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Figure 1: Questionnaire environments in the virtual scene, in the virtual lab, and in the real lab.

ABSTRACT

1

Presence in virtual reality (VR) is typically assessed through questionnaires in the real world and after leaving an immersive experience. Previous research suggests that questionnaires in VR reduce
biases caused by the real-world setup. However, it remains unclear
whether presence questionnaires still provide valid results when
subjects are being surveyed while the construct is perceived. In a
user study with 36 participants, two standardized presence questionnaires (IPQ, SUSa) were either completed in the real lab, in
a virtual lab scene, or in the actual scene after a virtual gaming
experience. Our results show inconsistencies between the measurements and that main scores, as well as subscales of the presence
measures are significantly affected by the subjects’ environment.
As presence questionnaires have been designed to be answered
after an immersive experience, we recommend revising those tools
for measuring presence in VR.

Designers of virtual reality (VR) experiences seek for creating a
consisting sense of presence – the feeling of being or acting within
an environment even when one is physically situated in another
place [6]. Thus, to create immersive experiences and to assess the
quality of any VR setup, it is important to measure presence [10]. Researchers primarily use standardized and validated (pen-and-paper)
post experiment questionnaires to measure presence [6, 12, 14, 15].
Those presence questionnaires are typically presented after the VR
experience and in the real world. As leaving the VR after using
an head-mounted display (HMD) requires removing the headset
and causes a state of disorientation and confusion while “returning”
to the real-world [1, 3, 8], the procedure increases the probability
that confounds interfere with the subjective ratings on items of
presence questionnaires [4]. Participants are not able to ignore the
mediating technology, novelty effects, and excitement can potentially compromise the results in human subject studies [17]. Thus,
it is conceivable that the typical procedure of measuring presence
compromises the measure when subjects leave the VR in order to
fill in those questionnaires and inevitably go through a so-called
“break-in-presence (BIP)” [13].
In a between-group user study, two standardized questionnaires
were either completed in the real lab, in a virtual lab scene, or in
the scene, in which the experience – a virtual archery game – was
being perceived. In addition to the conditions used by Schwind et
al. [8], participants were surveyed during the immersion (without
scene change) and BIPs were triggered to modulate presence using
external cues. Our results show that the main scores, as well as subscales of two standardized questionnaires (IPQ, SUSa) are affected
by the environment, in which the questions have been answered.
The ratings significantly differ and even reveal contradictory scores
among the conditions. We conclude that presence questionnaires
show inconsistent results when being answered during the actual
experience compared to results measured after a scene change or
in the real world. Possible reasons for inconsistencies of integrated
questionnaires can be found in the formulation of the items and
that the sensation of presence should only be assessed after the
experience has happened.
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METHOD

We conducted a VR user study, to investigate the validity of current
standardized presence measures. We used the three independent
variables (IVs) Scene Realism (SR), BIP, and Questionnaire Environment (QE). The within-subject variables SR and induced BIPs
were used to modulate presence scores of standardized questionnaires, while QE (Figure 1) has been operationalized to determine
if the surrounding environment affects the presence scores. SR
consisted of the two levels realistic and abstract, while BIPs using
external auditory cues from the real world were either presented or
not. In line with previous work [8], QE was used as between-subject
variable that served to counteract potential order effects, so that
all participants completed their questionnaires either outside the
VR (real lab), inside the VR (virtual lab), or inside the virtual scene.
SR and BIPs were counterbalanced and used as within-subject variables. We recorded if participants recognized a transition from the
virtual to the real world using the verbal Transition-to-Reality Instructions [2, 11, 16] by Slater and Steed [13]. Questionnaire scores
were obtained using the igroup presence questionnaire (IPQ) as well
as the Slater-Usoh-Steed questionnaire (SUSa) and were completed
in the corresponding environment. NASA-Task Load Index (TLX)
and the System Usability Scale (SUSb) after each experiment were
used to assess if the workload and the perceived usability score
differ between the environments.
We developed an archery game to facilitate an immersive VR
experience with Unity3D. The VR setup consisted of the Oculus Rift
CV1 components with two position tracking sensors, two Oculus
Touch controllers, and the HMD. Each participant held the left
Oculus Touch controller to adjust the bow and the right one to
spawn and shoot an arrow by pressing a button. After seven minutes
of performing the archery game, the participants had either to take
off their HMD or to stay in the VR to complete the questionnaires
in the virtual environment. In all cases, they used the Oculus touch
controller to navigate through the questionnaires and to select their
answers. We recruited 36 participants (18 f, 18 m), from 20 to 54
(𝑀 = 27.9, 𝑆𝐷 = 9.9) via mailing lists of our institution as well as
social networks.
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RESULTS

