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Abstract

Current developments in virtual reality (VR) hardware have made immersive VR experiences more affordable through
commercially available head-mounted displays. As more studies are likely to be conducted using these devices, the question
arises how to embed questionnaires in virtual environments without impairing the immersive user experience. In this work
we investigate two different aspects: (1) if a rating performed in a virtual environment is comparable to a rating obtained
via a paper questionnaire and (2) how questionnaires for assessing virtual experiences should be designed and integrated
into the virtual environment. For this research, we used our own extended version of VRate—a VR questionnaire asset for
Unity. In the first study with 27 participants, we compared ratings assessed within VR with ratings obtained using a paper
questionnaire. We found that the ratings gathered in VR are comparable to the ratings gathered in the real world by paper—
pencil questionnaires (subscales: global presence, spatial presence, and experience realism). In the second study with 48
participants, we investigated the users’ perceived suitability of the VR questionnaire and the optimal mounting position
of the questionnaire (hand-mounted, head-up display or billboard). Moreover, we investigated whether the questionnaire
should be answered in the same or in a separate dedicated virtual environment and how the users’ feeling of presence in VR
is influenced by this placement. Results indicate a subjective preference for the billboard position, with a significant prefer-
ence for billboard over hand-mounted and no significant preference between billboard and head-up-display. Regarding the
placement of the VR questionnaire (in-scene vs. dedicated virtual environment) we did not find any influence on presence. In
the following, we discuss the pros and cons of different placement/mounting options and provide suggestions for designing
and implementing questionnaires embedded in virtual environments.
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Introduction

Innovation in Virtual Reality (VR) has made fully immersive
experiences affordable for consumers through commercially
available head-mounted displays and input devices (cf. [1]).
A broad range of application scenarios for virtual environ-
Georg Regal and Jan-Niklas Voigt-Antons have contributed ments (VE) exists and is steadily evolving.

equally to this publication. Based on these developments, immersive user experi-
ences will become more commonplace and assessing these
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jv@qu.tu-berlin.de experiences will gain importance. This will be an upcoming
Georg Regal challenge for the user experience (UX) and quality of experi-
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While affordable consumer VR systems are a current
trend, the question of how to assess experience in immer-
sive VE is a continuing debate in the HCI community.
Bowman et al. [2] presented an overview on VE usability
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The task was easy to complete.

Disagree Agree §

Fig. 1 Questionnaire embedded in the virtual environment

evaluation methods and Livatino and Koeffel [21] pro-
posed guidelines for evaluating VR applications. Regard-
ing measurements to evaluate UX in VE both subjective
methods, e.g. questionnaires (cf. [7, 20, 35]), as well as
objective methods, e.g. eye-tracking (cf. [32]) or bio-
physical measurements (cf. [18]) have been proposed. For
subjective self-reported data, current UX evaluations in
immersive VE often use post-test questionnaires answered
after the VR experience in the real world. But especially in
study designs where participants have to answer multiple
questionnaires, leaving the VR experience to answer the
questions in the real world is time consuming and might
influence participants’ sense of presence, immersion or
involvement, and thus UX. Moreover, experience meas-
urements applied after the VR experience (e.g. post-test
questionnaires or interviews) rely on memory recall and
thus are not desirable for separate evaluations of multiple
subsequent tasks.

Although methods for evaluating experience in VE have
been proposed, the challenge of how to integrate ques-
tionnaires into an immersive VE has not been systemati-
cally researched so far. In earlier work we proposed VRate
(Fig. 1), a virtual questionnaire asset that can be embedded
directly in a VE [24]. In this work we extended the VRate
asset and investigated how such virtual questionnaires can
be applied to UX evaluations in VR and whether ratings in
VE are comparable to ratings in paper—pencil questionnaires.

Therefore, in this work we address the following research
questions:

e RQI: Do questionnaires in an immersive virtual environ-
ment elicit similar ratings to ratings gathered in paper—
pencil questionnaires?

e RQ2: Are questionnaires in an immersive virtual envi-
ronment perceived as practical by users? How do users
evaluate their experience of answering questionnaires
within an immersive virtual environment?

e RQ3: What is the best mounting position of a question-
naire in an immersive virtual environment?
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e RQ4: Should questionnaires be embedded in the same or
in a separate virtual environment? How does such place-
ment influence the user experience and especially users’
feeling of presence?

This paper is structured as follows. Firstly, we discuss
related work regarding experience factors and evaluation
methods for immersive VE. Secondly, we describe two stud-
ies conducted to find out if ratings (e.g. experienced pres-
ence) collected in VE are comparable to ratings obtained
in paper—pencil questionnaires and how to integrate ques-
tionnaires into an immersive VE. We then discuss the ques-
tionnaire design as well as effects of placement (in-scene
environment vs. dedicated environment) and mounting posi-
tion, and provide suggestions for future implementations of
questionnaires in immersive VE.

Related work

Evaluating user experience in fully immersive environments
is different to evaluating desktop graphical user interfaces
and thus poses special challenges and constructs that need
to be taken into account [2].

Presence, the “feeling of being there”, was proposed as
an important aspect of user experience in VE which has led
to the development of questionnaires to measure presence
(e.g. [20, 37]).

On the contrary, the term immersion has mostly been
defined twofold in the literature: Either as denoting the
objective properties of the VR system that influence the
sense of presence [30, 31] or as “a psychological state char-
acterized by perceiving oneself to be enveloped by, included
in, and interacting with an environment that provides a con-
tinuous stream of stimuli and experiences” [37].

