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ABSTRACT

Questionnaires are among the most common research tools
in virtual reality (VR) user studies. Transitioning from virtu-
ality to reality for giving self-reports on VR experiences can
lead to systematic biases. VR allows to embed questionnaires
into the virtual environment which may ease participation
and avoid biases. To provide a cohesive picture of methods
and design choices for questionnaires in VR (INVRQ), we
discuss 15 INVRQ studies from the literature and present a
survey with 67 VR experts from academia and industry. Based
on the outcomes, we conducted two user studies in which
we tested different presentation and interaction methods of
INVRQSs and evaluated the usability and practicality of our
design. We observed comparable completion times between
INVRQs and questionnaires outside VR (OUTVRQS) with
higher enjoyment but lower usability for INVRQS. These
findings advocate the application of INVRQS and provide an
overview of methods and considerations that lay the ground-
work for INVRQ design.
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INTRODUCTION

The notable rise of a new generation of virtual reality (VR) sys-
tems in recent years opened up new methods and interventions
for researchers across many different areas. These range from
highly immersive stimulus-response studies [36,60] over spa-
tial navigation [147,175] and embodied cognition [149, 154]
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to exposure therapies [47,56, 146], exercising [165,202], edu-
cation [18, 104], work collaboration [7,97], and other forms of
social interaction [5,99]. Typically, mid- and post-experience
measures are collected via subjective responses on question-
naires [103]. Furthermore, the development and evaluation
of VR experiences for entertainment or serious purposes also
frequently relies on questionnaires. To fill out conventional
paper- or computer-based forms, the subjects need to take off
the head-mounted display (HMD) and change the domain from
virtual to physical reality [83]. This often leads to temporal
disorientation and loss of sense of control [91]. Accordingly,
questionnaire results are likely biased to a degree that is dif-
ficult to quantify and likely varies from case to case. Such
undetermined bias is highly problematic for many types of
research and evaluations.

In contrast to the physical domain, alternate reality technolo-
gies allow for the embedding of questionnaires directly into
the environment. While the transition from VR to answer-
ing, for example, paper-based questions presents a drastic
change of context, embedding question-items in VR offers
an opportunity to stay closer to the context of an ongoing
exposure than out-of-VR research setups and avoid a break
in presence (BIP) [83, 137]. Especially for measures where
the self-reporting needs to be administered as soon as pos-
sible after the treatment and may be especially sensitive to
differences in study setups, such as common measures for
presence [155], immersion [82] or flow [35, 183], it appears
crucial to give careful consideration to the interaction modali-
ties around delivering question-items and gathering responses
in order to foster the adequate interpretation of individual
research outcomes and for fostering replicability.

Schwind et al. observed a higher consistency of self-reported
presence when administering questionnaires in VR. The au-
thors highlight that the effects of using questionnaires in VR
are unclear, pointing out that the commonly applied measures
were not validated for VR studies [159]. These considera-
tions motivate our investigation on questionnaire practices in
contemporary VR user research. We investigate whether au-
thors employ comparable terminology and reflect their choices
with regard to questionnaire presentation and response collec-
tion mechanisms. To date, VR user research does not have
a shared range of common administration procedures, well-
defined classification schemes, or standardized toolkits for
presenting questionnaires in VR user studies that could guide



such considerations and make it easier to contrast against otheof question is more exploratory and allows for a broader under-
work. standing of phenomena [103], while also requiring more effort
from the respondents. Survey methodologies received much
attention in the literature and their advantages or drawbacks
are widely explored [13, 17, 163Reliable(consistency of the
measurement) andhlidated(measuring the right construct)
guestionnaires are vital for reproducible and consistent re-
RQ1How are questionnaires and individual question-items search [17]. Choi and Pak [32] list 3 groups of potential biases:
applied in contemporary VR user research? design of the questiouestionnaire desigrandadministra-
RQ2What are the considerations around — and possible ad- tion. Question design covers the effects of poor wording, such
vantages of — administering questionnaires in VR? as double-barreled questions, negative phrasing or wording
RQ3What are appropriate design choices for presentation that enforces choices [12,32,103]. Biases of questionnaire
and interaction with in-VR questionnaires? design are due to formatting and length of the surveys [4, 32]
. .. _,..aswell as length and structure of the questions [23]. Context-
To approach the research questions, we conducted: (i) a I't'dependent forgetting [1, 58] due to environment change [136]

erature review ofl23publications on VR user studies, (i) @  pi5ses the responses. We argue that especially in immersive
survey with74 VR experts, (iii) a preliminary design study 1o - gcenarios, a series of random errors can be minimized through

compare different presentation and interaction methods, (iv) a consjstent administration of questionnaires. Notably, these
user studlym— 38) of a revised iteration of our in-VR questlon—h. considerations on questionnaire design are typically contex-
haire tool, comparing it to a on-screen response system. Thisy 51176 against paper-based or screen-based questionnaires

aggregated examination of the literature review and expert . considering aspects around BIPs or switching between
survey allows us to extract a detailed picture of proceedings of yifrerent realities [159].

