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Abstract
Presence research heavily relies on empirical 

experiments involving subjects in mediated environments. 
Such experiments can be extremely resource intensive and 
produce very large amounts of data. As the presence 
community matures, we would like to suggest that data 
collected in experiments will be publicly available to the 
community. This will allow the verification of experimental 
results, comparing results of experiments carried out in 
different laboratories, and evaluating new data-analysis 
methods. In this paper we present the complete data set 
from a large-scale experiment that we have carried out in 
highly-immersive virtual reality. We describe the data we 
have gathered and give examples of the types of analysis 
that can be made based on that data.   

Keywords--- methodology, presence, virtual reality, 
physiology, GSR, ECG.  

1. Introduction 

Engineering practice places emphasis on reusable 
components and standardization. In Presence research 
technical standardization and reusable components, such as 
reusable virtual environments (VE) would be useful, but 
moreover, we can strive towards standardization in data 
collection and data analysis.  

This will serve the following goals:  
Researchers can test new methods of analysis without 
carrying out time-consuming experiments.  
Researchers who have experiments with huge amounts 
of data can rely on the community to assist in the 
analysis.
This will ensure high quality of experiments and 
publications. 
This will promote progress in presence methodology, 
by allowing a comparison of methodologies and 
research techniques. 
It would make it possible to compare results among 
different experiments, and even among experiments 
carried out in different labs.  
In this paper we present the complete data for an 

experiment we have carried out in a Cave-like system1. The 
experiment was large scale in that it included several types 
of measurements, including both quantitative data such as 
physiological measurements and qualitative data such as 

1 CAVE  is a trademark of the University of Illinois at Chicago.  
In this paper we use the term ‘Cave’ to describe the generic 
technology as described in [4], rather than to the specific 
commercial product. 

semi-structured interviews. The hypothesis and the results 
for this specific experiment are not of interest here. We 
describe the data itself and point to the analysis techniques 
we have used to analyze it. We suggest other techniques to 
analyze the same data, and some other types of data that 
may be used in the future.  

The IPQ group have already published data from 
presence experiments and encouraged other researchers to 
use it2. However, this only includes data from the IPQ 
questionnaire; we encourage publishing and sharing all 
types of data.  

Analyzing data is, of course, not unique to presence 
research. Research on evaluating VR usability in general 
may be relevant here (e.g., [2]). The unique characteristics 
of our research, as well as the research of many others in 
the presence community, is that we have different types of 
data generated by technical devices and computers, which 
are mostly detailed and accurate, and ultimately, their 
integration can allow us to “reconstruct” the subjective 
experience of the subject. One area which is similar in 
many aspects, and in which such reconstruction of 
experience is considered critical, is post-mission debriefing 
of air-force pilots (e.g., see [18]).  

The data for the experiment, as described in this paper, 
can be downloaded from: http://www.presencedata.info/. 
The data is organized in online tables. In the paper below 
we refer to the data by mentioning the table number; these 
can be accessed from the main URL above.   

2. The Experiment 

As mentioned earlier, in this paper we are not 
concerned with the specific hypothesis or with the results of 
the experiment; these are described elsewhere [12, 14, 25]. 
Rather, we describe the types of data collected and the ways 
to analyze them. In this section we provide an overview of 
the experiment goals and procedure.  

The overarching goal of the experiment was to 
investigate presence as a multi-level construct ranging from 
lower-level involuntary responses to higher-level subjective 
responses. Specifically, this experiment was designed to 
find physiological correlates to breaks in presence (BIPs) 
[3, 23, 24, 26]. However, note that the techniques 
mentioned in this paper should be appropriate for most 
presence experiments.  

Upon arrival, participants were given an instruction 
sheet describing the experimental procedure and the 
possible risks associated with using virtual reality 
equipment (including simulator sickness). They were asked 

2 http://www.igroup.org/pq/ipq/data.php 
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to fill out a consent form and a pre-questionnaire covering 
their age, gender, occupation, and previous experience with 
VEs and computer games.  