Although presence is seen as a key factor, several authors
argue that focusing on presence does not reflect the holis-
tic UX in immersive VE. Chertoff et al. [7] proposed the
“Virtual Experience Test”, a survey instrument to measure
holistic VR experiences based on a sensory, cognitive, affec-
tive, active, and relational dimension. Tcha-Tokey et al. [35]
focused on concepts such as engagement, immersion, flow,
skill, emotion, usability, technology adoption, judgement
and experience consequence. Takatalo [33] proposed the
“EVE Experience Questionnaire” that consist of 19 scales
for measuring experience in VE. These include 11 scales
for physical presence, interaction and flow and 8 scales for
different feelings.

As a broad range of measurements for UX in VE and
presence have been proposed, the question arises how to
integrate such measurements in evaluations of VE. Cur-
rently, scientific literature reports on different approaches for
evaluating experience in VE. For example: asking questions
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orally while the participant is still wearing a HMD [23],
post-experience questionnaires answered outside the VE
combined with biophysiological measurements [18], eye
tracking [32], etc.

An early work on usability evaluations in virtual environ-
ments was performed by Bowman et al. [2]. Apart from its
detailed overview on possible evaluation methods, an impor-
tant issue is raised in this work: a facilitator interacting with
the participant, e.g. by talking to the participant, can influ-
ence presence. Thus, ideally there should be no interaction
between the participant and the facilitator during the tasks.
If presence needs to be measured, then asking questions ver-
bally during the experience might not be suitable.

Another important issue, for all kinds of user evaluations
and not specific to VR experiences, is that post-experience
assessments rely on memory recall and thus might be inac-
curate or incomplete [4, 15, 32]. One solution could be to
use only objective measures within the VR environment (i.e.
biophysical signals, eye tracking, task completion time etc.).
However, as argued by Tcha-Tokey et al. [35], subjective
measurements are used to understand the user’s point of
view and thus applying only objective measurements is not
sufficient for capturing the holistic UX.

Furthermore, it is crucial for scientific experiments to
consider the influence and effects of the design of measure-
ments on the collected data. In related work, the influence
of web-based questionnaires versus paper—pencil question-
naires has been studied. On the one hand, data reported
by De Beuckelaer and Lievens [10] provides strong indi-
cation for measurement equivalence between internet and
paper—pencil surveys, and Davidov and Depner [9] con-
cluded based on a study comparing online and paper—pen-
cil questionnaires that “the methods of measurement are
essentially invariant” [9, p. 20]. On the other hand, Kelly
et al. [19] found significant differences between electronic
questionnaires and paper—pencil questionnaires as well as
the interview mode. In the domain of subjective workload
assessment different methods were compared using a variety
of indicators [16]. This study focused on usability aspects of
the methods e.g. the acceptance of the methods by operators.

A main contribution of this paper is insights into the
design space of integrating questionnaires in VE. Espe-
cially the mounting position of user interface elements in
VE needs consideration. Fagerholt and Lorentzon [11] dis-
cussed the design space for user interface elements in games.
The authors defined two dimensions: fictional versus non-
fictional and spatial versus non-spatial. In the present work,
we follow the dimensions proposed by Fager-holt and Lor-
entzon [11] when investigating different mounting positions.

In the Quality of Experience (QoE) community, evalu-
ation designs that require multiple ratings of a large num-
ber of samples are used. Therefore, approaches for using
in-situ ratings have been proposed. For example, Buch-
inger et al. [5] investigated the usage of data gloves for
rating time-continuous media in subjective multimedia
assessment. In the subjective assessments of immersive
360-degree images, Upenik et al. [36] used a “3D immer-
sive voting menu” embedded in the virtual environment.
Although the voting menu has a similar aim to the VR
questionnaire, the design and its possible effects on data
gathered through the voting menu are not reflected in their
work.

Of high relevance is the recent work of Schwind et al.
[29], who investigated the influence of presence in VR
questionnaires and compared it against a similar electronic
questionnaire administered outside of the VE. The authors
concluded that answering questionnaires inside VR does
not influence presence and can increase consistency of
questionnaire data.

In Regal et al. [24], we described the first technical
implementation of a questionnaire asset for Unity. Build-
ing on this work we want to thoroughly investigate the
usage of such a questionnaire in VR and the effects on
ratings and user experience. To the best of our knowledge,
a comparison of an immersive questionnaire embedded in
VR against a paper—pencil questionnaire and the influence
of both modes on presence measurements have not been
analyzed so far. Further, the UX, suitability and optimal
design of an immersive questionnaire embedded in VR
have not been investigated in related work so far. There-
fore, this work provides first insights into the design space
of an immersive questionnaire embedded in VR.

Setup and methodology

In order to answer the research questions, we conducted
two separate studies: one study comparing user experi-
ence ratings assessed by means of traditional paper—pencil
questionnaires with a rating interface embedded in the VE,
and a second study for comparing different VR question-
naire interfaces and VR questionnaire environments. Even
though the study designs differ, the studies shared a vari-
ety of components such as the developed VE, the tasks
the participants had to fulfil, and the technical setup. As
each study took on average 80 min, combining both stud-
ies would have led to strong fatigue of the participants and
with that to unreliable results. The components that both
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Table 1 Experimental tasks

Task ID Name Description

Move benches Navigate along a path marked with colored dots, disable the raycast beam and then grab benches and move them to

Navigate along a path marked with colored dots and plant trees on defined spots by selecting a tree in a menu and

planting the tree by pressing the trigger button. Increase/decrease the avatar size to also plant trees with different

Task 1
different marked spots
Task 2  Plant trees
avatar sizes
Task 3 Take pictures
controller
Task4  Move cars

ent marked spots

Navigate along a path marked with colored dots and take pictures at defined spots by pressing the wheel button on the

Navigate along a path marked with colored dots, disable the raycast beam and then grab cars and move them to differ-

studies have in common will be explained in the follow-
ing section.

