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A BSTRACT
A large body of literature has analyzed differences between perception in the real world and virtual environments (VE) in terms
of space, distance and speed perception. So far, no empirical data
has been collected for time misperception in immersive VEs to our
knowledge. However, there is evidence that time perception can
deviate from veridical judgments, for instance, due to visual or auditive stimulation related to motion misperception. In this work we
evaluate time perception during walking motions with a pilot study
in an immersive head-mounted display (HMD) environment. Significant differences between time judgments in the real and virtual
environment could not be observed.
Index Terms: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems—Artificial, augmented, and virtual realities
1 I NTRODUCTION
While differences in the estimation of distances, speed, spatial relations etc. between virtual reality (VR) environments and the real
world have been observed in many different experiments [9, 15],
the estimation of time in immersive virtual environments (IVEs)
has not been considered to our knowledge. So far it is unknown
whether or not systematic time contraction or expansion occur in
IVEs. Experimental studies of time perception in the field of psychology have shown that estimates of stimulus durations do not always match their veridical time intervals, and can be affected by a
variety of different factors [3]. Since the absolute time cannot be directly measured at any given moment, the brain is often assumed to
estimate time based on internal biological or psychological events,
or external signals [4]. Exogenous cues from the local environment have been found to have an effect on endogenous biological
clocks [8]. It is possible that differences in exogenous time cues
between the real world and IVEs have an effect on internal human
time perception. In particular, system latency is known to change
the perception of sensory synchronicity [13] and can degrade the
perceptual stability of the environment [1].
Space and time are interdependent phenomena not only in
physics, but also in human perception [4]. Helson keyed the term
tau effect for the phenomenon that the variation of the time between spatial events can affect judgments of their spatial layout
(cf. [5, 7, 12]). For instance, Helson and King [5] observed for a
tactile estimation experiment that stimulating three equidistant surface points p1 , p2 , and p3 with ||p2 − p1 || = ||p3 − p2 || at points
in time t1 , t2 , and t3 for different durations ||t2 − t1 || > ||t3 − t2 ||
that subjects judge the distance between p1 and p2 as longer than
between p2 and p3 . The kappa effect [2] denotes the phenomenon
that the variation of the spatial layout of events can affect judgments of their temporal layout [4, 11]. They observed for a visual
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bisection task that three successive flashes at spatial points p1 , p2 ,
and p3 for different distances ||p2 − p1 || > ||p3 − p2 || for points in
time t1 , t2 , and t3 with ||t2 − t1 || = ||t3 − t2 || that subjects judge the
duration between t1 and t2 as shorter than between t2 and t3 .
2 P ILOT S TUDY
In this section we describe a pilot study in which we evaluate misperception of walking time in an IVE.
2.1 Participants
10 subjects participated in the study (1 female and 9 male, ages
21−36, M=27.4, SD=6.0). The total time per subject was 1 hour
and 30 minutes. Subjects were allowed to take breaks at any time;
short breaks after every 30 trials were mandatory.
2.2 Material and Methods
Since there is no clear notion of a discrepancy between elapsed time
in the real world and VR that could be compared simultaneously
with a two-alternative forced-choice task (2-AFCT), we measured
values for time estimation separately in the IVE (i. e., with HMD)
and in the real world (i. e., without HMD). The trials in the IVE
started with an initial stimulus phase in which subjects were presented with a view on an Oculus Rift HMD to a virtual replica 3D
model of our laboratory. We tracked the subject with a WorldViz
PPT-X4 tracking system. When they felt ready to start, subjects
pressed a button on a Wii remote controller, which caused a short
acoustic signal, and then walked at their own pace in the direction
of a virtual target marker that we displayed at eye height at 10m
distance. A second short acoustic signal was displayed after subjects had walked over a time interval that we varied between trials.
Then, subjects answered a 2-AFCT question (see below), and were
guided back to the start position of the next trial. We replicated the
same setup for the trials in the real world without the HMD.
For each trial subjects walked over a time interval that was
scaled relative to a reference time. Therefore, we apply time gains
gt ∈ R+
0 to determine a subject’s walking interval in each trial, describing the relation between the trial’s interval and reference time.