They were then led though to the Cave, where they 
were shown how to connect the electrocardiogram (ECG) 
and respiration sensors. Galvanic skin response (GSR) 
sensors were attached to their non-dominant hand, and they 
were asked to stand still in the Cave for a baseline reading.  
During this time, no images were displayed on the Cave 
walls.

Next, participants were asked to complete a brief 
exercise in a virtual “training” room designed to make them 
comfortable moving around the Cave. Once they felt 
comfortable, they were told that in a few moments they 
would find themselves in a bar, where they were asked to 
spend a few minutes until we told them it was time to come 
out. It was explained that they were free to explore the bar 
as they wished, and that afterwards we would be asking 
them questions about the experience. They remained in the 
virtual bar for the duration of two songs, approximately five 
minutes. Note that the virtual space of the bar was not much 
larger than the physical space of the Cave; this means 
subjects moved around the bar by walking rather than 
navigating with a wand. 

The bar contained five virtual characters: one barman, 
one couple standing near the bar on the right, and another 
couple seated on the left of the room. When approached by 
the participant, the characters would utter phrases 
suggesting that a celebrity was about to arrive. 

At four points during the experience, the walls of the 
Cave were blanked out, leaving participants in a completely 
white room for approximately 2 seconds. Two experimental 
minders observed them throughout, noting their bodily and 
verbal responses to the whiteouts. Participants’ autonomic 
responses were also monitored throughout. Figure 1 shows 
a participant in the bar environment, wearing the 
physiological monitoring equipment. 

Figure 1: Participant wearing the bio-sensors and 
VR goggles in the Cave. 

The experiment included two conditions. The main 
condition included 20 subjects and the goal was to try to 
detect, for these subjects, whether there is a physiological 
“signature” to the BIPs. A second condition included 10 

other subjects. They went through the same procedure as 
described above, but in addition they were given an 
explanation about BIPs, or “transitions to real”. They were 
trained to click a wireless mouse whenever they 
experienced a transition from the virtual world to the 
physical reality of the laboratory. During the experiment 
phase, they were asked to click the mouse whenever they 
had such a transition. The goal was to find out if it was 
possible to detect a physiological signature to these self-
reported BIPs.  

Immediately after the experience, and before taking off 
the equipment or leaving the Cave, participants were asked 
to answer two questions concerning their immediate 
impressions regarding their overall sense of “being in” and 
“responding to” the bar. 

Next, they were shown the video of themselves in the 
bar, and were asked to comment on anything that they 
remembered while watching the video. A semi-structured 
interview was conducted afterwards.  

The experiments were carried out in a four-sided Cave-
like system [4], which is driven by an Onyx IR2 with 4 
graphics pipes. Subjects were wearing Intersense IS900 
wireless trackers. The application was written on top of 
Dive [6, 27]. Physiological signals were measured using  
ProComp Infiniti by Thought Technology Ltd.  

3. The Data 

Analysis methods are typically classified into 
quantitative and qualitative methods. We do not undermine 
this distinction, but in this paper we find it useful to make 
another distinction: between data that is temporal and data 
that is not. 

3.1. Temporal Data 

It has been argued that rather than being a stable 
constant throughout the mediated experience, presence may 
vary over time [1, 16, 20]. Generally, we would like to be 
able to measure how presence varies over the duration of 
the experience, and how it is affected by specific events in 
the environment. Specifically, we encourage studying 
presence by looking at physiological data. One of the first 
studies to show that presence can be studied as an objective, 
measurable response, based on GSR and heart rate, was 
carried out by Meehan et al. [19].  

Ideally, all data could be placed on the same timeline, 
and visualized together. In this section we present these 
types of data independently, and in later sections we discuss 
possible ways to cross-analyze them.  