Virtual environment

The VE used in both studies is a realistic 3D model of a
university campus and the surrounding environment. For
implementation of the immersive VE, the game engine
Unity1 was used, which allows interaction with the virtual
environment and easy integration of fully immersive head-
mounted displays (HMD).

To ensure that participants have a similar experience
with the system, we implemented a series of standard tasks
(see Table 1 for a description of each task). The tasks were
defined to cover the most common 3D interface interaction
techniques: selection and manipulation, travel and system
control (cf. [3]).

VR rating interface

Although different modalities for implementing a question-
naire (voice based, 3D interfaces, etc.) are possible, we
decided to use a 2D graphical user interface (GUI) for the
following reasons. On the one hand, 2D GUIs are familiar
to users from interaction with standard desktop programs
and this reduces complexity for novice VR users. Also, 2D
GUIs are comparable with electronic questionnaires and
from a technical point of view 2D GUIs can be easily inte-
grated with existing survey frameworks, such as limesurvey.”
Another important reason is that they can be compared to
paper—pencil questionnaires.

Therefore, in this work we used a questionnaire asset for
VE which we developed, the VRate asset [24]. The VRate
asset (available as an open source project here: http://vrate
.tech-experience.at/) provides a questionnaire interface for

U https://unity3d.com.
2 https://www.limesurvey.org.
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The task was easy to complete.

Disagree

Fig.2 M1 hand-mounted: P1 in-scene

Fig.3 M2 head-up display: P1 in-scene

integrating a questionnaire into an immersive VE with Unity.
The VRate asset consists of a user interface canvas that can
be manipulated with a graphic raycast beam attached to the
right hand controller [17]. We proposed that users operate
the beam for teleportation and for questionnaire interaction
with the right hand, yet participants were allowed to switch
controllers if another mapping was preferred. For triggering
actions (e.g. button press) the controller’s physical trigger
button was used. For details we refer to Regal et al. [24].
Pressing a button provided acoustic feedback through loud-
speakers and vibrational feedback from the controllers.


http://vrate.tech-experience.at/
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l Are you feeling uncomfortable?

No Yes

Fig.4 M3 billboard: P1 in-scene

Please rate your experience!

Very bad

Very good

Fig.5 Separate virtual questionnaire environment

We extended the VRate asset that provides a billboard-
like rating canvas with further mounting positions for the VR
questionnaire to investigate the best positioning of a ques-
tionnaire in a VE (RQ3), following the dimensions proposed
by Fagerholt and Lorentzon [11]. The following mounting
positions were added: M1) Hand-Mounted (Fig. 2): ques-
tionnaire attached to the controller; M2) Head-Up Display
(HUD) (Fig. 3): questionnaire attached to the users head
camera and thus always in sight; and M3) Billboard (Fig. 4):
questionnaire displayed in a static position in the VE not
affected by the user’s movement. Each position has func-
tional advantages and disadvantages (e.g. readability, vis-
ibility, focus of attention). For example M2 HUD is easily
visible but blocks the field of view, M3 Billboard requires
effort from the user to position themselves in front of it, M1
Hand-Mounted might be ignored by the user, etc. Thus, we
assume that each position has a different effect on user expe-
rience, which we aim to investigate in this work.

To investigate whether questionnaires mounted to posi-
tion M1, M2 or M3 should be embedded in the same or in a
separate virtual environment (RQ4), we defined two place-
ments of the VR questionnaire:

e PI1: In-Scene, where the questionnaire is displayed in the
same VE where users completed their tasks (e.g. Fig. 2)

e P2:in adedicated virtual room where users are teleported
after each task (Fig. 5).

Technical setup

We used a commercial off-the-shelf VR system, the HTC
Vive (https://www.vive.com). To control the avatar in the
VE, we used the HTC Vive controllers. We decided to use
the HTC Vive, as its controllers offer an intuitive way of
interacting with our system and the tracking, especially the
possibility for walking around in VR, called room-scaling,
is very promising. The study was conducted at two loca-
tions. In the tx.Lab of the AIT Austrian Institute of Technol-
ogy GmbH, the tracking area was 3 X 4 m. The HTC Vive
was used with an Alienware gaming PC with the following
specifications: Intel Core 17-5820K 3.8 GHz, 16 GB RAM,
NVIDIA GeForce GTX 980 Ti with 6 GB DDRS. In the
Quality and Usability Lab of the Technical University of
Berlin, the tracking area was 2.5 X 4 m. The HTC Vive
was used with a gaming PC equipped with an Intel Core
i7-7700K 4.2 GHz, NVIDIA GeForce GTX 1070 graphics
card, and 16 GB of RAM.

Adjustment and training

At the beginning of each experiment, the HTC Vive HMD
was adjusted to fit the participant comfortably. This action
was followed by an introduction to the HTC Vive and a
training session. Participants received a verbal explanation
by the study facilitator on the different interaction possibili-
ties the virtual world provides. This included an explanation
of buttons, which were as follows: (1) trigger: index fin-
ger used to execute actions such as teleportation or moving
objects; (2) select: big round selection button at the thumb to
select trees. Additionally an icon was shown on the interface
to change the avatar perspective (increase/decrease size of
avatar) or to select a photo camera (see Table 1 for descrip-
tion of Task 2 and 3); (3) menu: small menu button (above
the touchpad) to switch between interaction modes (tree,
camera, nothing). After the explanation, participants could
try out the controls during a training session. In this session
they learned how to move in the virtual world; how to move
objects; to plant trees; to change the height of the camera;
to take a photo; and finally how to answer the questionnaire
within the VE.

