the subjects themselves. However, since this task is
potentially complex, especially for subjects unfamiliar with IVR, the configurations will be made by
the experimenter in a guided process similar to subjective refraction”. To identify an appropriate
subset of T to be used as IV in a study, the trade of between comprehensiveness (considering as many
factors as possible) and complexity must be taken into account. In our first practical application of the
methodology, we chose p = 2 as the minimal reproducible example, and conducted two studies with
different pairs of IV (see section 6 and Figure 2). The general procedure of such an exploratory study is
described below.

Figure 2. Instantiation of the proposed research methodology (cf. Figure 1) in the context of the AgeVR research
project: Included presence factors (left), exploratory study (middle-left). Confirmatory study (midle-right) and
derivation of design guidelines (right) are not part of the present evaluation.

Before the IVR experiment, control over presence factors that are not considered as IV must be
ensured. The laboratory environment is set up in order to provide stable conditions in terms of real
world stimuli and physical surroundings. User characteristics with potential relevance for the IV are
assessed via suitable instruments (for an example of how to identify and document user characteristics,
see section 6.2.1). Technological factors that are no IV are set to their respective default values. At
the beginning of the IVR experiment, subjects are introduced to the concept of presence to ensure
correct understanding of this term. Then subjects are informed that they will repeatedly experience
two different versions of an IVE. Each time they will be asked to indicate in which of the two they
feel more present. A short narrative introduction to the respective IVR scenario is given. Subjects
put on the HMD, and the IVR application is started. The experimenter increments one presence
factor at a time, starting at the lowest possible value. The IV ty, ..., are manipulated in randomized

5 From the field of optometry: process to determine, the combination of lenses that provide the best corrected visual acuity

[98].
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order to compensate for sequence effects. For instance, the experimenter might start by presenting
the IVE with t; atlevel 0 vs. level 1, while t,, ...t, stay at their default values. If subjects state that
they feel more present at level 1, the experimenter will increase ¢; presenting level 1 vs. level 2. This
process is repeated until the lower value is preferred or subjects state, that they do not recognize any
differences between variations or if the maximum value is reached. After that, the same configuration
is carried out for £ and all other IV up to t,. Subsequently a refinement step is performed starting
again with #; moving up to t, varying all IV in a smaller range. This is intended to address a possible
interdependence of presence factors that may not have become apparent from the default values.
After this, the configuration is finished and all values are saved. With the resulting configuration, the
subjects must then perform an IVR task involving locomotion in the IVE and interaction with virtual
objects. As a control measure, all presence subcomponents are assessed after [IVR exposure using a
short scale (see Appendix, Table A1) based on established presence questionnaires (e.g., PQ [10], IPQ
[8], SUS [12], MPS [13]).

To enable the derivation of hypotheses for subsequent studies, the resulting individual config-
urations t1 X fp X ...t, are clustered. In the scope of possible hypotheses, all possible cases must be
covered. These are (H1) that clusters found relate to certain user characteristics, indicating a specific
relationship between these user characteristics and the optimal configuration for presence. (H2) that
clusters found are independent of user characteristics, representing different patterns of experiencing
presence. It is also possible that no clusters are found at all, suggesting either (H3) a universal optimal
configuration for presence or that (H4) optimal configurations can only be predicted for each user
individually.

4.2. Confirmatory Study on the Combined Influence of Presence Factors

To test the developed hypotheses, a confirmatory study will be carried out. This study forms the
empirical basis for deriving presence-related design guidelines for IVR Design. Measures to control
environment factors and non-IV technological factors as well as the assessment of user characteristics
will be performed analogous to the previous study.

In this comparative study, presence factors ¢y, ...t, are systematically varied in several conditions,
which are predefined depending on the hypothesis derived from the results of the preceding study.
Thus, the hypothesized optimal configurations Ogjyster (t1, -..tp) for either (H1) each profile of user
characteristics identified by the cluster analyses, or for (H2) each presence experience pattern identified
by the cluster analyses, are tested against each other. Alternatively, the hypnothesized (H3) universal
optimal configuration O,,,; (t1, ...tp) or (H4) optimal configuration for each individual user Oyser (t1, ...tp)
is tested against a certain number of hypothesized suboptimal configurations S;(t1, ...t,) that derivate
strongly from it. In the IVE the same IVR task as in the exploratory study is carried out once for each
experimental condition (randomized order). After each condition presence is recorded in detail via
established presence questionnaires (e.g., PQ [10], IPQ [8], SUS [12], MPS [13]).

The data of the main studies will be examined having the experimental conditions (configurations
of t1,...tp) as within-subject factor, and in the case of H1 or H2 user characteristics or experience patterns
as between-subject factors. The analysis addresses the research question of, how the examined presence
factors differ regarding their effect on presence in IVEs. For this purpose all five subcomponents of
presence, namely spatial, social, and self-presence, involvement, and plausibility illusion (see section
1) will be analyzed via the subscales of PQ [10], IPQ [8], SUS [12], and MPS [13]. This analysis is used
to derive design recommendations for maximizing presence in IVR, which are either aimed at specific
user groups or provide universal solutions.

5. IVR Study Tool Development

To enable the conduction of the planned studies (see section 4), our study tool requires the
following central functionalities: (1) manipulation of IV (technological presence factors), (2) support
of different IVR scenarios, (3) guidance of the experimental process, (4) IVR interaction techniques
for certain tasks and respective tutorials, (5) data formatting and extraction. Furthermore, the system
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needs to be modular and expandable, especially in terms of manipulable IVs. Our tool was developed
in the context of the AgeVR® research project, which focuses on the influence of age-related user
characteristics and visual display fidelity on presence. Accordingly, the four exemplary IV that were
implemented are in the category of visual display fidelity, namely illumination intensity (I), contrast
ratio (C), objects density (O), and texture resolution (T). The proposed study process (see section
4) and an analysis of the state-of-the-art features of industrially produced IVEs form the basis of
our development process. For the industrial state-of-the-art analysis ten contemporary IVR games’
(published 2018-2022) were investigated focusing on visual fidelity and its configurability, but also to
identify industry-standard baselines for auditive and haptic fidelity. Most of the configurable visual
fidelity aspects are covered by the four IV (I, C, O, T), for the remaining aspects like anti-aliasing or
color correction common default values were chosen as baselines. The development process resulted
in two main components: an IVR application and an experimenter interface (see Figure 3), which are
described below. A formative evaluation with six field experts was conducted at the end of the first
iteration (see section 6.1). Based on this feedback, the study system was refined (see section 4.1). Both

8

components of the tool have been made freely available on github.com® as an open source template

that can be used to create custom IVR studies.

Web App VR App
& experimenter controlls | & participant

- displayed on tablet/pc - displays VE on HMD

- controlls VR App - executes changes from

+ guides and supports WebApp

experimental process - offers VR interaction to
participant
« records and exports
study data to PC

FUI’\SI FUHSI exports

PC M

Figure 3. Two component architecture of the developed IVR study tool. The web app (left) servers as an

experimenter interface by controlling the IVR App (right) that displays the VE and enables VR interaction. Both
are executed locally on a laboratory PC (bottom).

5.1. IVR Application

The IVR application is powered by Unreal Engine 5 including the virtualized geometry system
Nanite’. It displays the IVR scenarios with which subjects are presented and can interact during the
experiment. The IVR application listens for instructions provided by the experimenter through the
web interface. These instructions include e.g., manipulating the IV and loading new IVE. The subjects’
data (IV configurations, task completion scores and times) is captured during and exported after the
experiment by the IVR application. Unreal Engine 5 was chosen, because its one of the leading engines

used for IVR research (next to Unity, see section 3), enables high-fidelity graphics and physics, its

https:/ /www.imis.uni-luebeck.de/de/forschung/projekte/agevr

Identified through journalistic articles on the topic of "Best IVR games": Blade and Sorcery, Half-Life: Alyx, Hurbis (Demo),
Kayak VR Mirage, Lone Echo, Meditation VR, Moss, Project Cars 2, Vader Immortal I-1II, VR Walking Simulator

8 IVR application: https://github.com/RBW1999/VR-StudySystem-Template-VE/blob/main/README.md, experimenter
interface: https:/ /github.com/RBW1999/VR-StudySystem-Template-WebApp

https:/ /dev.epicgames.com/documentation/es-mx/unreal-engine/nanite-virtualized-geometry-in-unreal-engine?
application_version=5.3


https://www.imis.uni-luebeck.de/de/forschung/projekte/agevr
https://github.com/RBW1999/VR-StudySystem-Template-VE/blob/main/README.md
https://github.com/RBW1999/VR-StudySystem-Template-WebApp
https://dev.epicgames.com/documentation/es-mx/unreal-engine/nanite-virtualized-geometry-in-unreal-engine?application_version=5.3
https://dev.epicgames.com/documentation/es-mx/unreal-engine/nanite-virtualized-geometry-in-unreal-engine?application_version=5.3
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low-level entry point for novice developers (through constructs such as Blueprints), and its modularity
and expandability.