Most of the temporal data are generated digitally; the 
main challenge is synchronization. Accurate 
synchronization is critical for event-related responses, such 
as discussed in section 4.2. In our lab, we use the Virtual 
Reality Peripheral Network (VRPN)3 to synchronize among 
the data and the VR system. VRPN is an open software 
platform that is designed to implement a network-
transparent interface between application programs and the 

3 http://www.cs.unc.edu/Research/vrpn/index.html 
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set of physical devices (trackers, etc.) used in a VR system. 
VRPN was recently extended to support the ProComp 
physiological recording device. Using VRPN, all data 
generated during an experiment can be synchronized, sent 
over a network, and stored with uniform timestamps for 
later analysis.  

3.1.1. VE Events: In VR, and in fact in any type of digital 
media experience, it is possible to keep accurate logging of 
most meaningful events that take place during a session.  

First, events and actions carried out by the system can 
be easily logged by the application. In our experiment we 
recorded all the instances in which the virtual characters 
spoke. The data is included in Online Tables 1A and 1B.  

Second, events carried out by the participant typically 
involve some type of interaction device; such events are 
easily tracked as well. In our experiment, we have allowed, 
in one condition, for subjects to indicate breaks-in-
presence, using a wireless mouse device. The data is 
included in Online Table 1C. Typically, VEs would allow 
interactions of subjects with the VE; such events would 
similarly be tracked and logged. We did not record when 
participants speak, but this could be done in principle.   

The analysis of this type of data is typically useful for 
detecting event-related responses. For example, one can 
look at the physiological state of the participant whenever 
something happened in the VE; examples are given in 
section 4.2.   

3.1.2. Tracker data: In VR the participants are, typically, 
head tracked. This provides extremely useful information 
about their position and head direction at any moment. 
While theoretically they can be looking sideways, we 
expect this gives us a good approximation of what they 
were looking at, without the need to perform eye tracking, 
which is difficult in a Cave environment.  

The tracker data from our experiment is included in 
Online Table 2. Examples of this analysis are spatial 
analysis (see section 4.3) and event-related analysis (see 
section 4.2). We did not use head-tracker data to reconstruct 
what the subjects were looking at; this should be possible 
since the trackers include orientation information as well as 
position.  

3.1.3. Galvanic Skin Response: GSR, also sometimes 
called galvanic skin conductivity or Electro Dermal 
Activity (EDA), is measured by passing a small current 
through a pair of electrodes placed on the surface of the 
skin and measuring the conductivity level. In our 
experiment GSR was sampled at 32 Hz, and the signal was 
obtained from electrodes on two fingers.  

The GSR data for the two experimental conditions 
appears in appendices 3A and 3D. More details about GSR, 
and about analyzing GSR data from this experiment, can be 
found in Slater et al. [25]. Specifically, they show that the 
GSR parameters predict the occurrence of breaks in 
presence, using a method based on continuous wavelet 
transforms of the GSR signal.  

3.1.4. ECG: Several parameters can be extracted from 
ECG recordings. In addition to the obvious one – heart rate 
– the heart-rate variability (HRV) can be used to describe 
the physiological behavior of the participant, and an event-
related heart-rate response may be useful to study the 
reaction of the subject to an event (such as a BIPs).  

The ECG data for the two experimental conditions is 
provided in appendices 3B and 3E. The sampling rate is 
256Hz. Slater et al. [25] and Guger et al. [14] provide an 
analysis of the ECG, including a comparison of the training 
and experimental phases, comparison of social phobic and 
non-social phobic participants, and event-related ECG. 

3.1.5. Respiration: The respiration signal measures the 
inhalation and exhalation phases of the human subject. The 
signal can be used to extract the deepness and frequency of 
the respiration. The first step is to low-pass filter the signal 
with 10 Hz to remove noise components and movement 
artifacts. Then each zero crossing of the bipolar respiration 
signal is detected in order to calculate the frequency. Event-
related respiration changes around a BIP can be 
investigated. For example, it is possible to detect a change 
in deepness and frequency after the BIP. It is very common 
that the subjects hold their breath for a few seconds when 
the BIP occurs.  

The respiration also modulates the ECG signal with a 
frequency of about 0.1-0.2 Hz. This modulation effect must 
be considered when the ECG is analyzed; details can be 
found in Florian et al. [5].  