Within the training scenario the following interaction
options were possible: locomotion by movement (walk-
ing within the tracking area); locomotion by teleportation
with a raycast-beam; grabbing and moving objects; planting
trees; taking a picture; enlarging and reducing avatar size;
and interacting with a Ul canvas. Participants could perform

@ Springer


https://www.vive.com

5 Page6of13

Quality and User Experience (2019) 4:5

each interaction as often as they wanted during training. If
the participant felt confident enough, the training was ended
and the participant had to take a 5 min break.

Comparison of the VR rating interface
with paper-pencil questionnaires

This experiment investigated whether questionnaires admin-
istered in virtual environments and paper—pencil question-
naires administered in the real world environment elicit dif-
ferent responses.

Study design

We used the IGroup presence questionnaire (IPQ), which
was designed to measure sense of presence in virtual envi-
ronments [25]. The sense of presence, i.e. “the subjective
experience of being in one place or environment, even
when one is physically situated in another” [27], was con-
sidered to be an important aspect of the UX as it is influ-
enced significantly by the visual representation of the virtual
environment. The IPQ, initially developed in German, has
been validated in two large studies with approximately 500
participants.

The questionnaire has three subscales and one global
presence rating. The subscales are as follows [28]:

e Spatial Presence the sense of being physically present in
the VE

e [nvolvement measuring the attention devoted to the VE
and the involvement experienced

e Experienced Realism measuring the subjective experi-
ence of realism in the VE

After training, the participants first performed the 4 tasks
indicated in Table 1 and rated their experience using either
the VR Questionnaire (implemented with the VRate asset)
in the VE or a paper—pencil version in the real world for all
four conditions. Then, the participants performed the tasks
again using the other rating method. The order in which the
tasks and the rating methods were presented was counterbal-
anced to account for any possible learning and order effects.

Participants

The user study was conducted in the labs of TU Berlin. A
total of 27 people participated (13 participants were women).
The average age was 29.92 years (SD 6.86 years, min. 18
years, max. 47 years). Participants were recruited from the
participant database of TU Berlin and received remuneration
for taking part in the study.

@ Springer
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Fig.6 Mean values of presence, spatial presence, involvement and
experienced realism for all participants and tasks (benches, trees, pic-
tures, cars). Error bars denote the 95% confidence interval
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Fig.7 Mean values of presence, spatial presence, involvement and
experienced realism for all participants and rating method (paper—
pencil and in VR). Error bars denote the 95% confidence interval

Twelve participants had no prior experience with VR, five
described themselves as VR beginners, eight as advanced
VR users and one as VR expert.

Results

A repeated measures ANOVA was conducted with the inde-
pendent variables task (cf. Table 1—benches, trees, pictures,
and cars) and rating method (paper—pencil and in VR) and
the dependent variables presence, involvement, experienced
realism, and spatial presence (IPQ dimensions)—see Figs. 6
and 7.

For the global presence, the ANOVA did not yield a
significant difference for the rating method (F, 5 = .20,
p=.65, né = .01). The mean values for global presence are
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very similar for both rating methods (Paper—pencil: M =
4.59, SE .16; VR: M = 4.54, SE .14).

Additionally, there were no significant differences for
global presence and the different tasks (F3 75 = 1.70,
p=.17, 11(23 = .06). The average values for global presence
are similar for all tasks (benches: M = 4.50, SE .17; trees: M
=4.57, SE .20; pictures: M = 4.78, SE .13; cars: M = 4.43,
SE .19). For the spatial presence there were no significant
differences for the rating method (F(],%) =2.84, p=.10,
né = .10). The mean values for spatial presence are simi-
lar for both rating conditions (Paper—pencil : M = 4.49, SE
.14; VR: M = 4.37, SE .13). Furthermore, there were no
significant differences for spatial presence and the different
tasks (F 75) = 2.60, p = .06, 11(2] =.09). The average values
for spatial presence are similar for all tasks (benches: M =
4.35, SE .15; trees: M = 4.46, SE .13; pictures: M = 4.60, SE
.14; cars: M = 4.32, SE .17). For involvement a significant
difference for the rating method (F; 55, = 13.53, p = .001,
r/é = .342) was found. The mean involvement was higher for
the condition pencil and paper (Paper—pencil : M = 3.52, SE
.21; VR: M = 3.28, SE .20).

Additionally, there were no significant differences for
involvement and the different tasks (F; 75y = .06, p = .98,
né = .01). The mean values for involvement are similar for
all tasks (benches: M = 3.40, SE .21; trees: M = 3.37, SE
.20; pictures: M = 3.42, SE .20; cars: M = 3.42, SE .25).
For experienced realism, no significant differences for the
rating method (F(; 55 = .07, p = .79, ng, = .01) was found.
Additionally, there was no significant differences for experi-
enced realism and the different tasks (F(5 75, = 2.36, p = .08,
r/é = .08). The mean values for experienced realism are sim-
ilar for all tasks (benches: M = 2.82, SE .19; trees: M = 2.67,
SE .18; pictures: M = 2.86, SE .19; cars: M = 2.51, SE .22).

VR rating interface comparison

In the first study we could successfully show that question-
naire answers in VR lead to similar ratings as as question-
naires answered using paper—pencil (RQ1). Therefore, we
conducted a second study to answer the remaining research
questions.