5.1.1. Base System

To support the creation of adaptable scenarios, a series of systems were implemented using the

Blueprint10

system provided by the Unreal Engine. The manipulation of the IV (which are referred
to as Adaptation Dimensions (AD) within the tool) is handled by the Adaptation Dimension Manager
(ADManager). This is achieved through either direct control of the player camera contrast (C), scaling
the intensity of all light sources (I) in the scene, the execution of console commands to manipulate
the resolution of all textures'! (T) or toggling the visibility of objects in the scene (O). The latter
was implemented by extending the existing Unreal Engine construct of the Actor, creating the so
called Adaptation Dimension Actor (ADActor), which allows the systematic manipulation of this Actor’s
visibility. When an ADACctor is placed in the scene, it is randomly determined at which degree of
the AD (O) it becomes visible. At the maximum degree of O, all ADActors are visible. To address
more complex object compositions, e.g., involving gravity (objects placed on top of each other), the
ADComplexActor was created as an extension to the ADActor. It allows the developer to group multiple
objects together and predetermine a specific order in which the individual objects appear (with the
range of AD (O) degrees still being determined randomly). Figure 4 shows a bookshelf implemented
as a ComplexADActor. In this example, at the AD degree of O = 5 (left) there is only one book visible,
with each degree more books get added, these can lay or lean on previous books (middle), at the degree
of 16 all books are visible (right).

o=

Figure 4. Example of the ADComplexActor Blueprint: A shelf containing multiple books, leaning and lying on each
other. Each screenshot depicts another degree of object density (O).

Another basic functionality is the management of the IVR task. The collective of task related objects
(IaskObjects) gets managed by the TaskManager Blueprint. At its current state the IVR task consists of a
simple search task in which the participants have to move through the IVE and search for and pick
up certain objects. Thereby, the level of presence developed by subjects, is based on an interactive
experience of the IVE. The teleportation-based locomotion and the interaction with TaskObjects, were
implemented using native functions of the Unreal Engine. The completion of (sub)tasks (indivitual
TaskObjects) is assessed automatically by the system. For complex tasks monitored by the experimenter
a checklist template is provided via the interface.

5.1.2. IVR Scenarios

We developed three types of IVE for the study tool: A sample IVE, a tutorial IVE, and several
specific study IVEs. The Sample IVE serves as a template for the creation of new experimental IVE. It
contains sample versions of the ADActor, ComplexADActor, and TaskObject Blueprints, which can be
copied and customized to fit the needs of the specific experiment and/or IVR scenario being depicted.

10 https://dev.epicgames.com/documentation/en-us/unreal-engine/introduction-to-blueprints-visual-scripting-in-unreal-

engine?application_version=>5.0

1 https://developer.arm.com/documentation/102696 /0100 / Texture-mipmapping


https://dev.epicgames.com/documentation/en-us/unreal-engine/introduction-to-blueprints-visual-scripting-in-unreal-engine?application_version=5.0
https://dev.epicgames.com/documentation/en-us/unreal-engine/introduction-to-blueprints-visual-scripting-in-unreal-engine?application_version=5.0
https://developer.arm.com/documentation/102696/0100/Texture-mipmapping
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The Tutorial IVE was designed with the goal of communicating and practicing the study procedure
and relevant IVR interactions. The IVR scene is kept intentionally abstract, having no corresponding
real world scenario. It consists of a walled zone with a few interactive objects (see Figure 5) . The
participant is required to perform three tasks: (1) practice room-scale walking in the IVE, (2) practice
teleportation in the IVE, (3) practice object grabbing and repositioning, (4) learn how the configuration
of IV works in the exploratory study process. When practicing the movement, the participant is asked
to walk or teleport to certain positions marked on the floor. When practicing object interaction, the
participant needs to sort different objects according to their type, by taking them and placing them in
specific containers. Configuring the IV is learned via the example of adjusting the color of an object in
the scene. This way, the participant learns the process and necessary interaction with the experimenter
on an abstract level, without biasing later configurations during the actual experiment.

Figure 5. Tutorial IVE designed to pratice room-scale walking, teleport locomotion (left), object interaction (middle

left), and IV configuration (middle-right and right).

The four specific study IVE were developed using the Qixel Megascans Libary'?, which provides
high quality 3D-scanned assets. To derive generalizable design guidelines for presence, these IVE
encompass a wide range of settings, spanning from artificial to natural spaces and from indoor to
outdoor areas (see Figure 6). All IVR-Scenarios are based on real life scenarios and are designed
based on photo-references to enable an objective assessment of visual fidelity based on a real-world
paradigm. The Forest IVE depicts a large forest with paths through a wide ravine. The task is to find
three metal watering cans hidden near the paths (Figure 6, left). The Warehouse IVE portrays the inside
of a warehouse with multiple aisles of shelfs, storing cardboard boxes on wooden pallets. The task is to
find and collect red paint cans (Figure 6, middle-left). The Antique Shop IVE presents a small, cluttered
indoor shop filled with old objects of varying value. The windows offer a view into a small and quiet
street. The task is to locate and collect hammers hidden throughout the shop (Figure 6, middle-right).
The Urban IVE shows a large courtyard, surrounded by different buildings, containing parking lots,
small green spaces, and a construction site. The task is to find and collect scuffed soccer balls (Figure 6,
right).

Figure 6. Adaptive IVEs developed in the scope of the study system (from left to right: forest, warehouse, antique

shop, urban)

12 https:/ /quixel.com/megascans/home, at the time of our development, the library was available free of charge for scientific

purposes.
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5.2. Experimenter Interface

The experimenter interface is implemented as a web app using the JavaScript framework Vue.js'°.
It is designed to navigate the experimenter through the study and thereby preventing possible operat-
ing errors. To ensure the double-blind principle [99] it limits the information the experimenter receives
during the experiment to minimize biases in the interaction with the participant. Therefore, the view
of the subject in the IVE is not shown to the experimenter during the experiment.

5.2.1. Ul and Study Modes

At the beginning of each experiment, the interface allows the selection of one of three study
modes, (1) explorative study, (2) comparative study and (3) debug mode (Appendix, Figure A1). The latter is
allowing for more operating freedom and insights regarding the experiment status (e.g., for pre-testing;
Appendix, Figure A2). The comparative study mode will be added as studies progress according to
the methodology (see section 4).

After entering the subject ID and choosing the explorative mode, the system determines randomly
in what order IV are configured and the order in which the IVE are presented, all this information
is hidden for the experimenter. The next view contains the four configuration steps needed for the
exploratory study (Appendix, Figure A3). The experimenter increases, decreases or continues to the
next step according to the exploratory study procedure (see section 4.1). After the fourth step is
completed, the task can be started through the interface. During the task, the interface presents the
subtask progression to the experimenter, but without revealing the status or type of specific subtasks.
The configuration and IVR task get repeated for every IVE. Lastly, the experimenter has the option
to add notes of unusual observations or occurrences during the experiment and to export all data
recorded by the tool.

5.2.2. Communication Between Interface and IVR Application

The communication between the two components is by definition unidirectional, with the web-
based experimenter interface sending requests to the IVR application. This communication is realized
through http requests that get sent to a web server running in the Unreal Engine. This server is part of

114

the remote control API'* and allows the execution of functions in instantiated objects at the currently

loaded level (IVE), for example, the manipulation of IV (see Figure 7).

13
14

https://vuejs.org/
https://dev.epicgames.com/documentation/de-de/unreal-engine /remote-control-for-unreal-engine
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objects

Figure 7. Forest IVE: different IV configurations on low, medium, and high levels, illumination intensity (top-left),

contrast ratio (top-right), texture resolution (bottem-left), object density (bottom-right). Each IV can be configured
on a scale from 0 to 16.

6. Evaluation and Practical Application

Our developed methodology (section 4) and study tool (section 5) underwent a formative expert
evaluation to test the general usability and applicability for exploratory VR studies. To further evaluate
our approach, we conducted exploratory user studies in the scope of the AgeVR® research project with
N=115 participants. So far, our evaluation covers the initial half of our methodology, up to the stage of
concluding the exploratory study.

6.1. Formative Expert Evaluation
6.1.1. Method

The evaluation was conducted with six experts (6 male, 22-32 years), with prior scientific or
development experience in IVR. The explorative study procedure (section 4.1) was simulated by con-
ducting a role play in pairs of two with one expert, as experimenter and the other as participant. The
participant’s role was to configure two IV and complete a task within the IVE. The experimenter’s role
was to control the experiment through the interface, following a written step-by-step instruction. Sub-
sequently, the experimenter evaluated the usability of the interface through the ISONORM 9241/110-S
usability questionnaire [100], while the subject role’s presence was measured via the IGroup Presence
Questionnaire (IPQ) [8] and Slater-Usoh-Steed presence questionaries (SUS) [12]. Afterwards, the
experiment was simulated a second time, swapping the roles. Finally, a semi-structured interview was
conducted with each individual expert. It focused on the adequacy of the study design and the tool’s
implementation of the methodology as well as its feasibility for large and diverse subject samples.
Considering its formative character, the evaluation was limited to the forest IVE (section 5.1.2).