The respiration data for the two experimental 
conditions appear in appendices 3C and 3F.  

3.1.6. Video: The whole experiment session was 
videotaped for all subjects. In our experiment we used a 
Cave system where the projection takes place on three walls 
and on the floor. The camera was placed outside the Cave 
so that it captures the whole area of the Cave. This is useful 
to observe the subject’s motion throughout the physical 
space of the Cave, and also allows analyzing their main 
body gestures and postures. However, the subject is 
typically shown from the back. Generally, it would be 
difficult to pick up the subject’s facial expressions, given 
the relative darkness in the Cave and the fact that subjects 
wear VR goggles. We still recommend placing another 
camera that picks up the subject from the front; e.g., in our 
Cave setting, we could eventually place one on the top of 
the front Cave screen.  

The video can be used for testing hypotheses, for 
providing the experience to researchers who were not 
present in the experiment, and for later analysis of body 
language. A sample of the videos can be found in Online 
Table 4 and a copy will be sent upon request.  

3.1.7. Video interview: Following the experiment, the 
subject watched the video together with the experimenter 
and reflected on his or her experience. We have used this 
video interview to gain some insights for later exploration 
during the post-experiment interview. Ideally, this 
interview by itself should be recorded and provided with 
the data, because it provides a potentially insightful glance 
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into the subject’s experience when it is still fresh, and in a 
way that allows the subjective impressions to be temporally 
aligned with the experience.  

3.1.8. Additional measurements: In the future we hope to 
explore additional types of temporal data. Some 
experiments involve conversation, either among multiple 
subjects in a multi-user experiment or between a subject 
and a confederate. Recording such conversation and 
synchronizing it with the other types of data can be 
extremely useful. This is a specific rich type of VE events, 
as discussed in Section 3.1.1.  

Other types of physiological data can also be used. Our 
system now includes electroencephalograph (EEG) 
measurement as well; this was used for a brain-computer 
interface [10], but may also be used for post-experiment 
analysis. Similarly, it should be possible to analyze muscle 
activation in the form of electromyogram (EMG) recording. 
Such measurements are extremely useful for measuring 
emotional states4, and may be especially useful in VR 
where the subject’s face is obstructed by the VR goggles, 
which undermines video-based facial expression analysis.  

It is also possible to track body parts in addition to the 
head. Most VR systems include a wand device that is 
tracked. The VE of the bar room was such that no 
navigation using wand was required; walking in the Cave 
was enough. Thus, hand-tracking data for this experiment is 
not available. For some experiments it may be useful to 
include the wand, even as a simple tracking device; it may 
be possible to partially analyze hand and arm gestures. 
Naturally, full-body tracking is highly useful for 
experiments that may involve body language and non-
verbal communication. If such tracking devices are not 
available, it is still possible to utilize experts in body 
language who can observe the subjects and interpret their 
behavior; this can be done after the experiment by watching 
the video5. Freeman et al. studied postural shifts in response 
to motion stimuli [8], as an indication of presence.   

In addition to documenting the experiment sessions by 
video, it would be useful to be able to record the virtual 
environment. Such recording of interactive environments, 
although not a new idea, is still not straightforward and is 
not provided by any of the standard VR toolkits.  

There are a few systems that allow users of VR/VE 
systems to review sessions [13, 15, 17], and Steed et al. 
[26] actually used such a system in their experiments. They 
describe a system that records the full Dive session and 
allows the experimenter to play it back within Dive and 
experience it as a first person view. It is also possible to use 
intelligent tools that create movie summaries from 

4 Hugo Critchley, UCL Institute of Neurology, private 
communication.  
5 Note that we ensure that the subjects are completely 
separated from the surrounding lab by covering the Cave 
with curtains. This means the experimenters can only 
observe the subjects during the experiment by watching the 
video feed from the camera. Thus, there is in practice no 
difference between analyzing the experiment (video) during 
the experiment or afterwards.  

interaction sessions. Such tools may allow one to view the 
interaction from various angles, and to focus on specific 
events within a session [9].  