Study design

In the second study, we followed a mixed study design. We
investigated the VR questionnaire mounting position (M1,
M2, M3) as within-subject factor and placement environ-
ment (P1, P2) as between-subject factor.

Our experiment followed the hereby described procedure.
First participants had to read information and sign a let-
ter of consent. Afterwards, participants were given a short
explanation of the VR hardware (tracking area, controllers,

and head mounted display). Subsequently, participants
performed the training tasks described in “Adjustment and
training” section.

After the training was completed, the experimental part
of the study started. Participants were asked to perform tasks
(Table 1) in the VE and rate their experience afterwards
using the VR Questionnaire (implemented with the VRate
asset). Due to the similarity of task 1 and 4, in this study
only the task 1, 2, and 3 were performed by the participants.
The number of conditions was reduced to avoid fatigue of
the participants. Consequently, the duration of the second
study was similar to the one of the first study. After a partici-
pant finished the task, the written information “Task Com-
pleted” was displayed in the VE. The message was triggered
by the facilitator if the task was completed. Afterwards, the
participant was allowed to freely explore the environment
for the remaining time. This procedure was chosen to ensure
that every participant spent roughly the same time in the
VE. Five minutes after the task started, the VR question-
naire was displayed to the participants inside the immersive
environment.

After each task, the VR questionnaire was presented to
the participant in a different mounting position (M1, M2,
M3) . The order of mounting positions was counterbalanced.
The VR questionnaire was placed either in the VE (P1) or in
a dedicated rating room (P2). The placement was kept con-
stant for each participant and varied between participants.
Additionally, we logged the time participants needed to fill
in the VR questionnaire.

When all tasks were completed, participants were
instructed to take off the HMD and to answer two post-
experience questionnaires displayed on a tablet device in
the real world. To answer RQ2, we used the UMUX [12]
questionnaire to measure the user experience when answer-
ing the VR questionnaire. For RQ4, we used the ITC SOPI
[20] questionnaire to measure immersion and presence.

Subsequently, participants were asked qualitative ques-
tions on how they perceived the questionnaire. The follow-
ing questions were asked : (1) “Did you like the implemen-
tation of the questionnaire in the virtual environment?, (2)
“Did you encounter any problems using the questionnaire
in the virtual environment?” and (3) “Did you experience
problems with the legibility of the questionnaire in the vir-
tual environment?”” Furthermore, participants were asked to
rate each mounting position (M1, M2 and M3) on a 7-point
Likert scale from 1 very bad to 7 very good: (4) “How did
you like the following methods: Hand, anchored on the con-
troller, Head Up Display, anchored in the field of view and
Billboard, static position in the environment”. Additionally,
participants were asked to order the mounting positions
according to preference: (5) “During the course of the test,
you have experienced three different questionnaire variants.
Please rank the variants in descending order according to

@ Springer



5 Page8o0f13

Quality and User Experience (2019) 4:5

71 . M1 Hand Mounted . M2 Heads Up Display . M3 Billboard

P1 In-Scene P2 Dedicated Environment

Fig.8 Mean rating of how much participants liked the mounting
positions (scale 1: very bad to 7: very good) of the questionnaires
using the different implementations. Error bars show 95% within-sub-
ject confidence intervals (cf. [8])

your personal preference (place 1 = your favorite)”. Finally,
we asked how the questionnaire affected their VR experience
and if they would have preferred an alternative placement
(P1 or P2) or a paper—pencil questionnaire outside the VE.

For qualitative data analysis, we used deductive category
assignment following the procedure suggested by Mayring
[22]. The answers in the interview were categorized into
themes and subsequently counted how often such themes
occurred. Due to the number of participants (n = 48) we will
not provide participant identifiers for the themes, but report
only the absolute count.

Participants

The user study was conducted at the AIT and QU Labs. A
total of 48 people, 24 people in each lab, participated. 25
participants were women. The average age was 28.12 years
(SD 5.96 years, min. 18 years, max. 52 years). Participants
were recruited via Facebook and from institutional partici-
pant databases. Participants received remuneration for taking
part in the study.

Regarding computer experience, most participants
described themselves as advanced users (34 participants) or
experts (10 participants), with only 4 participants describing
themselves as beginners. Nine people had no prior experi-
ence with VR, 32 described themselves as VR beginners, 6
as advanced VR users and one as VR expert.

Results
Rating of questionnaires

Participants were asked to rate each mounting position on a
7-point rating scale (Fig. 8), which served as the independent
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>

P1 In-Scene P2 DedicatedEnvironment

Fig.9 Mean task completion times for filling in the questionnaires.
Error bars show 95% within-subject confidence intervals (cf. [8])

variable (RATING). Two-way ANOVA with mounting posi-
tion (M1 Hand, M2 HUD, M3 Billboard) as within-subjects
factor and environment (P1 In-Scene, P2 Dedicated Envi-
ronment) as between-subjects factor was used to analyze
the data.

For the analysis, a repeated measure ANOVA was con-
ducted. Mauchly’s test confirmed that the assumption of
sphericity was met (p = .15). The ANOVA shows a sig-
nificant main effect for mounting position (F, oy, = 4.82,
p = .01, 11(2} = .07) and no significant results for the second
factor environment (F; 45, = 2.65, p = .11, né =.02) and
the interaction effect (F, ;) = .08, p = .92, né = .01). Post-
hoc analysis with paired-samples t-test and Bonferroni-cor-
rected p values shows that M3 Billboard was rated signifi-
cantly better than M1 Hand (p,q; = .01), with no significant
differences between the two other possible combinations M3
Billboard—M2 HUD (p,q; = .15) and M2 HUD—M1 Hand

(padj = 1.
Task completion time

The overall time needed by the participants to complete the
post task questionnaires (each consisting of three questions)
embedded in the virtual environment in the different test
conditions was logged to compare task completion times
with the different mounting positions (M1, M2, M3). Fig-
ure 9 shows an overview of the required time in the different
test conditions.