6.1.2. Results

Semi-Structured Interviews!®

Considering the suitability of the proposed methodology and the corresponding study design, it
was stressed that it is essential for participants to have the correct mental model of the sense of presence
in order to carry out the configuration task in an effective manner (E2). Furthermore, unknown limits

15 Individual experts are identified via the pseudonyms E1-E6 in the follwoing.
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of the IVR-hardware (e.g., maximum brightness of the HMD) could lead to confusion (E1), as well
as certain IV starting at zero level, such as illumination intensity and contrast ratio (E3, E5). It was
suggested that some of these IV should rather be manipulated on a continuum, rather than in discrete
steps (E3). The importance of considering interference between IV as well as auditory aspects in the
development of design guidelines was emphasized (E2). Three experts questioned the double-blind
principle, saying that it might hinder communication with participants (E1, E3, E4). However, it
appears to reduce biases, as four experts wanted more feedback on the status of the subjects (E1, E2,
E4, E5), which was justified, e.g., by “being able to already think about result analysis during the experiment”
(E1). Addressing the diversity of participants, experts stated that interaction with IVR technology
poses different difficulties depending on the user groups (E4, E6). Users with an affinity for technology
may expect more configuration options and wider ranges (E5), while too many options may lead to
mental fatigue, not only in unexperienced users (E2). It was suggested to simplify the IVR task by
adding optional task objects (E1). Being concerned with mobility requirements, especially for older
users, experts suggested to reevaluate the time intervals that users were required to stand (E6) and
how intensively they must bend down and pick up objects (E5). For the developement of adequate IVR
scenarios, E6 recommended focusing on the plausibility of IVE in terms of boundaries and lighting.
Depending on the scenario, changes in IV may not be recognizable (e.g., if there are few objects/texture
details) (E5, E2). Additionally it was stated that, when it comes to presence, there may be several
different IV configurations that can be considered realistic (e.g., depending on the time of day or the
underlying narrative) (E5). Furthermore, E4 stressed that IV may have different influences in each
scenario, which hints at the importance of our multi-scenario approach to achieve generalizability and
counteract contradictory results.

Regarding how well the study tool implements the methodology and study procedure, two
experts stated that they had not experienced any problems with the system during the experiment. In
the following section, encountered problems and positive feedback by the experts is listed separately
for the experimenter interface and the IVR application respectively.

When asked about the experimenter interface, five of the six experts stated that they were adequately
supported by the system during the procedure and that they could well imagine using it to conduct a
large-scale exploratory study. The main reason given was, the linear and stringent process guidance
circumventing possible diversions (E2, E5, E6). Four experts described the Ul as "tidy", "uniformly
designed", and "easy to use" (E1, E2, E3, E4). The use of a web application was seen as a technological
advantage (E1). Several experts noted that error prevention and management could be improved. This
included having clearer step descriptions and confirmation prompts for critical actions (E1), as well as
checking subject IDs for duplicates when creating the study (E3). Another suggestion was the option
to decrement IV, to enable direct correction of configuration errors by the experimenter (E1, E2, E5, E6),
The interface seems to comply with the double-blind principle, as four experts stated that they did not
know which specific IV they were manipulating (E1, E3, E5, E6). While one expert described labeling
of the buttons as "unambiguous" (E3), another expert stated that the labels could easily be confused
with each other (E1). It was also noted that progress bars were not directly recognized as such (E6).
Additional features suggested include personalization, e.g., a dark mode (E1), keyboard shortcuts (E1),
and the automatic loading of subject IDs into the system, e.g., via a text file (E3).

When asked about the IVR application, five experts described the forest IVE as very realistic, due
to its high level of fidelity, detail (E1, E2, E4, E5, E6) and large size (E1, E5). Two experts addressed
navigability and wayfinding in the IVE, stating that, the IVE and the teleport locomotion were suitable
for carrying out the search task (E4), but especially for older users this should be retested (E3). One
expert confirmed that the task fulfilled its purpose of ensuring that users actively explore the IVE (E1),
however he found the distance of the teleport impractically short. Three experts wished for the IVE’s
boundaries to be visualized more prominently (E2, E4, E5). Furthermore, an additional tutorial IVE
was suggested to learn the teleport locomotion and picking up objects (E3). Regarding the task objects,
marking already found objects was suggested to avoid confusion, as well as more realistic physics
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when picking it up (E3). Some experts mentioned performance problems, i.e., frame drops (E5, E6)
and aliasing effects (E4, E6). It was suggested to perform additional performance tests to lower the risk
of cybersickness (E3). W

Questionnaires'®

Results of the ISONORM 9241/110-S usability questionnaire ranged from moderate to high
values (Min = 4.2, Max = 5.95,M = 5.43,SD = 0.65). In line with the interview results, the
subscales of self-descriptiveness (M = 4.61, SD = 0.92), error tolerance (M = 4.39,SD = 0.59), and
individualizability (M = 4.50, SD = 0.29) were noticeably lower than those of task appropriateness
(M =5.95,SD = 0.63), expectation conformity (M = 5.28, SD = 1.59), learnability (M = 5.56, SD =
0.59), controllability (M =5.39,SD = 0.69). However, the variance between experts was higher for
individualizability, than for self-descriptiveness and error tolerance (see Figure 8).

,
@

Subscale Means

cT EC ET IN LE SD TA
Subscales

Figure 8. Strip plot of all subscales of the ISONORM 9241/110-S usability questionnaire from the formative
expert evaluation. CT = controllability, EC = expectation conformity, ET = error tolerance, IN = individualizability,
LE = learnability, SD = self-descriptiveness, TA = task appropriateness.

Presence ratings obtained were divergent, with SUS scores ranging from 2.5 to 6.67, (M =
5.06, SD = 1.62) and the SUS counts ranging from 0 to 6 (M = 3.50, SD = 2.59). The IPQ total score
ranged from 3.64 to 5.43 (M = 4.68, SD = 0.66), the subscales of General Presence (M = 5.83,5D =
1.33), Spatial Presence (M = 5.30, SD = 0.59) were considerably lower than those of Involvement
(M =4.21,SD = 0.73) and Realness (M = 4.22, SD = 1.24). However, it is unclear which phase of the
IVR-exposure the presence rating refer to (during configuration or IVR-task).

6.2. Conduction of Exploratory IVR Studies in the Context of a Research Project

As a first practical application of the proposed methodology (section 4), and the developed
study tool (section 5), we conducted an exploratory study with 115 participants in the context of
the AgeVR® research project. The study tool was previously adapted based on the results of the
formative expert evaluation: duplicate checking for subject IDs was implemented, button labels
were unified, and possibilities to correct IV configuration errors (decrement button) and to annotate
experiment data (notes text field) were added. Furthermore, to prevent frame drops and aliasing
effects a high-performance VR-PC!” was used in combination with a high-resolution HMD'®.

16 7.point Likert scales were used for ISONORM 9241/110-S, SUS, and IPQ; the SUS count sums up ratings of 6 or higher, up to
a maximum of 6.

17" GPU: GeForce RTX 4090, 24GB; CPU: AMD Ryzen 7 7700X, 8x 4.50 GHz; RAM:64 GB DDR5, 4800 MHz, CL40, 2x 32B Kit

18 https:/ /varjo.com/products/varjo-xr-3/
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6.2.1. Method

This evaluation serves as an instantiation of the proposed methodology, within the context of a
concrete research project, which specifies concrete IV as well as human and environment factors (see
Figure 2). The AgeVR research project aims to identify age-specific design guidelines for presence in
IVR. The presence factors focused on in this project are those of visual display fidelity and associated
age-related user characteristics. Technological factors serving as IV for the experiment were the
exemplary ones implemented in section 5 (I, C, O, T). As a minimal reproducible example, only two
IVs were analyzed at a time. Each of the two pairs (I, C and O, T) was configured in two different
IVR scenarios (forest and warehouse, see section 5.1.2) according to the exploratory study process
(section 4.1), leading two four IVR exposures for each participant. Age-related user characteristics were
assessed prior to each study (visual short-term memory (block span), spatial imagination, visual system
performance (visus, stereopsis, phorieder, color sense, visual field, contrast vision, glare sensitivity).
The main Environment factors were the room characteristics stabilized by conducting all experiments
in the same IVR laboratory, as well as a tracking/operating area of 4x4m. The developed presence
short scale (see Appendix, Table A1) was administered after each IVR exposure. An age-diverse sample
was recruited (N=115, 60 female, 55 male, age = 18-88 , mean 4o = 45.71, SD = 18.77).

6.2.2. Results

The following analysis is restricted to data that is essential for assessing the applicability of the
methodology and the correct execution of the experiments. Data addressing the research questions
will be presented in a subsequent publication.