3.2. Non-Temporal Data 

In this section we discuss data that is collected after the 
experiment, and thus cannot be temporally aligned with 
data collected during the experiment.  

3.2.1. Questionnaires: It has been pointed out several 
times that questionnaires are problematic in the context of 
measuring presence: for example, they are unstable, in the 
sense of being very sensitive to prior experience [7], they 
may not be able to distinguish reality from virtual reality 
[29], and they can shed no light on whether ‘presence’ 
actually exists as a uniquely identifiable brain activity 
during the course of the experience to which it is meant to 
relate [22]. Questionnaires may be made more useful and 
reliable if their results are integrated with qualitative results 
and with physiological data, such as suggested in this paper.  

Even if the community does not converge on one 
questionnaire, experimenters could let the subjects fill in 
more than one questionnaire, thus allowing cross-
community comparisons.   

In addition to presence questionnaires, we suggest 
administrating psychological tests, such as personality tests. 
Again, these tests could be controversial independently, but 
could have valuable contribution when crossed with other 
data. As an example, Slater et al. [25] found a correlation 
between a test for social phobia and ECG. The results for 
the psychological test that elicits the degree of social phobia 
[30] are given in Online Table 5C.  

In the bar experiment only the subjects in the second 
condition filled in presence questionnaires; the 
questionnaire appears in Online Table 5B and the results 
are available in Online Table 5C. We are now refining a 
methodology of evaluating and measuring presence based 
on a combination of questionnaires, interviews, and 
physiological responses; thus, in the future, we do plan to 
include presence questionnaire data with our experiments.  

Each participant also completed a questionnaire prior 
to their immersion that gathered basic demographic 
information and other background information regarding 
their use of computer games. The questionnaire is included 
in Online Table 5A, and the results in Online Table 5C.  

3.2.2 Immediate question: Immediately after the 
experience, and before taking off the equipment or leaving 
the Cave, participants were asked to answer two questions 
concerning their immediate impressions regarding their 
overall sense of “being in” and “responding to” the bar. 

The purpose of these two questions was to capture 
participants' immediate subjective response to the 
experience in a way that was as far as possible unclouded 
by post-hoc rationalizations. Afterwards, they were able to 
expand on their answers in the semi-structured interviews. 

The responses to the immediate questions are given in 
Online Table 6C.  
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3.2.3 Presence graph: During the interview, participants 
were asked to draw a graph describing the extent to which 
they felt they were in the bar versus being in the laboratory 
throughout the experience. A sample graph is shown in 
Figure 2.  

Figure 2: Presence graph illustrating BIPs (P8 
female) 

.
While the diagrams provide some temporal 

information, they cannot be aligned precisely with the 
temporal data, and thus are not considered here to be 
temporal. Ideally, they could serve as a link between the 
interview and the temporal data. For example, while 
drawing the diagram, the subject can point to certain 
extreme points in their presence function and describe how 
they relate to their interview. 

The presence graphs were abstracted and classified into 
four types [12]; the data is provided in Online Table 6C.  

3.2.4 Post-experiment interview: this is often very useful 
in providing hypotheses for future research. Such 
interviews typically contain a lot of fascinating insights, 
which often gets lost because, due to their subjective nature, 
they are difficult to analyze in a rigorous manner. Garau 
[11] and Thomsen [28] used Grounded Theory extensively 
for analyzing interviews in the context of presence research. 
By including the interview transcriptions with the data we 
hope other researchers can get an insight into the subject’s 
experience, and perhaps suggest methods of analyzing this 
data in a systematic way.  

In our experiment each interview was conducted using 
a semi-structured interview agenda, to ensure that it did not 
stray from the research questions in which we were 
interested. The interviews were audio taped and then 
transcribed verbatim. In the future, it may be useful to 
videotape the interviews, for post analysis of the interview 
itself. Garau et al. [12] discuss the interview techniques and 
the results obtained for this experiment. The transcriptions 
for the two experimental conditions are included in 
appendices 6A and 6B. 