The ANOVA yielded no significant differences, neither
for mounting position (F(z’go) =1.12, p = .33, 11(23 = .01) nor
for the environment (F; 45, = .32, p = .57, 3 = .01). Due
to technical problems with the logging software data from
one participant is not available. Mean task completion time
was 14.16 s (M1 Hand), 15.70 s (M2 HUD), 15.29 s (M3
Billboard) in the in-scene condition and 12.47 s (M1 Hand),
14.26 s (M2 HUD), 15.34 s (M3 Billboard) in the dedicated
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Table2 Number of mounting position and placement preferred by
the participants

BB HUD Hand Scene Room
Scene 11 4 9 21 3
Room 11 7 6 16 8
Total 22 11 15 37 11
54 S . . L100

P1In-Scene P2 Dedicated Evironment

d 1 Tl

3 I I I I +60
, & I ] Lo

Score

Negative Spatial UMUX
Effects Presence

Engagement Naturalness

Fig. 10 Scores on the different ITC-SOPI scales (1...5) and UMUX
(0...100). Error bars show 95% confidence intervals (between-sub-
jects)

environment. It is noteworthy, when analysing the logged
user behaviour, that the mounting position which was rated
worst (M1 Hand) had the shortest completion time.

Preference for methods

When asking which method participants would prefer, a
similar pattern emerged with 22 participants preferring M3
Billboard, 15 participants M2 HUD, and only 11 participants
preferred M1 Hand. An interesting trend is shown when
cross-tabling the preferred environment (Table 2). Whereas
almost all participants who used the questionnaires in the
scene also stated that they would prefer this method, the pat-
tern for the participants that used the dedicated questionnaire
environment is different: Here only two-thirds of participants
would prefer the in-scene method. We think these results
might be explained by a familiarity bias.

Presence and user experience

Presence was measured using the ITC Sense of Presence
Inventory (ITC-SOPI), which distinguishes between four
different dimensions of presence. Figure 10 shows that the
scores are almost identical for the two environments, and
statistical analysis using ANOVA did not find significant
differences for any of the presence dimensions (Engage-
ment: Fj 4 = 0.39, p =.54; Naturalness: Fj 45, = 0.16,

p = .69; Negative Effects: F(1’46) =0.01, p = .95; Spatial
Presence: F(; 4, = 0.42, p = .52). This is an indication that
the two questionnaire environments influenced the presence
in a similar way. Also, the results for user experience (as
measured by the UMUX) are very similar. As can be seen in
Fig. 10 the means of the different scales are almost identical,
and 95% confidence intervals do strongly overlap. ANOVA
does not show any significant effect of the environment on
the user experience measured by the UMUX (F(; 45, = 0.72,
p = .40).

Interview

When looking at the ranking order, M3 Billboard was most
often ranked first place followed by M2 HUD and M1 Hand,
which was most often ranked third place. Thus, overall we
can see a tendency in preference for M3 Billboard over M2
HUD. In the interview different explanations for this prefer-
ence were provided.

For M3 Billboard, 11/48 participants mentioned that it
felt most realistic, due to its static position in the VE. To
quote one participant: “The Billboard was placed realisti-
cally in the space, you could position yourself optimally
and see the surroundings well.” In contrast 5/48 partici-
pants stated that a static billboard is not flexible as it stays
in the same position and can be “lost” when moving away.
For example, one participant mentioned that “the Billboard
could be lost, which is a bit impractical in some scenarios.”
And a further participant mentioned: “A disadvantage is that
you have to search for the billboard first”.

Another advantage mentioned by the participants is that
the billboard allows for looking away and is not attached to
the body, thus it was perceived as less annoying (10/48). As
stated by one participant: “With the billboard it is my “deci-
sion” to look at it and work with it.” Also, 9/48 participants
liked that the billboard allows for active positioning to opti-
mize readability and usability. In contrast, 5/48 participants
stated that active positioning is cumbersome. 4/48 partici-
pants stated that the billboard is boring.

For M2 HUD, 17/48 participants stated they preferred
that the questionnaire is placed directly in the field of view
and thus cannot be overlooked and does not need active posi-
tioning, as for example mentioned by one participant: “HUD
is in Ist place because it was obviously visible and the posi-
tioning was automatic”. In contrast, 15/48 participants stated
that placement of the VR questionnaire in the field of view is
annoying. For example, a participant stated: “I felt less free
and it’s like a board in front of your head.” One participant
mentioned “With the HUD you couldn’t look around any-
more and it was therefore unnatural.” 3/48 participants stated
that the HUD is little effort. A disadvantage mentioned by
3/48 participants is that the HUD moves during answering
due to involuntary head movement.
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Similarly, for M1 Hand 11/48 participants mentioned
problems with raycast due to involuntary movement of the
hand. Also, 8/48 participants criticized that two hands are
needed for interaction. 3/48 participants stated that M1
Hand is most intuitive and flexible and 4/48 participants
mentioned positively that the questionnaire is attached to the
avatar, but is less obtrusive than the HUD. 4/48 participants
reported that they had difficulty noticing when the hand
questionnaire was displayed. For example, one participant
stated: “The hand questionnaire would be better if it became
better noticeable. Since I didn’t notice the hand question-
naire I ranked it in 3rd place.”