Frequently Encountered Problems

All 115 participants successfully completed the exploratory study process, despite 84% of partic-
ipants having little or no IVR experience (55% were novice users). This means that all participants
understood how to configure the IV in the IVR scenario and how to find and collect the task objects
in the IVE. 63 of the studies did not encounter any problems during the study procedure. The re-
maining 52 studies encountered problems that can by classified as technological errors, errors by
the experimenter, and errors relating to the methodology (see Figure 9). In terms of technological
errors, malfunctioning of IVR software, i.e., the Unreal Engine application (see section 5.1.1) occurred
in 20 studies. This includes unforeseen crashes of the application, physics glitches in task objects,
and the teleport locomotion not working properly. Malfunctions in the IVR hardware occured in
34 studies, specifically non-functioning controllers and blackscreens within the HMD, due to loose
or damaged cable connections (as the material was heavily stressed by over 400 IVR exposures in
total). Errors by the experimenter can be attributed to a lack of attention (25), such as forgetting to
turn on the controllers before the experiment, or to plug the headphones into the HMD, or incorrect
operations in the experimenter interface (2), such as incrementing / decrementing an IV by mistake
and accidentally loading the next IVR scenario. In terms of methodology, communication errors
between experimenter and participant occurred in 13 studies, as task instructions or term definitions
(i.e., presence) appear to have been ambiguous since they were not correctly understood. Furthermore,
the methodological requirements could not be met in 19 studies, as the experimenter sometimes had to
give additional information for solving the search task, had to physically intervene (restart controller,
adjust HMD/ cable), or the experimenter’s voice lead to a break in presence for some participants.
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Figure 9. Types and quantity of problems encountered during the conduction of exploratory IVR studies using
the proposed methodology and the developed study tool.

Configuration of IV for Optimal Presence

When analyzing the presence ratings, seven datasets had to be excluded, due to having more than
one blackscreen, or data loss due to system crashes. In the IVR exposure, participants were tasked with
finding their personal optimal setting for presence, by configuring the two IVs (IxC or OxT respectively).
As a control measure, presence was assessed after performing the IVR search task with the set
configuration. Figure 10 shows the distribution of post-hoc ratings for all presence subcomponents
(data were summarized for both IVR scenarios, thus with N=108 pariticipants, there are now 216
values for each subcomponent). There were only minor differences between the types of IV configured,
IxC and OxT show roughly the same distribution (Ayean = 2%, Aax = 5%, for each level of the 5-point
Likert scale). However, the subcomponents themselves differ substantially in how well participants
were able to achieve their optimal configurations. In terms of the subcomponents of general presence
and involvement, configuring the IV worked best with 94-96% of ratings being in the positive spectrum.
60-63% of participants reached the maximum value for involvement, while for general presence it were
47-49%. Regarding plausibility illusion, 75% were in the positive spectrum in both IV configurations
(IXC and OxT), but only 27-29% at maximum value. Ratings for spatial/physical presence and
self-presence ratings were less clear, both having 59% positive ratings after the OxT configuration
and 62% after the IXC configuration and both having more negative (27-28% for spatial/physical
presence, 25-29% for self-presence) than neutral ratings (11-14% for spatial /physical presence, 12-14%
for self-presence). Regarding social presence, participants were least likely to achieve their optimal
configuration as only 15-17% of ratings were positive. Here, most ratings were in the neutral spectrum
(49-52%). All subscales violate the assumption of normal distribution.
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Figure 10. Histograms of the post-hoc presence ratings (all subcomponents) of the IVR task after the IV config-
uration (either illumination intensity and contrast ratio (top) or object density and texture resolution (bottom),
mearsured by the presence short scale (see Appendix, Table AT).

7. Discussion

Research on presence factors is impeded by the substantial number of identified factors, contradic-
tory results on their influence and lack of clarity regarding their interaction (section 1.1). Based on the
analysis of current literature, we proposed a research methodology to address these problems using a
two-step procedure, combining exploratory and confirmatory paradigms (section 4). As current IVR
study tools do not focus on presence and its determinants (section 3), we developed our own tool
consisting of two components: An an IVR app based on the Unreal Engine for designing an displaying
various IVR scenarios and a browser-based experimenter interface, enabling precise control of presence
factors and study procedure (section 5). A formative expert evaluation of both the methodology and
the study tool was performed by role-playing experiments (section 6.1). A first practical application in
exploratory studies of the AgeVR research project, enabled a first evaluation with study participants
(section 6.2).

Qualitative expert feedback suggest that the methodology can reduce biases (double blind
principle) and enhance generalizability of results (multi-scenario approach). Experts had some concerns
regarding understandability, physical strain and cognitive load for certain user groups (unexperienced
users, older adults). However, this has not been confirmed in the exploratory studies, as all participants
were able to complete the study process, despite being an age-heterogeneous sample (18-88 years) and
despite the majority being unexperienced or novice users. Methodological problems that did occur,
were primarily communication errors between experimenter and participant as well as additional
assistance that had to be given (additional information or physical intervention). Thus, task instructions
and term definitions (i.e., presence) must be reformulated to make them unambiguous in further
studies. Another issue of the proposed methodology was that the experimenter’s voice lead to a
break in presence for some participants. This could be addressed by giving the experimenter a virtual
representation (avatar) within the IVE or by implementing a (virtual) communication device that is
coherent to the IVR scenario (e.g., phone or walkie-talkie).

Considering the study tool, five of the six experts felt adequately supported during the study
procedure and could well imagine conducting a large-scale IVR study using the experimenter interface.
Expert usability ratings for the study tool reached moderate to high values. Self-descriptiveness, error
tolerance, and individualizability were rated noticeably lower than the other scales. Since the tool is
supposed to strictly guide the experimental process and minimize derivation, individualizability is
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not a desired property. Thus, only measures were taken to improve self-descriptiveness by unifying
button labels and to increase error-tolerance by implementing duplicate checking for subject ID and
possibilities to correct IV configuration errors as suggested by the experts. Consequently, in the
subsequent exploratory studies with participants only two operating errors occured in all 115 studies.
Performance issues mentioned by the experts were addressed by upgrading the hardware used (VR-
PC and HMD) and did not reoccur in the exploratory studies. However, software and hardware
errors remained the most frequent issue within the exploratory studies. The former shows that
additional debugging of our Unreal Engine-based IVR application is necessary to prevent unforeseen
crashes, physics glitches, and other errors, while the Web-based experimenter interface worked without
difficulty. The latter demonstrates how high frequency use can put a strain on IVR equipment and
material. We learned from over 400 IVR exposures that e.g., cables simply reach their physical limits
and must be replaced at some point.

To assess the combined effectiveness of the methodology and the study tool, the presence ratings
obtained from the exploratory studies can be consulted. These show how well participants were able to
achieve their optimal IV configuration for presence. While the ratings only differ marginally between
the two pairs of IV (I,C and O,T), substantial differences could be identified between the different
subcomponents of presence. Almost all participants were able to achieve a sense of general presence
and involvement with their configurations, and two-thirds of participants had a plausibility illusion
(section 6.2.2). Only slightly more than half of the participants achieved a sense of self-presence. This
was likely due to the chosen default value for the avatar, being a hands-only representation which
may not have met the participants” expectations for a realistic virtual body. Furthermore, the only IV
that affected the avatar was the texture resolution variable, while others had a more indirect influence
(illumination intensity, contrast ratio). Spatial/phyisical presence yielded ratings similar to social presence.
Contrary to social presence, however, the IV configuration strongly influenced the visual appearance
of virtual objects in the IVE. It is therefore not clear why about half of the participants did not manage
to achieve spatial/physical presence with their IV configuration. One possible explanation might
be that participants rated their spatial /physical presence for the whole IVR exposure (including the
configuration task) and not only for the search task (as instructed). Thus, the great alternations in
visual appearance might have led to conflicting perceptions regarding spatial/physical presence. Only
one-sixth of participants achieved a sense of social presence with their IV configurations. The reason
for that is probably the choice of IVR scenarios and their respective default values, as neither the
forest nor the warehouse IVE included any form of social actor. Also, the IV configuration would
not have influenced social actors. Thus, in terms of self-presence and social presence, results imply
that (1) the IV investigated (I, C, O, T) seem to have no influence. As the study tool will be extended
with additional presence factors, their influences might be identified in future studies. (2) Default
values play an important role within the IVR scenarios, as the ones chosen for self-presence and social
presence (hands-only avatar and no social actors, respectively) seem to have inhibited the experience.
Especially, if IV with greater impact on self-presence and social presence are to be investigated in
future studies, more sophisticated body representations and the addition of agent or user-controlled
social actors might enable a more precise investigation of their influence.