A mixed-design three-way ANOVA showed significant main effects
of SR (𝑝 = .003), BIP (𝑝 < .001), and a significant interaction effect
of QE × BIPs (𝑝 = .017) on the IPQ scale. Further effects were not
found (all with 𝑝 > .062). Bonferroni-corrected pairwise t-test
comparisons revealed that the IPQ scores obtained in the virtual
lab (𝑝 = .001, 𝑑 = 1.104) as well as real lab (𝑝 = .019,𝑑 = .544) were
able to determine significant differences between the two BIP levels,
however, not when participants were tested in the virtual scene (𝑝 =
1, 𝑑 = .240). The tests only revealed significant differences between
the two levels of SR in the virtual scene (𝑝 = .044, 𝑑 = −.729).
IPQ subscales were also affected. An ART ANOVA [18] revealed
a significant main effect of SR (𝑝 = .01) and BIP (𝑝 = .031) on the
general presence (GP) subscale of the IPQ questionnaire. There was
also a significant interaction effect of QE × BIP (𝑝 = .002). Further
main or interaction effects were not found (all with 𝑝 > .134).
Bonferroni corrected pairwise Wilcoxon rank sum comparisons
between both BIP levels were significant within the virtual lab
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(𝑝 = .006, 𝑑 = −.991). Furthermore, main effects were found for
SR (𝑝 = .034), QE (𝑝 = .032), and BIP (𝑝 = .016) and SR × QE
(𝑝 = .047) on spatial presence (SP). The involvement (INV) subscale
of the IPQ was significantly affected by BIP (𝑝 < .001). Further
main or interaction effects on the INV subscale were not found (all
with 𝑝 > .116). As excepted SR, (𝑝 < .001), and BIP, (𝑝 = .003),
significantly affected the realism (REAL) subscale of the IPQ. We
also found an interaction effect of SR × BIP (𝑝 = .038). Further main
or interaction effects were not found (all with 𝑝 > .083).
There was a significant three-way interaction effect (𝑝 = .032)
on the SUSa scale. Bonferroni corrected pairwise comparisons on
factor interactions (using the phia package in R) were not able to determine between which combinations of conditions the three-way
interaction effect occurred. Further, participants did not report on
any BIP when no BIPs occurred. Thus, the statistical analysis were
performed on conditions, in which participants experienced any
BIPs. A two-way ANOVA revealed a significant main effect of SR
(𝑝 = .034) on the number of BIPs. Further main or interaction effects
were not found (all with 𝑝 > .555). A one-way ANOVA revealed a
significant effect of the TLX score (𝑝 = .039), however, Tukey’s test
was not able to reveal any significant differences between the three
levels of QEs (all with 𝑝 > .062). A one-way ANOVA revealed no
significant effect of QE (𝑝 = .086) on SUSb.
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DISCUSSION

The findings in our study revealed a “methodological circularity” [5].
Scales and subscales of two standardized questionnaires were significantly affected by the surrounding VR environment, in which
the questionnaires have been completed. Thus, a virtual environment compromises the subjective ratings and leads to contradictory
results as participants are not able to ignore it. The inconsistencies
become particularly evident through the interaction effects with
the environment. Significant differences were though found in the
virtual and real lab environments, however, with higher effect sizes
in the virtual lab conditions. Interestingly, the IPQ main scores
obtained in the virtual scene were not able to differentiate between
the two BIP levels. In contrast, significant changes in scene realism
could only be revealed in the virtual scene but not after switching
into a virtual lab or through leaving the VR. Considering the results
within each environment they are plausible for its own, however,
taking into account where they have been obtained indicates that
surveying participants in the VR does not lead to the same results
as in the real world.
Standardized questionnaires have been designed and employed
before VR user interfaces allowed the integration of surveys during
the experience. The results of our study support the finding that
they do not provide valid results when they are being integrated
into the VR. We conclude that they must be revised and optimized
for surveying subjects during their perception of presence. Inconsistencies of presence questionnaires integrated into the VR raise
fundamental questions about the actual construct. We assume that
questionnaires do not measure the construct but the contrast of a
subjectively perceived quality of an experience of the virtual world
compared to previous experiences from the real one. For this reason,
researchers measure, for example, reduced presence while experiencing less realistic avatars [7, 9], even when participants accept
the illusion and should, therefore, feel present.
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