4. Compound Analysis 

In the previous sections we described the individual 
data types and the analysis we have carried out with them. 
In this section we describe analysis of two or more 
elements together. Again, the intention here is to explain 

what types of analysis are possible, rather than to focus on 
specific results from this experiment.  

4.1 Event-Related Analysis 

It is of great interest to see if we can detect measurable 
responses to events in the experience. Our experiment was 
specifically designed to find out if we can detect a 
physiological “signature” to BIPs; such evidence was found 
using a wavelet transform of GSR parameters as reported in 
Slater et al. [25]. Also, using the same analysis technique, 
they have found a significant physiological response to 
events in which the virtual characters spoke to the subject.  

One possibility that we are examining is whether the 
stiffening stabilizing reaction that subjects have to a sudden 
change in their visual field is detectable as a loss in height 
that can be seen in the head tracker data. In the future we 
could combine this with EMG data from the Soleus muscle 
in the lower leg to detect when a subject is experiencing a 
BIP.   

An example of one subject’s height following a BIP 
appears in Figure 3. The subject pulls down nearly two 
centimetres after the BIP. Due to high variance in peoples’ 
standing height our results are so far inconclusive. 
However, given that many emotions, such as stress, are 
manifested as muscular tension in the body, looking at the 
results of this muscular activity whether through EMG or 
postural change is a promising method to analyse response 
to virtual reality. 

subject's height during a break in presence

1.5

1.52

1.54

1.56

1.58

1.6

1

time in seconds

su
bj

ec
t h

ei
gh

t i
n 

m
et

er
s

BIP
Height of subject

Figure 3: A graph of one subject’s head height, as 
measured by the head tracker, following a BIP 
event.  

4.2 Spatial Analysis 

A spatial representation of time-variant signals is a 
very useful tool for the experimenter. A quick glance may 
allow detection of areas of the VE where the signal has 
extreme values, and this may provide clues for further 
analysis.

Specifically, an interesting approach in the data 
analysis is linking the physiological values with the 
position of the subject in the virtual space at the same time. 
The resulting graph shows how the signal spatially changes 
over the VE, and it can be useful to detect whether there is 
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a difference in the way different areas affect the subjects’ 
physiology.  

While such plots may not qualify as conclusive 
evidence by themselves, they could be a useful starting 
point for further analysis of physiological responses and 
proximity to virtual characters. Figure 4 illustrates this 
point for a few subjects in the bar experiment:  Figures 4a 
and 4b show data for subjects who had stronger GSR values 
next to the barman, whereas figures 4c and 4d show 

subjects with the opposite trend. Of course, many subjects 
did not show a clear pattern at all 

This technique is typically more useful when the VE is 
large, and the exploration of the VE is of interest in itself. 
In the case of the bar experiment, the room was spatially 
limited by the Cave’s walls, and movement was restricted. 
In this case we provide an example of the response to the 
virtual characters, but it is also possible, of course, to study 
the response in the vicinity of virtual objects.  

(a)       (c)  

(b)       (d) 

Figure 4: Plots of GSR levels in space from four different subjects. The positions of the five virtual 
characters are given by letters: the barman is denoted by the letter B and the other characters by the 
letter A. GSR values are denoted by more red colors, and lowest GSR values are towards blue. 

Interestingly, the qualitative analysis of the interviews 
seemed to reveal that the subjects responded differently to 
different areas in the virtual space, as related to the spatial 
organization and to the virtual characters [12]. It could be 
interesting to compare this qualitative evidence with the 
objective physiological measure. Our tracker data definitely 
seems to indicate that almost all subjects spent more time 
on the side of the barman than in the left side of the bar.  

4.4 Merging Temporal and Non-Temporal Data 

Subjective descriptions provided by subjects can be 
insightful; examples from the experiment discussed here 
appear in [12]. However, how do we cross them with 
temporal data? We would like to have an equivalent of the 
interview, which is obtained during the experiment.  
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One such option may be to ask the subject to verbalize 
their subjective experience out loud, during the experience. 
When teaching drama this is often used as an exercise. At 
first the students report that it feels unnatural for them to 
speak out loud, but they quickly get used to it. Is it possible 
to train subjects to verbalize their thoughts and feelings, 
during an experience, to an extent that it does not interfere 
with their experience? We do not know, but we hope to 
explore this option.  