8. Conclusion

In this paper, we have systematically analysed the state of research and derived measures for the
systematization of presence studies (section 4). Our proposed methodology addresses the fundamental
problem that the isolation of presence factors is not always possible. The practical workaround is
achieved by (1) always focusing on the combined influence of several presence factors, and (2) following
a two-step procedure where an exploratory investigation serves as a basis for subsequent hypothesis
formation and confirmatory investigations. Our exemplary case was to enable age-differentiated inves-
tigations of different presence factors by customizing IVEs to meet varying age-specific needs®. The
feasibility of our methodology and study tool has been confirmed by expert feedback, as well as data
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from 115 successfully completed exploratory studies with participants of various ages. The exploratory
study procedure works for general presence, involvement and plausibility illusion. Measures that will
enable the seamless investigation of the remaining presence subcomponents have been proposed (see
section 7). Our next step is to perform the cluster analysis prescribed by the methodology to develop
and test hypotheses in the confirmatory studies. Beyond our own research agenda, the developed
study tool was made publicly available as an open source project® to enable other researchers to
conduct custom experiments on presence factors in IVR. Currently the tool supports the manipulation
of four IV (presence factors) in the category of visual display fidelity (LC, O T). As our system is
designed with expandability in mind, additional presence factors, IVR scenarios, and IVR tasks can
easily be added.

9. Limitations

The evaluation of the proposed methodology was limited to p = 2 independent variables. If
the study procedures work for p > 2 is yet to be shown, since the complexity of configuration and
the interdependence of the presence factors will increase substantially as additional IV are added.
So far, our evaluation covers only the initial half of our methodology, up to the stage of concluding
the exploratory study. This is because the AgeVR research project used for validation has not yet
progressed beyond this step. From the experimental studies, only data relevant to the methodology’s
applicability and experiment execution were analyzed; data addressing the project’s research questions
will be published separately. Thus, our next step is to perform the cluster analysis, derive hypotheses,
and to conduct confirmatory studies, serving (1) the further evaluation of our methodology and (2) the
explicit goals of the research project (age-specific design guidelines for presence).

The proposed methodology itself is limited in its applicability, as it currently accounts only for
technological presence factors, while human and environmental factors remain in a controlled but
undynamic state. To enable a holistic investigation of factors contributing to the sense of presence,
ways must be found to incorporate these presence factors as IV into IVR experiments. Furthermore, in
our studies we chose discrete steps for the manipulation of presence factors, while for certain factors
a continuous approach might be more adequate (as suggested in the expert evaluation). This could
on the one hand enhance the precision with which optimal levels of presence can be detected; on the
other hand, this approach could confound optimal values due to subject’s reaction times.

Regarding the implemented study tool, the IVR task is currently limited to simple teleport
locomotion and object grasping. It remains unclear how well the results of the studies can be transferred
to more intricate IVR interactions, such as hand gestures, passive or active haptic feedback, or even
redirected walking techniques. Furthermore, the IVEs implemented so far focus on replications of
real-life contexts (forest, warehouse, courtyard, shop). While this may serve as a good starting point
for investigating presence factors, it does not exhaust its possibilities. We plan to add various other
virtual scenarios (e.g., fantasy settings, abstract scenarios) in the future, to fully leverage the design
space for virtual environments.
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Abbreviations

The following abbreviations are used in this manuscript:

AD Adaptation dimension(s)
CAVE Cave Automatic Virtual Environment

HCI Human-Computer Interaction
HMD  Head Mounted Display

IPQ IGroup Presence Questionnaire
v Independent Variable(s)

IVE Immersive Virtual Environment(s)

IVR Immersive Virtual Reality
MPS Multimodal Presence Scale

PQ Witmer-Singer Presence Questionnaire
SUS Slater-Usoh-Steed Presence Questionnaire
Appendix A

Screenshots of the developed experimenter interface
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START STUDY

Figure A1l. View of the experimenter interface when initiating a study. The experimenter can choose between
exploratory study mode (left), comparative Study Mode (middle), and debug mode (right). The subject ID is
entered in the text field above (top.
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Figure A2. View of the experimenter interface when in debug mode. The degree of each IV (AD) is transparently
displayed and can be freely configured.
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Figure A3. Configuration view of the experimenter interface when in the explorative study mode. Following the
double-blind principle the experimenter can not see which IV (AD) is currently being configured. The current AD
can be incremented or decremented, or it can be switched to the next IV.

Appendix B

Presence short scale
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Table Al. The presence short scale developed for the proposed methodology, based on established presence
questionnaires (PQ, IPQ, SUS, MPS). It was designed to measure all categories of presence subcomponents,
general presence, plasibility, involvement, physical/spatial presence, social presence, and self-presence with a
respective item. Each item is to be rated on a 5-point Likert-scale.

Item Name Item Text

In the computer-generated virtual environment

general presence (GP) ... I had a sense of "being there"
... T'had the feeling, that what was apparently
happening was really happening.
involvement (INV) ... my attention was completely captivated.
... the objects and room:s felt like real (material)
things.
... the people and animals seemed to me like
living beings (with consciousness and feelings).
self-presence (SeP) ... I felt as if my virtual body was my real body.

plausibility illusion (PSI)

physical/spatial presence (PP)

social presence (SoP)

References

1.  Abeele, V.V,; Schraepen, B.; Huygelier, H.; Gillebert, C.; Gerling, K.; Van Ee, R. Immersive Virtual Reality
for Older Adults: Empirically Grounded Design Guidelines. ACM Transactions on Accessible Computing
(TACCESS) 2021, 14, 1-30.

2. McGlynn, S.A.; Rogers, W.A. Design recommendations to enhance virtual reality presence for older adults.
In Proceedings of the Proceedings of the Human Factors and Ergonomics Society Annual Meeting. SAGE
Publications Sage CA: Los Angeles, CA, 2017, Vol. 61, pp. 2077-2081.

3.  Cummings, ].J.; Bailenson, ].N. How Immersive Is Enough? A Meta-Analysis of the Effect of Immersive
Technology on User Presence. Media Psychology 2016, 19, 272-309. https://doi.org/10.1080/15213269.2015.
1015740.

4. Coelho, C.; Tichon, J.; Hine, T.].; Wallis, G; Riva, G. Media presence and inner presence: the sense of presence
in virtual reality technologies. From communication to presence: Cognition, emotions and culture towards the
ultimate communicative experience 2006, 11, 25-45.

5. Skarbez, R.; Brooks, Jr, EP.; Whitton, M.C. A survey of presence and related concepts. ACM computing
surveys (CSUR) 2017, 50, 1-39.

6. Slater, M.; Wilbur, S. A framework for immersive virtual environments (FIVE): Speculations on the role of
presence in virtual environments. Presence: Teleoperators & Virtual Environments 1997, 6, 603-616.

7. Heeter, C. Being there: The subjective experience of presence. Presence Teleoperators Virtual Environ. 1992,
1,262-271.

8.  Schubert, T.; Friedmann, F.; Regenbrecht, H. The Experience of Presence: Factor Analytic Insights. 10, 266—
281. https://doi.org/10.1162/105474601300343603.

9. Lee, K. M. Presence, explicated. Communication theory 2004, 14, 27-50.

10. Witmer, B.G.; Jerome, C.J.; Singer, M.]. The factor structure of the presence questionnaire. Presence:
Teleoperators & Virtual Environments 2005, 14, 298-312.

11.  Slater, M. Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments.
Philosophical Transactions of the Royal Society B: Biological Sciences 2009, 364, 3549-3557.

12.  Usoh, M,; Catena, E.; Arman, S.; Slater, M. Using presence questionnaires in reality. Presence 2000, 9, 497-503.

13.  Makransky, G.; Lilleholt, L.; Aaby, A. Development and validation of the Multimodal Presence Scale for
virtual reality environments: A confirmatory factor analysis and item response theory approach. Computers
in Human Behavior 2017, 72, 276-285. https:/ /doi.org/10.1016/j.chb.2017.02.066.

14. Souza, V.; Maciel, A.; Nedel, L.; Kopper, R. Measuring Presence in Virtual Environments: A Survey. ACM
Computing Surveys 2022, 54. https://doi.org/10.1145/3466817.

15.  Schuemie, M.].; Van der Straaten, P; Krijn, M.; Van der Mast, C.A. Research on presence in virtual reality: A
survey. Cyberpsychology and Behavior 2001, 4, 183-201. https://doi.org/10.1089/109493101300117884.

16. Insko, B.E. Measuring Presence: Subjective, Behavioral and Physiological Methods. Emerging Communication
2003, 5, 109-120. https://doi.org/citeulike-article-id:1188098.


https://doi.org/10.1080/15213269.2015.1015740
https://doi.org/10.1080/15213269.2015.1015740
https://doi.org/10.1162/105474601300343603
https://doi.org/10.1016/j.chb.2017.02.066
https://doi.org/10.1145/3466817
https://doi.org/10.1089/109493101300117884
https://doi.org/citeulike-article-id:1188098
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025 d0i:10.20944/preprints202505.0254.v1

23 of 27

17.  Slater, M. How colorful was your day? Why questionnaires cannot assess presence in virtual environments.
Presence 2004, 13, 484-493.

18. Felton, WM.; Jackson, R.E. Presence: A Review. International Journal of Human-Computer Interaction 2021,
00, 1-18. https://doi.org/10.1080/10447318.2021.1921368.