Regarding placement of the questionnaire (in-scene envi-
ronment vs. dedicated environment) no significant differ-
ence in the scales of ITC SOPI was found, but most partici-
pants (38/48) stated that they would prefer answering the
questionnaire inside the same VE. 17/48 participants stated
that switching the environment would break immersion and
12/48 participants mentioned a negative effect due to the
(sudden) teleportation and the need for orientation in the
new questionnaire environment. For example, one partici-
pant stated that “[...] it would irritate me to be automatically
teleported without warning. The constant getting out of the
scene will also affect the experience”.

8/48 participants stated that in a neutral environment no
new experiences are likely to influence the answers, and 2/48
stated explicitly that inside the same VE more distraction is
likely to occur. “I prefer the room because there’s less dis-
traction.” one participant said. One participant mentioned
that “no new impressions overwrite the old ones”.

Discussion

In this section we discuss the gathered insights from our
comparison of virtual and paper—pencil questionnaires
and how to design questionnaires embedded in VE. Sub-
sequently, we discuss limitations of our research and draw
implications for future work.

RQ1: Comparison VR questionnaires versus paper-
pencil

To compare the ratings performed in VR and paper—pencil
questionnaires, the scales of the [PQ were compared within
participants for both rating methods. We found no significant
differences for global presence (rating method and tasks).
Similar results were achieved for spatial presence and expe-
rienced realism. For involvement there was a significant dif-
ference between the two different rating methods. Involve-
ment ratings were higher for ratings performed with paper
and pencil in the real world. We assume that this could be
due to the fact that the questions on the IPQ involvement
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scale aim to measure how e.g. aware/attentive participants
are towards the real world (“I was not aware of my real envi-
ronment.”). By asking questions like this while participants
were still in VR, the attention of participants was directed
towards the real world and therefore also resulted in lower
average involvement ratings. This also correlates with recent
work from Schwind et al. [29], who also found no influence
for measured presence for in ratings administered within and
outside VR environments.

In general, it seems that the ratings gathered in VR are
comparable to the rating gathered via paper and pencil.
Questions and rating scales that directly divert the attention
away from the VR experience have to be interpreted care-
fully when gathered in VR.

To verify the results of the first study we included the
question “Would you have preferred to answer the question-
naire outside the immersive VE on paper” in the interview in
the second study. In the interview we found clear evidence
that answering the questionnaire inside the VE is preferred
as only 2 of 48 participants would have preferred to answer
the questionnaire outside the VE on paper. As an explanation
participants mentioned mostly comfort (fitting and remov-
ing the HMD is uncomfortable and cumbersome) and that
switching to reality for answering questions would disrupt
immersion and experience. The two participants that would
have preferred a questionnaire outside the VR mentioned
that a break from VR would have lessened strain especially
for lengthy VR evaluations.

RQ2: UX of the VR questionnaire

Overall the VR questionnaire was received well by the par-
ticipants. The results of the UMUX questionnaire for both
conditions (inside the scene and outside the scene) were very
positive (> 80 cf. Fig. 10) thus this suggests that the VR
questionnaire was perceived as easy to use.

Also, in the qualitative interview hardly any problems
regarding usability when interacting with the VR question-
naire were reported. Mostly, the implementation of the slider
rating mechanism was criticized by participants (6/48).
Readability was also perceived well by the participants,
only 3/48 participants (slightly) agreed with the question
“Did you have problems with readability of the question-
naire in VR”.

Thus, regarding RQ2 (Are questionnaires in an immer-
sive virtual environment perceived as practical by users?) we
can summarize that, overall, answering questionnaires in VR
was a positive experience for the participants. This is espe-
cially important as a negative experience when answering
the VR questionnaire, for example due to interface design
issues, can negatively influence the overall VE experience
and thereby the user scores gathered through it.
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RQ3: Mounting position of the VR questionnaire

Regarding RQ3 “What is the best mounting positioning of
a questionnaire in an immersive virtual environment?” (M1
hand-mounted, M2 Head Up Display or M3 Billboard), we
found that M3 Billboard was rated significantly better than
M1 Hand.

A strong benefit of M3 Billboard was that it is perceived
as real and natural and thus integrates well into the VE. The
possibility to look away and ignore the billboard was seen
as a benefit. In contrast, the billboard can also be overlooked
or lost. We suggest that in evaluations where realism is most
important M3 Billboard should be used, although evalua-
tors need to be aware that billboards can be more easily
overlooked or ignored than the other mounting positions.
Although, M3 Billboard was rated best, all mounting posi-
tions are rated positively in the interview (score 5 to 7 in the
7-point rating scale). Thus we also think the other options
(M1 Hand and M2 HUD) are suitable to use if they fit the
desired experimental setup better than M3 Billboard.

M2 HUD was often criticized as too annoying as it is
stuck in the field of view and does not allow looking away.
On the other hand this can also be considered as a benefit as
it is highly visible and cannot be lost (in comparison to the
billboard). If the user is required to answer a questionnaire
immediately, it is preferable to position the questionnaire
as a HUD, as it must be answered to continue doing other
tasks in a practical manner. Possible issues with readability
(suggested by VR design guidelines—although not found in
this study) can be minimized if the distance to the HUD can
be actively chosen by the user or is personalized beforehand.

M1 Hand cannot be lost and does not block the field of
view. This is a clear benefit that makes this mounting posi-
tion especially useful if the questionnaire does not need to be
answered immediately and it can also be carried around by
the user. Also, M1 Hand allows the user to explore their sur-
rounding if this is important for answering the questionnaire.
On a negative side, participants stated that it is cuambersome
to use both hands, and some participants did not notice that
the questionnaire was displayed as the hand was outside their
field of view. We suggest that vibration or acoustic feedback
is provided when the questionnaire is displayed.

