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ABSTRACT
Cinematic Virtual Reality has been increasing in popularity over
the last years. Watching 360° movies with head mounted displays,
viewers can freely choose the direction of view, and thus the
visible section of the movie. In order to explore the viewers’
behavior, methods are needed for collecting and analyzing data.
In our experiments we compare the viewing behavior for movies
with spatial and non-spatial sound and tracked the head
movements of the participants. This work-in-progress describes
two approaches of spatial statistics – analysis of Space Time
Cubes and Getis Ord Gi* statistic – for analyzing head tracking
data.
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1 INTRODUCTION
In Cinematic Virtual Reality (CVR) the viewer is inside the
scene, and can freely choose the direction of view. Accordingly,
the viewer determines the visible section of the movie, while in
traditional movies the filmmaker chooses the shown part. In our
work we examine where the participants are looking without any
search tasks. We investigate if they follow several cinematic cues
such as sounds and movements and compare the viewing
behaviour for movies with spatial sound and non-spatial sound.
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To explore this, we logged the head movements of the participants
and visualized them in several ways. In a first step, we generated
heatmaps for finding clusters in the data. However, heatmaps are
not sufficient for inferential statistics to make statements about
confidence. Therefore, statistical methods are needed for
determining the significance of the clusters – for identifying
hotspots. The term hotspot is used in the literature in different
ways. In our work, a hotspot is a cluster with high values
identified by statistical methods using confidence levels. In our
dataset, the value is the number of views in a space-time segment.
Nielsen et al. [17] compared a moving firefly with forced rotation
and no guidance. Using a questionnaire, they figured out that the
firefly was more helpful than forced rotation. Furthermore, the
results demonstrate that forced rotation may decrease the
presence. For determining which cues attract the attention of the
viewer and which can change the viewing direction, we decided
not to use questionnaires. Instead, the head direction was
recorded and evaluated to obtain more precise results.
Several researches investigated head movements for still images
[21,25,4]. In our studies the images are varying continuously,
which needs a new approach for analyzing. Additionally, we
determine significant hotspots by spatial statistic methods.
The collected data are spatiotemporal data – data which have a
space and a time component. This type of data is often used in
geographical researches, so we applied some methods of spatial
statistics which are used in geography: Space Time Cube analysis
and hotspot analysis using Getis-Ord Gi* statistic.
Space Time Cubes (STC) were introduced by Hägerstrand in 1970
[10]. The use of STC for analyzing geographical data has been
studied in [12,13,9]. The method is also applicable for
investigating movements [2,5,6] or eye tracking data [1,15]. In our
work we adapt this method for analyzing head tracking data of
users watching CVR videos. For the inferential statistics part we
used the Getis-Ord Gi* statistic. This method was established by
Getis and Ord [8,18] for analyzing spatial data. Songchitruksa et
al. [24] used the Getis-Ord spatial statistic for identifying
hotspots.

AVI 2018

2 SPATIAL ANALYSIS AND STATISTICS
2.1 Space Time Cubes
A method of investigating spatiotemporal data with two space
coordinates is to analyze Space Time Cubes (STC). In these cubes
two coordinates represent the space and the third one the time.
With this technique the data can be visualized and explored in a
comfortable way. Using GIS software (Geographic Information
System) we inspected space time cubes showing the counts of
incidents – in our case “how often” users looked at a certain area
segment within a specific time frame, as shown in fig. 1. Two STCs
were generated, one for the data with spatial sound and the other
one for non-spatial sound.

Figure 1: The space time cubes for both groups (left: movie
with spatial sound, right: movie with non-spatial sound)
In this way we could see for every time interval (we used 1s)
where the most views are. However, the correlation between the
points (in space and time) were not taken in account in this step.
For this it needs the hotspot analysis.

2.2 Getis-Ord Gi* Statistic
For finding statistical significant hotspots, methods of spatial
statistics can be applied. These methods take into account the
neighbor relations between the space-time segments in the STC.
The collected data are point incident data. Point incident data are
points connected to an event – in our case the viewer looked to
this point. We were interested in significant clusters. To find such
clusters, we used the Getis-Ord Gi* statistic [8]. This statistical
method requires values for the investigated points. In order to use
this method, the incident data were aggregated and incident
counts established. The incident counts - in our case the number
of views in a segment - are the attribute values which are analyzed
by the method. Using the spatial statistic tools of the ArcGIS Pro
Software again, we generated STCs displaying hotspots (fig. 2).
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For every point in the STC the p value can be displayed by doubleclicking on the point. The p value represents the probability that
the observed pattern was created randomly. A small p value
means that the pattern is most likely caused by a cluster. Segments
with p values smaller than 0.01, which means 99% confidence, are
displayed in red.
With this method we compared the two data sets. We changed the
time slices step by step by a slider (fig. 3) and compared the
hotspots generated by using spatial sound with the hotspots
generated using non-spatial sound.

Figure 3: A slider is used to navigate in the STC by changing
the time slice.

3 USER STUDY
For our study we utilized a 9:26 min 360° movie (“Crossing
Border”) made by young filmmakers. This movie was produced
with spatial and non-spatial sound and contains many cues for
guiding the viewer, for example speaking persons, movements
and sounds. The participants sat on a swivel chair while watching
the movie using a head mounted display (Samsung Gear VR with
Samsung Galaxy S6) and headphones. After watching the movie,
a short unstructured interview followed.
Our study relied on a between-subject test design. The movie was
shown to two groups. The first group (20 participants aged
between 23 and 65, mean=31.5, 10 women and 10 men) watched
the movie with spatial sound, the other group (20 participants
aged between 21 and 67, mean=34.7, 8 women and 12 men) with
non-spatial sound. Each group included 6 participants watching
CVR for the first time, and 3 experienced participants. The other
participants used CVR occasionally. There was no special task for
the participants.

3 FUTURE WORK AND CONCLUSION

Figure 2: The space time cubes with significant hotspots for
both groups, (left: movie with spatial sound, right: movie
with non-spatial sound)
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Our next step is to describe and discuss the results of the user
study. The outcomes can be used for integrating cues in a movie
for guiding the attention of the viewer to things which are
important for the story.
Further investigations are necessary to explore the viewers’
behaviour in Cinematic Virtual Reality. Methods of spatial
statistics are suitable to assist in these researches.
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