19. North, M.M.; North, S. A Comparative Study of Sense of Presence of Traditional Virtual Reality and
Immersive Environments 2016. 20, 1-16.

20. Christofi, M.; Baka, E.; Stavroulia, K.; Michael-Grigoriou, D.; Lanitis, A.; Thalmann, N.M. Studying
Levels of Presence in a Virtual Environment Simulating Drug Use in Schools: Effect on Different Character
Perspectives. ICAT-EGVE 2018 - 28th International Conference on Artificial Reality and Telexistence and 23rd
Eurographics Symposium on Virtual Environments 2018, pp. 163-170. https://doi.org/10.2312/egve.20181329.

21. Eckstein, B.; Krapp, E.; Elsdsser, A.; Lugrin, B. Smart substitutional reality: Integrating the smart home into
virtual reality. Entertainment Computing 2019, 31. https://doi.org/10.1016/j.entcom.2019.100306.

22. Bozgeyikli, E.; Raij, A.; Katkoori, S.; Dubey, R. Point & teleport locomotion technique for virtual reality. In
Proceedings of the Proceedings of the 2016 annual symposium on computer-human interaction in play, 2016,
pp- 205-216.

23. Chessa, M.; Maiello, G.; Borsari, A.; Bex, PJ. The Perceptual Quality of the Oculus Rift for Immersive Virtual
Reality. Human-Computer Interaction 2019, 34, 51-82. https://doi.org/10.1080/07370024.2016.1243478.

24. Carter, L.; Potter, L.E. Designing games for presence in consumer virtual reality. SIGMIS-CPR 2016 -
Proceedings of the 2016 ACM SIGMIS Conference on Computers and People Research 2016, pp. 141-148. https:
/ /doi.org/10.1145/2890602.2890626.

25.  Rhiy, I; Kim, YM.; Kim, W.; Yun, M.H. The evaluation of user experience of a human walking and a driving
simulation in the virtual reality. International journal of industrial ergonomics 2020, 79, 103002.

26. Puri, A,; Baker, S.; Hoang, T.N.; Zuffi, R.C. To be (Me) or not to be? photorealistic avatars and older adults.
ACM International Conference Proceeding Series 2017, pp. 503-507. https://doi.org/10.1145/3152771.3156166.

27. Slater, M.; Spanlang, B.; Corominas, D. Simulating virtual environments within virtual environments as the
basis for a psychophysics of presence. ACM transactions on graphics (TOG) 2010, 29, 1-9.

28. Dresel, M.; Plaumann, J.; Jochems, N. Investigating Age Differences in Passive Haptic Feedback for
Immersive Virtual Reality: A Pilot Study on Configuration Tasks. In Proceedings of the International
Conference on Extended Reality. Springer, 2023, pp. 210-222.

29. Volkmann, T.; Wessel, D.; Franke, T.; Jochems, N. Testing the Social Presence Aspect of the Multimodal
Presence Scale in a Virtual Reality Game. Proceedings of Mensch und Computer 2019 2019, pp. 433-437.
https://doi.org/10.1145/3340764.3344435.

30. Schwind, V.; Knierim, P.; Haas, N.; Henze, N. Using presence questionnaires in virtual reality. In Proceedings
of the Proceedings of the 2019 CHI conference on human factors in computing systems, 2019, pp. 1-12.

31. Putze, S.; Alexandrovsky, D.; Putze, F; Hoffner, S.; Smeddinck, J.D.; Malaka, R. Breaking The Experience:
Effects of Questionnaires in VR User Studies. Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems 2020. https://doi.org/10.1145/3313831.3376144.

32. Barios, R.M.; Botella, C.; Rubid, 1.; Quero, S.; Garcia-Palacios, A.; Alcaniz, M. Presence and emotions in
virtual environments: The influence of stereoscopy. CyberPsychology & Behavior 2008, 11, 1-8.

33. Grassini, S.; Laumann, K.; Luzi, A.K. Association of individual factors with simulator sickness and sense
of presence in virtual reality mediated by head-mounted displays (Hmds). Multimodal Technologies and
Interaction 2021, 5. https://doi.org/10.3390/mti5030007.

34. Tanja-Dijkstra, K.; Pahl, S.; White, M.P.; Auvray, M.; Stone, R].; Andrade, J.; May, J.; Mills, L.; Moles, D.R. The
soothing sea: a virtual coastal walk can reduce experienced and recollected pain. Environment and behavior
2018, 50, 599-625.

35. Chirico, A,; Ferrise, F.; Cordella, L.; Gaggioli, A. Designing awe in virtual reality: An experimental study.
Frontiers in Psychology 2018, 8, 1-14. https://doi.org/10.3389/fpsyg.2017.02351.

36. Brennan, PF; Nicolalde, ED.; Ponto, K.; Kinneberg, M.; Freese, V.; Paz, D. Cultivating imagination
development and pilot test of a therapeutic use of an immersive virtual reality CAVE. American Medical
Informatics Association (AMIA) Annual Symposium Proceedings 2013, 2013, 135-144.

37. Corriveau Lecavalier, N.; Ouellet, E.; Boller, B.; Belleville, S. Use of immersive virtual reality to assess
episodic memory: A validation study in older adults. Neuropsychological rehabilitation 2020, 30, 462—480.

38. Schuemie, M.J.; Abel, B.; Van Der Mast, C.A.; Krijn, M.; Emmelkamp, PM. The effect of locomotion technique
on presence, fear and usability in a virtual environment. EUROMEDIA 2005 - 11th Annual Scientific Conference


https://doi.org/10.1080/10447318.2021.1921368
https://doi.org/10.2312/egve.20181329
https://doi.org/10.1016/j.entcom.2019.100306
https://doi.org/10.1080/07370024.2016.1243478
https://doi.org/10.1145/2890602.2890626
https://doi.org/10.1145/2890602.2890626
https://doi.org/10.1145/3152771.3156166
https://doi.org/10.1145/3340764.3344435
https://doi.org/10.1145/3313831.3376144
https://doi.org/10.3390/mti5030007
https://doi.org/10.3389/fpsyg.2017.02351
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025 d0i:10.20944/preprints202505.0254.v1

24 of 27

on Web Technology, New Media Communications and Telematics Theory Methods, Tools and Applications 2005, pp.
129-135.

39. Bangay, S.; Preston, L. An investigation into factors influencing immersion in interactive virtual reality
environments. Studies in Health Technology and Informatics 1998, 58, 43-51. https://doi.org/10.3233/978-1-60
750-902-8-43.

40. Berndt, H.; Wessel, D.; Willer, L.; Herczeg, M.; Mentler, T. Immersion and presence in virtual reality training
for mass casualty incidents. Proceedings of the International ISCRAM Conference 2018, 2018-May, 797-805.

41. Born, E; Masuch, M.; Hahn, A. Ghost sweeper: Using a heavy passive haptic controller to enhance a
room-scale vr exergame. In Proceedings of the 2020 IEEE conference on games (CoG). IEEE, 2020, pp.
221-228.

42. BOTELLA, C; REY, A.; C. PERPINA ; BANOS, R.; ALCANIZ, M.; A. GARCIA-PALACIOS.; ALOZANO,
J.; VILLA, H. Differences on Presence and Reality Judgement Using a High Impact Workstation and a PC
Workstation 1999. 2, 1. Ph D, Rey A, Perpifid C, Ph D, Bafios R, Ph D, et.

43. Cmentowski, S.; Krekhov, A.; Kriiger, ]. Outstanding: A multi-perspective travel approach for virtual reality
games. In Proceedings of the Proceedings of the annual symposium on computer-human interaction in play,
2019, pp. 287-299.

44. Kiritikos, J.; Zoitaki, C.; Tzannetos, G.; Mehmeti, A. Comparison between Full Body Motion Recognition Cam-
era Interaction and Hand Controllers Interaction used in Virtual Reality Exposure Therapy for Acrophobia
2020.

45. Grabowski, A.; Jankowski, J. Virtual reality-based pilot training for underground coal miners. Safety science
2015, 72, 310-314.

46. Wolfel, M.; Hepperle, D.; Purps, C.E; Deuchler, J.; Hettmann, W. Entering a new dimension in virtual
reality research: an overview of existing toolkits, their features and challenges. In Proceedings of the 2021
International Conference on Cyberworlds (CW). IEEE, 2021, pp. 180-187.

47. McMahan, R.P; Bowman, D.A.; Zielinski, D.J.; Brady, R.B. Evaluating display fidelity and interaction
fidelity in a virtual reality game. IEEE Transactions on Visualization and Computer Graphics 2012, 18, 626-633.
https://doi.org/10.1109/TVCG.2012.43.

48. Mania, K.; Chalmers, A. The effects of levels of immersion on memory and presence in virtual environments:
A reality centered approach. Cyberpsychology & behavior 2001, 4, 247-264.

49. Makransky, G.; Wismer, P.; Mayer, R.E. A gender matching effect in learning with pedagogical agents in an
immersive virtual reality science simulation. Journal of Computer Assisted Learning 2019, 35, 349-358.