VR user research, compensating for incomplete reporting in

publications and for sampling effects [123]. Based on these in-

sights, we iteratively implemented an in-VR questionnaire tool Moving Between Virtual and Physical Reality

and applied it in 2 user studies to investigate design optionsWhen individuals are deeply engaged with an activity or ab-

and effects of questionnaire administration in VR. sorbed in a virtual environment (VE), they completely block
, i out the world around them [35]. Brown and Cairns [26] identi-
This work focuses on self-reporting methods. Other more ¢ 3 |evels of immersion in games as a scale of involvement:

objective measures (e.g. behavioural or biosignals) provide(i) engagementhe lowest level of immersion, (i@ngross-
more reliable data [79] and are_less likely to be.aﬁected by ment when players become emotionally affected by the VR
BIPs. We also did not take qualitative analyses into account g, (iii) total immersionwhere players are detached from
since the procedures differ notably from quantitative studie_s.rea"ty_ This phase is also associated with empathy for the
By providing a coherent survey of questionnaire methods in characters in the game and transfer of consciousness [150] and
VR through a literature analysis, expert interviews, and an em-js jinked to the state of ow [35]. A sudden interruption or
pirical investigation of in-VR questionnaire\VRQ) designs, transition between realities can invoke negative feelings and af-
our research can inform the discourse around questionnairget the emotional state [91]. Accordingly, assessing presence
methods in VR research, structure design considerations oryring immersive experiences results in more reliable measure-
VR user research and also inform the design and implementayents [21, 49]. In contrast to immersion, presence is a state of
tion of practical questionnaire toolkits that are relevant to both mind, describing the feeling of being part of the VE [82, 201].

To build an understanding of the current practices and to lay
the groundwork for future efforts around developing practi-

cal toolkits, we based this work on the following research

questions:

research and industry. Presence relies on involvement and immersion [201]. When
“returning” from a state of presence in VEs, a real world task
STATE OF THE ART is impaired to the degree of immersion and one's ability to

Due to its immersive nature and a wide variety in technical re-engage with the “real world” is decreased [82,171].

setups, VR with HMDs requires careful deliberation by re- . - .
searchers aiming to conduct studies with human subjects. InNUS, leaving the VE is likely to interrupt the presence percep-
tion. Schwind et al. [159] investigated the effect of lling out

this section, we review methods and practices for question- . S e ) . . .
naires in human-subject research followed by a considera-2 guestionnaire directly in VR. They replicated their lab in VR

tion of the VR-speci ¢ technicalities around moving between 2nd asked participants to Il out presence questionnaires in

worlds and their effects on question asking. physicgl reality and in VR a_lfter exposi.ng participants to a VE
at varying degrees of realism. Schwind et al. could not nd

signi cant differences of presence between the 2 questionnaire
modalities. However, the data revealed a lower variance and,
thus, higher consistency of the data when the questions were
answered in VR. This is in line with evidence from the litera-
‘ture that support the assessment of questions in VR [83, 91].

Questionnaires in Human Subject Research

Questionnaires are an important source of information for
evidence-based research [12, 45, 103]. They embody self
reports and therefore gather the participants' subjective expe
riences [45]. Question types in surveys can be divided into
unstructured and structured questions [144]. Structured quesFrommel et al. observed a signi cant effect on presence when
tions allow for a clear classi cation of the responses (see [152] questionnaires are integrated in the game context [53]. Simi-
for a more detailed discussion), while unstructured or open-larly, Shute discussed how to embed questionnaires into games
ended questions allow the subjects to respond freely. This typewithout disturbing the game ow [169]. These considerations



With Q, not reported: [2,15, 16, 20,27, 30, 31, 33, 34,38, 42, 43;59, Interaction Presentation Questionnaire (Extent)
54,63,6%70,73-76,86,89,90,92,93,95,101, 1a97,109-111, 115,117,

[6] Gamepad n.a. well-being [44] (S1)
120,122,124126,136-132,134,135,139143,145,151,156,164,167,173, i :
174,178-181, 184186, 188,190, 192, 193, 195, 199, 200, 204] [28] ~ Gamepad HUD (Fig. 1b)  well-being [44] (SI)
OUTVRQS: [3,8,29,77,84,94,98,114,121,138,157,162,176,177,187, [37] ~ Orally HUD custom (MI)
191,196,197 [44] Gamepad World (Fig. 1e)  well-being (SI)
INVRQs: [6,28,37,44,55,66,85,100, 108, 127, 148, 158—160, 198] [55] n.a n.a. presence rating [21] (SI)
Without Q: [9,11,19,22,40,59, 71,91, 133,153,182, 194, 205] [66] VR controller World well-being [44] (SI)
Table 1. Overview of all papers reviewed, organized by whether a ques- [85] VR controller HUD (Fig. 1a)  custom (SI)
tionnairé was used and hpovf/) it was reser’nedg Y a [100] VR controller World custom (Sl)
P [108] Full body n.a. IAT [64] (MI)
[127] VR controller World (Fig. 1d) NASA-TLX [72] (MI)
. . [148] Freehand n.a. custom (Ml)
can guide the choice of adequate levelgwfbeddednesand [158] Freehand World (Fig. 1c) PQ [201] (MI)
a general decision whether to remain in VR or to exit VR [159] VR controller World (Fig. 1f)  SUS [189], IPQ [155],
when asking study participants to respond to questionnaires or ' PQ [201] (MI)
individual question-items. [160] Freehand World (Fig. 1c)  PQ [201] (MT)
[198] Freehand Body (Fig. 1g) PANAS [96] (MI)
LITERATURE REVIEW Table 2. Examples ofiNVRQSs with their realization (interaction and