Another option is possible if the VE scenario includes a 
well-defined narrative. If so, subjects can be encouraged, in 
the interview, to describe their feelings as related to certain 
events. For example, in a modified bar experiment, subjects 
can be encouraged to describe their feelings when a 
character tells them something intimate. Even though a few 
minutes pass from the time of the real experience to the 
time of the reconstruction, the information gathered in this 
way may be useful. Such recollection of the experience 
may be done during the video interview, as mentioned in 
Section 3.1.7, or with a replay of the VE events as 
suggested in Section 3.1.8.  

4.5 Inter-Experiment Comparisons 

Ideally, it should be possible to compare experiments 
carried out by different researchers in different labs, even if 
only part of the data is available. This is especially true for 
qualitative data such as physiological data and 
questionnaires, which could be assumed to be universal.  

Obviously, there would be many differences in the 
settings and the contexts among different labs, and it would 
not be simple to compare the data. For example, if one 
group finds a much stronger physiological response to a 
virtual character than another group, we would need to 
carry out further work to understand why this happens: is 
this because of the technical setting of the lab, the software 
used, the specific task and scenario in the experiments, or 
something different. Still, we believe such comparisons 
would be insightful, especially when there are large 
differences among research groups.  

 We hope to compare the results of this experiment 
with others. In our lab there have been experiments carried 
out with a similar experimental procedure but with a 
different VE. More generally, we can compare the 
physiological responses in this experiment with the 
physiological responses obtained in other experiments 
using the same Cave setting.  

5. Discussion 

In this paper we detail the types of data that we 
collected during one experiment, and the techniques we 
used to analyze this data. There is still a long way to set 
standards for data sharing and analysis in the presence 
community.  

We recognize that presence is a complex, multi-
dimensional concept, which needs to be studied with 
multiple techniques in multiple levels. Thus, we expect that 
if presence research matures we will be faced with ever 

growing1 amounts of data, of different types, which will 
need to be analyzed.  

In order for such data sharing to become widespread, 
there is a need for standards in data representation, and a 
standard set of tools and utilities that will allow converting 
the data into the commonly used tools. In this paper we do 
not yet suggest such standard. We believe it is too early to 
suggest complex mechanisms (e.g., using XML to annotate 
the data), but we hope that the next step would be for 
researchers to define data formats and provide generic 
utilities that import, export, and analyze data using this 
formats.  

Finally, in order to avoid abuse of data, we would need 
to suggest copyright mechanisms, probably in the lines of 
GPL6.

6. Conclusions

We encourage other researchers to use their methods in 
analyzing this data. There are large parts of our data that 
have not yet been analyzed, or only partially analyzed, and 
we welcome other researchers to apply other techniques to 
the data that we have already analyzed.  

We encourage other researchers to publish their data, in 
addition to their results, as we have done in this paper. This 
will allow the community to analyze and compare 
experiments as a shared effort, assigning credit where due, 
of course.  

Once a corpus of data is available and arranged in a 
systematic way, we can strive towards additional analysis 
methods. In particular we encourage researchers to 
investigate analysis of physiological data. The integration 
of the different data types presents an interesting challenge. 
We hope to address it in the future, using visualization and 
possibly data mining. We feel this would allow presence 
research to be established as a genuine scientific discipline 
by such eventual data publication and sharing7.

Finally, we encourage researchers to use this 
methodology, which relies on large amounts of 
synchronized recorded data in a mediated experience, 
beyond presence research; we expect our setting to be 
useful for researchers in many areas of psychology.  
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6 http://www.gnu.org/copyleft/gpl.html 

7 For example, as part of the Visible Human Project, the U.S. 
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of male and female human cadavers available for research and 
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