50. Slater, M.; Usoh, M,; Steed, A. Depth of presence in virtual environments. Presence: Teleoperators & Virtual
Environments 1994, 3, 130-144.

51. Zielasko, D.; Weyers, B.; Kuhlen, T.W. Travel your desk? An office desk substitution and its effects on
cybersickness, presence and performance in an hmd-based exploratory analysis task. 26th IEEE Conference
on Virtual Reality and 3D User Interfaces, VR 2019 - Proceedings 2019, pp. 1285-1286. https://doi.org/10.1109/
VR.2019.8798068.

52. Steinicke, E; Bruder, G.; Hinrichs, K.; Lappe, M.; Ries, B.; Interrante, V. Transitional environments enhance
distance perception in immersive virtual reality systems. In Proceedings of the Proceedings of the 6th
Symposium on Applied Perception in Graphics and Visualization, 2009, pp. 19-26.

53. Fribourg, R.; Argelaguet, F.; Hoyet, L.; Lecuyer, A. Studying the Sense of Embodiment in VR Shared
Experiences. Proceedings - 25th IEEE Conference on Virtual Reality and 3D User Interfaces, VR 2018 2018, pp.
273-280. https:/ /doi.org/10.1109/VR.2018.8448293.

54. Llorach, G.; Evans, A ; Blat, ]. Simulator sickness and presence using HMDs: Comparing use of a game
controller and a position estimation system. Proceedings of the ACM Symposium on Virtual Reality Software and
Technology, VRST 2014, pp. 137-140. https:/ /doi.org/10.1145/2671015.2671120.

55. McMahan, R.P. Exploring the effects of higher-fidelity display and interaction for virtual reality games. PhD
thesis, Virginia Tech, 2011.

56. Bowman, D.A.; McMahan, R.P. Virtual reality: How much immersion is enough? Computer 2007, 40, 36—43.
https://doi.org/10.1109/MC.2007.257.

57. Nikolic, D. Evaluating Relative Impact of Virtual Reality Components Detail and Realism on Spatial
Comprehension and Presence. Technical Report 52, 2007.

58. Slater, M.; Khanna, P.; Mortensen, J.; Yu, . Visual realism enhances realistic response in an immersive virtual
environment. IEEE computer graphics and applications 2009, 29, 76-84.


https://doi.org/10.3233/978-1-60750-902-8-43
https://doi.org/10.3233/978-1-60750-902-8-43
https://doi.org/10.1109/TVCG.2012.43
https://doi.org/10.1109/VR.2019.8798068
https://doi.org/10.1109/VR.2019.8798068
https://doi.org/10.1109/VR.2018.8448293
https://doi.org/10.1145/2671015.2671120
https://doi.org/10.1109/MC.2007.257
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025 d0i:10.20944/preprints202505.0254.v1

25 of 27

59. Khanna, P; Yu, I; Mortensen, J.; Slater, M. Presence in response to dynamic visual realism: a preliminary
report of an experiment study. In Proceedings of the Proceedings of the ACM symposium on Virtual reality
software and technology, 2006, pp. 364-367.

60. Yu, I; Mortensen, J.; Khanna, P.; Spanlang, B.; Slater, M. Visual realism enhances realistic response in an
immersive virtual environment-part 2. IEEE Computer Graphics and Applications 2012, 32, 36—45.

61. Welch, R.B.; Blackmon, T.T.; Liu, A.; Mellers, B.A.; Stark, L.W. The effects of pictorial realism, delay of visual
feedback, and observer interactivity on the subjective sense of presence. Presence: Teleoperators & Virtual
Environments 1996, 5, 263-273.

62. Hvass, ].S.; Larsen, O.; Vendelbo, K.B.; Nilsson, N.C.; Nordahl, R.; Serafin, S. The effect of geometric
realism on presence in a virtual reality game. Proceedings - 2017 IEEE Virtual Reality (VR) 2017, pp. 339-340.
https://doi.org/10.1109/VR.2017.7892315.

63. Gromer, D.; Reinke, M.; Christner, I.; Pauli, P. Causal interactive links between presence and fear in virtual
reality height exposure. Frontiers in Psychology 2019, 10, 141. https://doi.org/10.3389/fpsyg.2019.00141.

64. Zimmons, P; Panter, A. The influence of rendering quality on presence and task performance in a virtual
environment. Proceedings - IEEE Virtual Reality 2003, pp. 293-294. https://doi.org/10.1109/VR.2003.1191170.

65. Phillips, L.; Interrante, V.; Kaeding, M.; Ries, B.; Anderson, L. A further assessment of factors correlating with
presence in immersive virtual environments. Joint Virtual Reality Conf. of EGVE 2010 - The 16th Eurographics
Symposium on Virtual Environments, EuroVR 2010 - The 7th EuroVR (INTUITION) Conf., VEC 2010 - The Annual
Virtual Efficiency Congress 2010, pp. 55-63. https://doi.org/10.2312/EGVE/JVRC10/055-063.

66. Higuera-Trujillo, J.L.; Lépez-Tarruella Maldonado, J.; Llinares Milldn, C. Psychological and physiological
human responses to simulated and real environments: A comparison between Photographs, 360° Panoramas,
and Virtual Reality. Applied Ergonomics 2017, 65, 398-409. https:/ /doi.org/10.1016/j.apergo.2017.05.006.

67. Rand, D.; Kizony, R.; Feintuch, U.; Katz, N.; Josman, N.; Rizzo, A.; Weiss, PL. Comparison of two VR
platforms for rehabilitation: Video capture versus HMD. Presence: Teleoperators and Virtual Environments 2005,
14, 147-160. https:/ /doi.org/10.1162/1054746053967012.

68. Felnhofer, A.; Kothgassner, O.D.; Hauk, N.; Beutl, L.; Hlavacs, H.; Kryspin-Exner, I. Physical and social
presence in collaborative virtual environments: Exploring age and gender differences with respect to
empathy. Computers in Human Behavior 2014, 31, 272-279. https://doi.org/10.1016/j.chb.2013.10.045.

69. McGlynn, S.A. Investigating age-related differences in spatial presence formation and maintenance in virtual
reality. PhD thesis, Georgia Institute of Technology, 2019.

70. Janeh, O.; Bruder, G.; Steinicke, F.; Gulberti, A.; Poetter-Nerger, M. Analyses of Gait Parameters of Younger
and Older Adults during (Non-)Isometric Virtual Walking. IEEE Transactions on Visualization and Computer
Graphics 2018, 24, 2663-2674. https:/ /doi.org/10.1109/TVCG.2017.2771520.

71. Laarni, J.; Ravaja, N.; Saari, T.; Hartmann, T. Personality-related differences in subjective presence. Proceed-
ings of the seventh annual international workshop presence 2004 2004, pp. 88-95.

72.  Jurnet, LA, Beciu, C.C.; Maldonado, ].G. Individual differences in the sense of presence. Proceedings of
presence 2005, pp. 133-142.

73.  Jurnet, L.A.; Gutiérrez-Maldonado, J. Influence of personality and individual abilities on the sense of presence
experienced in anxiety triggering virtual environments. International Journal of Human Computer Studies 2010,
68, 788-801. https://doi.org/10.1016/j.ijjhcs.2010.07.001.

74. Dewez, D.; Fribourg, R.; Sanz, F.A.; Hoyet, L.; Mestre, D.; Slater, M.; Lécuyer, A.; Dewez, D.; Fribourg, R.;
Sanz, F.A.; et al. Influence of Personality Traits and Body Awareness on the Sense of Embodiment in Virtual
Reality To cite this version : HAL Id : hal-02385783 Influence of Personality Traits and Body Awareness on
the Sense of Embodiment in Virtual Reality 2019.

75. Brade, J.; Lorenz, M.; Busch, M.; Hammer, N.; Tscheligi, M.; Klimant, P. Being there again — Presence in real
and virtual environments and its relation to usability and user experience using a mobile navigation task.
International Journal of Human Computer Studies 2017, 101, 76-87. https://doi.org/10.1016/j.ijhcs.2017.01.004.

76. Coxon, M.; Kelly, N.; Page, S. Individual differences in virtual reality: Are spatial presence and spatial ability
linked? Virtual Reality 2016, 20, 203-212. https:/ /doi.org/10.1007/s10055-016-0292-x.

77. Phillips, L.; Interrante, V.; Kaeding, M.; Ries, B.; Anderson, L. Correlations between physiological response,
gait, personality, and presence in immersive virtual environments. Presence: Teleoperators and Virtual
Environments 2012, 21, 119-141. https://doi.org/10.1162/PRES{_}a{_}00100.