= l . hed in digital librari 10 presentation), the questionnaire used and its extent (multi-items (MI) vs.
or our literature review we searched in digital libraries [10, single-item (SI)), if reported in the publication (n.a. otherwise)

80] that host proceedings of high quality conference series
about human-centric methods and VR applications. Namely,

we scanned ACM CHI, ACM CHI PLAY, ACM VRST, followed by freehand interaction (e.g. Leap Motion or Mi-
IEEE VR and IEEE 3DUI for the years 2016-2019. We de- crosoft Kinect) 85) and general purpose input devices (e.g.
liberately chose this timeframe to gain consistent insights on game controller, keyboard, mouse, stylus, smartwatch, and
contemporary resarch methods and the release of the HTQouch screen) (25).

Vive in June 2016 [78] substantially changed HMD use in VR _ .

user studies. The search included publications until July 2019,Questionnaire Assessment . . .
considering papers categorized with any of the keywords “vir- +100ut of 123 papers report having used questionnaires in
tual reality”, “head mounted display”, “virtual environment”, their VR user studies. Since the use of VR devices entails de-
“user study”, and “questionnaire”. Only papers with abstracts SI9" decisions regarding the presentation of questionnaires and
that mention a VR application with HMDs and explicitly men- individual question-items, we surveyed the documentation of

tion some form of evaluation with users or empirical user study Such decisions in the respective papers:1aD do not report
were added to the list. how they presented the questionnaires to their ud&papers

report that the participants lled out the questionnaire after
In total, we reviewed and evaluatéd3research papers, see leaving the VE but do not describe whether they used paper-
Table 1. The papers are organized following whether they useor screen-based questionnair&S.papers report on the usage
questionnaires for measurement or not. We also categorizecf INVRQs — either for the whole question asking procedures
the different representations of questionnaires: in-VR ques-in the user-study (3) or in combination witUTVRQs (12).
tionnaires (NVRQ), out-VR questionnaireoUTVRQ) and
those who did not include a report of the presentation method.Cases of In-VR Questionnaires

15 papers report the use o VRQs. Some describe the de-
Analysis sign in more detail. Figure 1 depictsdifferent realizations
To investigate common procedures of questionnaires in VR 0f INVRQs. Kang et al. (Fig. 1a) used a 2D heads-up display
user research, we analyzed both the system design and thé1UD) overlay with a single question about the user's motion
study design. We paid special attention to the treatment of perception between multiple trials in their VE [85]. The user
questionnaires or individual question-items and to the descrip-interface (Ul) shows a single question with a multi-line ques-
tion regarding transitions between VR and physical reality. tion text and 3 buttons for answering choices. As input device,
Further, we looked at the nature of the VR experience. Thesethey used a native VR controller [85]. Schwind et al. (Fig. 1c)
factors were considered as discriminatory for VR user researchincluded the full 32-item PQ [201]. The participants stayed
from classic, less immersive interventions. Each paper wasin the VE for the whole duration of the study: on average
examined by 2 of the authors. Disagreements were resolved86min[160] and75min[158]. The authors designed a 3D

in discussions. oating Ul which appears in front of the subjects showing a
one-line text instruction andlitems on 7-point Likert-scales.
Uses of VR Hardware Users select answers and navigate the questionnaire with free-

Established desktop VR devices, such asthe HTC \6& (  hand gestures using a Leap Motion [158, 160, 161]. In another
and Oculus Rift 42), are most commonly used in the pa- study, Schwind et al. (Fig. 1f) placed single questions on pres-
pers reviewed followed by mobile device powered HMDs, e.g. ence on a virtual PC in the VE, with which a user interacts
Samsung Gear VRO[ and Google Cardboard), 3 publi- with the trackpad of a VR controller [159]. Oberdérfer et
cations did not report the device used. The input modalities al. (Fig. 1d) presented the NASA-TLX [72] using a virtual
and devices used in the VR applications are mainly native world-referenced representation of the paper-based version.
VR controllers (e.g. Oculus Touch, HTC Vive Controlle4Bf The users interacted using a VR controller with pointing [127].
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