For gt = 1 the trial’s interval Tv ∈ R+
0 matches the reference time
Tp ∈ {2s, 3s, 4s, 5s} with Tv = Tp · gt . In contrast, gains gt < 1 result in subjects walking over a shorter interval and gt > 1 in a longer
interval relative to the reference time. After walking the trial’s interval, subjects were asked to answer a 2-AFCT question: “Did you
move longer or shorter than # seconds?” with the # replaced by
the corresponding reference time. We used an interleaved staircase
approach [10] and applied gains in the range between gt = 0.4 and
gt = 1.6, i. e., the walked interval differed by up to ±60% from the
reference time. After answering the question, subjects were guided
back to the start position of the next trial. They did not receive
feedback about the elapsed time.
2.3 Results
Figure 1 shows the results for the tested within-subjects reference
times in the real world and VR. The x-axis shows the actual times,
and the y-axis shows the judged times. The vertical bars show the
standard error of the mean.

2.4 Discussion
The results show that subjects were able to perform the task in the
real world quite reliably without large errors, and that their judgments only slightly differed from the real world in the IVE. One
explanation may be the cumbersome instrumentation of the subjects as well as the weight of the HMD, which induces discomfort
and increases the task complexity, which might have resulted in a
longer perceived elapsed time. For instance, James [6] observed
that for time judgments the task complexity can cause misperception due to subjects losing track of elapsed time.
However, while we used a measurement protocol to assess time
judgments in this experiment that is similar to measures used to
assess distance and speed judgments [14], there are no established
measures or previous works on how to best assess time judgments
in VR. Those are challenging questions whether time misperception
occurs in IVEs and how perceptual differences could be assessed
with measures that are not based on counting seconds.
3 C ONCLUSION
In this work we have analyzed time perception in VR. While time
misperception in VR has not been considered so far, our initial results suggest that future research should also analyze on the factor
during self-motion perception, which may explain some differences
in space and speed judgments between the real world and IVEs. In
order to manipulate time in IVEs, one could scale the virtual time
relative to a reference time. For instance, one could manipulate different virtual time cues in IVEs in a subtle or overt way. One could
accelerate or decelerate virtual clocks in the view of the users, or
one could increase or decrease the time span of a virtual day, e. g.,
by making the sun move slower or faster. Both approaches may
have an impact on the user’s time estimation. However, the question
remains how to evaluate the estimation of time in an IVE without
only testing the subject’s ability of counting seconds. In the future
we will pursue these questions in more detail.
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In the real world subjects judged an elapsed time as matching
the reference time that was approximately 2.10s (gt =1.051, 5.1%
longer) for a reference time of 2s, 3.05s (gt =1.017, 1.7% longer)
for a reference time of 3s, 4.06s (gt =1.016, 1.6% longer) for a reference time of 4s, and 5.04s (gt =1.007, 0.7% longer) for a reference time of 5s. In contrast, for the experiment trials in the IVE,
subjects judged an elapsed time as matching the reference time that
was approximately 2.16s (gt =1.081, 8.1% longer) for a reference
time of 2s, 3.22s (gt =1.073, 7.3% longer) for a reference time of
3s, 4.24s (gt =1.061, 6.1% longer) for a reference time of 4s, and
5.23s (gt =1.046, 4.6% longer) for a reference time of 5s.
Over all reference times, subjects judged an elapsed time as
identical to the reference time that was approximately 6.5% increased (gt =1.065) in the IVE, and approximately 2.3% increased
(gt =1.023) in the real world. The difference between the PSEs in
the real world condition and the IVE indicates that times were overestimated in the IVE by approximately 4.2% compared to estimates
in the real world. Considering the PSEs of individual subjects, 7 of
the 10 subjects judged a longer elapsed time in the IVE compared
to the real world, whereas 3 subjects judged a shorter elapsed time.
We analyzed the results with a repeated measure ANOVA and
paired-samples t-tests. The results were normally distributed according to a Shapiro-Wilk test at the 5% level. The sphericity assumption was supported by Mauchly’s test of sphericity at the 5%
level. We found a significant main effect of reference time on the
judged PSEs in the real world (F(3, 27)=224.65, p<.001, η p2 =.961)
and in the IVE (F(3, 27)=169.14, p<.001, η p2 =.949). We observed
a trend for a difference between the judged PSEs in the real and
virtual world (t(9)=−1.98, p=.07). We observed no significant difference between the judged PSEs over all subjects and veridical
results with gt = 1 (t(9)=−1.49, p=.17).
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Figure 1: Results of the time estimation experiment in the real world
(gray) and virtual world (black). The horizontal axis shows the actual
times and the vertical axis shows the time judgments. The vertical
bars show the standard error of the mean.
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