78. Usoh, M.; Arthur, K.; Whitton, M.C.; Bastos, R.; Steed, A ; Slater, M.; Brooks, F.P. Walking > walking-in-place
> flying, in virtual environments. Proceedings of the 26th Annual Conference on Computer Graphics and Interactive
Techniques, SIGGRAPH 1999 1999, pp. 359-364. https://doi.org/10.1145/311535.311589.


https://doi.org/10.1109/VR.2017.7892315
https://doi.org/10.3389/fpsyg.2019.00141
https://doi.org/10.1109/VR.2003.1191170
https://doi.org/10.2312/EGVE/JVRC10/055-063
https://doi.org/10.1016/j.apergo.2017.05.006
https://doi.org/10.1162/1054746053967012
https://doi.org/10.1016/j.chb.2013.10.045
https://doi.org/10.1109/TVCG.2017.2771520
https://doi.org/10.1016/j.ijhcs.2010.07.001
https://doi.org/10.1016/j.ijhcs.2017.01.004
https://doi.org/10.1007/s10055-016-0292-x
https://doi.org/10.1162/PRES{_}a{_}00100
https://doi.org/10.1145/311535.311589
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025 d0i:10.20944/preprints202505.0254.v1

26 of 27

79. Shi, Y.;; Du, J; Ragan, E.; Choi, K.; Ma, S. Social Influence on Construction Safety Behaviors: A Multi-user
Virtual Reality Experiment 2018.

80. Li, S; Gu, X; Yi, K,; Yang, Y.; Wang, G.; Manocha, D. Self-Illusion: A Study on High-Level Cognition
of Role-Playing in Immersive Virtual Environments from Non-Human Perspective. IEEE Transactions on
Visualization and Computer Graphics 2020, XX, 1-15. https://doi.org/10.1109/TVCG.2020.3044563.

81. Gall, D.; Latoschik, M.E. The Effect of Haptic Prediction Accuracy on Presence. 25th IEEE Conference on
Virtual Reality and 3D User Interfaces, VR 2018 - Proceedings 2018, pp. 73-80. https:/ /doi.org/10.1109/VR.20
18.8446153.

82. Gamelin, G.; Chellali, A.; Cheikh, S.; Ricca, A.; Dumas, C.; Otmane, S. Point-cloud avatars to improve spatial
communication in immersive collaborative virtual environments. Personal and Ubiquitous Computing 2021,
25, 467-484. https:/ /doi.org/10.1007/s00779-020-01431-1.

83. Volkmann, T.; Wessel, D.; Caliebe, T.O.; Jochems, N. What you see isn’t necessarily what you get: testing the
influence of polygon count on physical and self-presence in virtual environments. In Proceedings of Mensch
und Computer 2020; 2020; pp. 119-128.

84. Thai, K.T.P; Jung, S.; Lindeman, RW. On the use of ”Active Breaks” to perform Eye Exercises for more
Comfortable VR Experiences. Proceedings - 2020 IEEE Conference on Virtual Reality and 3D User Interfaces,
VRW 2020 2020, pp. 455-459. https:/ /doi.org/10.1109/VRWS50115.2020.00096.

85. Born, F.; Masuch, M. Increasing presence in a mixed reality application by integrating a real time tracked full
body representation. Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics) 2018, 10714 LNCS, 46-60. https://doi.org/10.1007/978-3-319-76270-8{_}4.

86. Freiwald, J.P; Ariza, O.; Janeh, O.; Steinicke, F. Walking by Cycling: A Novel In-Place Locomotion User
Interface for Seated Virtual Reality Experiences. Conference on Human Factors in Computing Systems -
Proceedings 2020, pp. 1-12. https://doi.org/10.1145/3313831.3376574.

87. Dresel, M.; Jochems, N. A Distributed Virtual Reality Study under COVID-19 Conditions Comparing
Continuous and Non-Continuous Locomotion Techniques in Mobile VR. Mensch und Computer 2021 2021,
pp. 406—411. https://doi.org/10.1145/3473856.3473996.

88. Jung, S.; Wisniewski, PJ.; Sandor, C.; Hughes, C.E. RealME: The influence of body and hand representations
on body ownership and presence. In Proceedings of the SUI 2017 - Proceedings of the 2017 Symposium on
Spatial User Interaction. Association for Computing Machinery, Inc, 10 2017, pp. 3-11. https://doi.org/10.1
145/3131277.3132186.

89. Parger, M.; Schmalstieg, D.; Mueller, ].H.; Steinberger, M. Human upper-body inverse kinematics for
increased embodiment in consumer-grade virtual reality. Proceedings of the ACM Symposium on Virtual Reality
Software and Technology, VRST 2018. https://doi.org/10.1145/3281505.3281529.

90. Athif, M.; Rathnayake, B.L.; Nagahapitiya, S.M.; Samarasinghe, S.A.; Samaratunga, P.S.; Peiris, R.L.; De Silva,
A.C. Using Biosignals for Objective Measurement of Presence in Virtual Reality Environments. Proceedings
of the Annual International Conference of the IEEE Engineering in Medicine and Biology Society, EMBS 2020,
2020-July, 3035-3039. https://doi.org/10.1109/EMBC44109.2020.9176022.

91. Brade, J.; Kogel, A.; Fuchs, C.; Klimant, P. Impact of First Person Avatar Representation in Assembly
Simulations on Perceived Presence and Acceptance. In Proceedings of the VISIGRAPP (1: GRAPP), 2020, pp.
17-24.

92. Buttussi, F.; Chittaro, L. Effects of Different Types of Virtual Reality Display on Presence and Learning in
a Safety Training Scenario. IEEE Transactions on Visualization and Computer Graphics 2018, 24, 1063-1076.
https://doi.org/10.1109/TVCG.2017.2653117.

93. Huang, W. Exploring players’ user experience in a high-embodied virtual reality game. 2019 IEEE Games,
Entertainment, Media Conference, GEM 2019 2019, 2019-Janua. https://doi.org/10.1109/GEM.2019.8902148.

94. Gamito, P; Morais, D.; Oliveira, ].; Gamito, L.; Anastécio, M. Presence: Head Mounted Display vs. Translucid
Screen, 2006.

95. Felnhofer, A.; Heinzle, A k.; David, O. Game experience and behavior in young women : A comparison of
interface technologies. Proceedings of the Usability Day XI 2013, pp. 1-6.

96. Robillard, G.; Bouchard, S.; Fournier, T.; Renaud, P. Anxiety and presence during VR immersion: A
comparative study of the reactions of phobic and non-phobic participants in therapeutic virtual environments
derived from computer games. CyberPsychology & Behavior 2003, 6, 467—476.

97. Weech, S.; Kenny, S.; Lenizky, M.; Barnett-Cowan, M. Narrative and gaming experience interact to affect
presence and cybersickness in virtual reality. International Journal of Human Computer Studies 2020, 138, 1-41.
https://doi.org/10.1016/j.ijjhcs.2020.102398.


https://doi.org/10.1109/TVCG.2020.3044563
https://doi.org/10.1109/VR.2018.8446153
https://doi.org/10.1109/VR.2018.8446153
https://doi.org/10.1007/s00779-020-01431-1
https://doi.org/10.1109/VRW50115.2020.00096
https://doi.org/10.1007/978-3-319-76270-8{_}4
https://doi.org/10.1145/3313831.3376574
https://doi.org/10.1145/3473856.3473996
https://doi.org/10.1145/3131277.3132186
https://doi.org/10.1145/3131277.3132186
https://doi.org/10.1145/3281505.3281529
https://doi.org/10.1109/EMBC44109.2020.9176022
https://doi.org/10.1109/TVCG.2017.2653117
https://doi.org/10.1109/GEM.2019.8902148
https://doi.org/10.1016/j.ijhcs.2020.102398
https://doi.org/10.20944/preprints202505.0254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025

27 of 27

98. Khurana, A. Theory and Practice of Optics & Refraction-E Book; Elsevier Health Sciences, 2023.

99. David, S.; Khandhar, P.B. Double-Blind Study. In StatPearls; StatPearls Publishing; [31536248].

100. Priimper, ]J. Der Benutzungsfragebogen ISONORM 9241/10: Ergebnisse Zur Reliabilitdt Und Validitat. In
Liskowsky, R., Velichkovsky, B. M., Wiinschmann, W. (Ed.), Software-Ergonomie “97; Vieweg+Teubner; pp. pp.
253-262.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


http://arxiv.org/abs/31536248
https://doi.org/10.20944/preprints202505.0254.v1

	Introduction
	Motivation

	Presence Factors in IVR: State of Research
	Display Fidelity
	User Characteristics

	VR Study Tools: State of the Art
	Research Methodology
	Exploratory Assessment of Preferred Configurations of Presence Factors
	Confirmatory Study on the Combined Influence of Presence Factors

	IVR Study Tool Development
	IVR Application
	Base System
	IVR Scenarios

	Experimenter Interface
	UI and Study Modes
	Communication Between Interface and IVR Application


	Evaluation and Practical Application
	Formative Expert Evaluation
	Method
	Results

	Conduction of Exploratory IVR Studies in the Context of a Research Project
	Method
	Results


	Discussion
	Conclusion
	Limitations
	Appendix A
	Appendix B
	References