For the mounting positions M1 hand 11/48 participants
reported difficulty when aiming with the raycast, as the
questionnaire moved due to involuntarily movement of
the hand when trying to perform an action. Interestingly,
some participants did not notice (initially or at all) that the
questionnaire can be moved by moving the hand, which led
to uncomfortable postures when filling out the question-
naire. Difficulty aiming with the raycast was also reported
for M2 HUD but not as often and not as severe. As a pos-
sible solution answering the VR questionnaire could also
be implemented in another way, for example non-raycast

based interaction, such as direct touch or using controller
buttons. For comparability we intentionally used raycast for
all 3 mounting options in this study. M1 Hand could benefit
particularly from other interaction methods, an aspect which
needs to be investigated in future work.

RQ4: Placement of the VR questionnaire

Neither an effect on the ITC SOPI scales (spatial presence,
engagement, ecological validity/ naturalness and negative
effects) nor a difference in interruption of experience in the
interview was found. This is a notable finding as this is in
contrast to our initial assumptions and also in contrast to the
preferences reported in the interview.

In the interview only 10 of 48 participants stated that
they prefer a separate questionnaire environment. With a
dedicated environment sudden teleportation is an issue, and
in-scene questionnaires are perceived as less disruptive. A
benefit of the dedicated questionnaire environment is that
there are fewer distractions, and the user can focus com-
pletely on the questionnaire.

Therefore, we suggest that embedding the VR question-
naire in the same environment should be preferred, however
a dedicated questionnaire environment could also be chosen
if it is more suitable for the desired evaluation design. In
terms of technical implementation, a dedicated question-
naire environment can be implemented as a separate scene
in Unity and thus integration requires less effort than inte-
grating a questionnaire asset inside a scene. Therefore, due
to easier implementation, we suggest using a separate virtual
questionnaire environment in study designs where multiple
different scenes are evaluated, for example in QoE studies
(cf. [26]) where different scenes with different renderers are
evaluated.

Limitations and future work

This work is a first step towards investigating the design
of VR questionnaires embedded in fully immersive VE.
Although we have gathered promising results, some ques-
tions remain open for investigation in future work.

A certain limitation is the number of participants in the
evaluations. We included 27 participants in the first and 48
participants in the second study. While, this is a suitable
sample size to gather first insights, more evaluations are
needed to confirm the results and suggestions presented in
this paper. Another limitation is the VR equipment (HTC
Vive) used, the virtual 3D environment used and the type
and number of tasks (cf. [14]) conducted by the participants.
It is possible that other 3D environments and/or other tasks
could have stronger effects on the conducted measurements,
especially for presence.
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Also, it is uncertain whether questionnaire inside VR can
result in better data quality. For example, although measure-
ments of visual quality can be done directly in the scene
without the need to remember the quality in post experiment
assessment our first study shows no difference in data qual-
ity for the measured construct presence (subscales: global
presence, spatial presence, and experiences realism) between
paper—pencil and questionnaire inside the VE. Nevertheless,
similar to De Beuckelaer and Lievens [10] large scale evalu-
ations are needed to compare data quality from the VR ques-
tionnaire against paper—pencil or electronic questionnaires
administered in the real world. Therefore we would like to
emphasize that the VRate asset for Unity [24] is open source
(available at http://vrate.tech-experience.at/) and can be used
by other researchers to investigate the issues addressed in
this work.

Another possible limitation is the current implementation
of the VRate asset. In this work we decided to use a 2D user
interface with graphic raycast interaction. Although this is
a common form of interaction in VE, a broad range of other
interaction modalities for 3D user interfaces exist (cf. [3]). In
future work, other implementations of interaction modalities
for VR questionnaires should be investigated. Immersive VE
also has the potential to build playful VR questionnaires,
similar to playful web surveys proposed by Harms et al. [13],
Takhtamysheva and Smeddinck [34].

A further possible limitation is that a repeated measures
(within-subject) design was used in the first study. Between
versus within-subject design is an often debated issue in
scientific literature (cf. [6]), as there are benefits for both
approaches. In the first study we aimed to investigate the
influence of environment on the scales itself. As we wanted
to eliminate possible interpersonal effects we conducted a
within-subject study with repeated measures of the same
construct (presence). In the second study we aimed to inves-
tigate the influence of questionnaire placement on global
presence experience, therefore we used a between-subject
design, and thus evaluated twice the number of participants
compared to the first study.

Summary

In this work, we presented first insights into the design of a
questionnaire embedded inside a virtual environment. We
extended the VRate [24] questionnaire asset and compared
it against a classic pencil and paper approach. Moreover,
we investigated user experience and perceived suitability of
answering a VR questionnaire inside an immersive VE. We
also investigated the effects of different design decisions like
mounting position and placement.

We found that the ratings gathered in VR are comparable
to the ratings gathered in the real world by pencil and paper
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questionnaires (subscales: global presence, spatial presence,
and experiences realism). Also, we found a strong indication
that participants preferred answering questionnaires inside
the virtual environment, mostly due to greater comfort as
questionnaires can be completed without removing the head
mounted display. Also, the questionnaire inside the virtual
environment was perceived as easy to use. Regarding mount-
ing position, there is a tendency that billboard is preferred
although other positions (hand-mounted or head up display)
might be suitable as well, depending on the desired goals.
Based on the gathered insights, we have discussed pros and
cons of the different placement and mounting options and
provide suggestions for future implementations of question-
naires embedded in virtual environments.
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