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ABSTRACT

In the context of scientific data analysis, we propose to com-
pare a remote collaborative manipulation technique with a
single user manipulation technique. The manipulation task
consists in positioning a clipping plane in order to perform
cross-sections of scientific datathat show several points of in-
terest located inside this data. For the remote collaborative
manipulation, we have chosen to use the 3-hand manipula-
tion technique proposed by Aguerreche et al. [1], which is
very suitable with a remote manipulation of a plane. We
ran two experiments to compare the two manipulation tech-
niques with some participants located in two different coun-
tries. These experiments showed that the remote collabora-
tive manipulation technique was significantly more efficient
than the single user manipulation when the 3 points of in-
terest were far apart inside the scientific data and, conse-
quently, when the manipulation task was more difficult and
required more precision. When the 3 points of interest were
close together, there was not significant difference between
the two manipulation techniques.

Categories and Subject Descriptors

H.5.3 [Informations Interfaces and Presentation]:
Group and Organization Interfaces— Evaluation/methodolo-
gy, Computer-supported cooperative work, Synchronous in-
teraction; H.5.1 [Informations Interfaces and Presen-
tation]: Multimedia Information Systems—Artificial, aug-
mented, and virtual realities

General Terms
Experimentation, Human Factors, Performance

Keywords
Scientific data analysis, Remote collaborative manipulation,
Virtual environment, VR experiments

Figure 1: Cross-section of scientific data that shows
3 points of interest (red spheres).

1. INTRODUCTION

Virtual reality is often used to visualise and to interact with
scientific.data. However, analysing scientific data can be a
difficult task and it requires, sometimes, the knowledge of
several remote experts. Distributed virtual reality enables
remote experts to meet themselves in a virtual environment
to perform joint review of scientific data. Most of the time,
this joint review is limited to a simple observation of the sci-
entific data and, when the users can interact, interactions are
only sequential (just one user can access to tools at the same
time). However, we think that collaborative interactions
(parallel access to tools) could be useful for these experts to
analyse together scientific data. On the one hand, if they
are able to act together, it will increase their involvement
in the task and their understanding of the data analysis.
On the other hand, it can be helpful to perform some dif-
ficult manipulation tasks that require a good precision. So
we propose to compare a remote collaborative manipulation
technique with a single user manipulation technique for pre-
cisely positioning a clipping plane to perform cross-sections
of the scientific data (see figure 1).

In this paper, we describe two experiments realized in order
to compare these two kinds of manipulation techniques. For
the single user manipulation, we have used a classical six
degrees of freedom manipulation technique and, for the re-
mote collaborative manipulation, we have chosen to use the
3-hand manipulation technique proposed by Aguerreche et



al. [1]. Together the two experiments help us to determine
situations when collaborative manipulation is useful.

This paper starts with an overview of related work focusing
on scientific data analysis and collaborative interactions. It
is followed by a description of the context of experiments
and the two manipulation techniques used. A third part
presents the two experiments and their results. The paper
ends with a general discussion on the results, a conclusion
on this study and some perspectives for future experiments.

2. RELATED WORK

Lots of previous works use virtual reality for visualizing sci-
entific data as stated by Bryson [3]. Part 2.1 presents some
applications in which a user analyses scientific data by mak-
ing cross-sections of the data and some collaborative visual-
ization applications. Even if some visualization applications
enable several users to visualize together scientific data, none
of them propose collaborative manipulations for exploring
the data. Part 2.2 analyses the existing techniques for re-
mote collaborative manipulation in virtual reality according
to the requirements of the clipping plane manipulation:

2.1 Scientific Data Analysis

Several VR applications enable users to make cross-sections
of scientific data. Hinckley et al. [8] propose to use a head
and a cutting plane props to intuitively make a cross-section
of brain MRI data. A props-based interaction device called
the “cubic mouse” is also used by Frohlich et al. 7] to posi-
tion 3 orthogonal sections in geo-scientific data. Moreover,
the 3D Sketch Slice [14] uses a tracked tablet to enable a
user to control the position of a slice of seismic data us-
ing a 6 degrees of freedom manipulation. The tablet makes
also possible to add some annotations inside the data. Even
if these applications propose interesting techniques to make
cross-sections of scientific data, none of them enables several
users to make it collaboratively.

Leigh et al. [9] describe a range of examples of collaborative
visualisation applications using immersive devices, but most
of the time the users just observe the data and the only col-
laborative interaction consists in showing something to the
others. Steed et al. [15] propose a interactive and collabora-
tive system for the visualisation of medical data. Users can
directly interact with the visualisation in order to drive an
offline computation of the medical data. However, each user
interacts alone and there is no collaborative manipulation.

2.2 Collaborative Manipulation

There are two categories of techniques that allow remote
users to manipulate together a virtual object jointly: the
techniques that split the degrees of freedom of a virtual ob-
ject and the techniques that manage the concurrent access
to the same degrees of freedom of a virtual object.

2.2.1 Splitting the degrees of freedom

As proposed by Pinho et al. [10], each user can control only
some particular degrees of freedom of the virtual object. For
example, one user can control the translation while another
one can control the rotation. To perform this kind of ma-
nipulation, each user can use a particular tool more relevant
for the degrees of freedom that he controls. For example,

one user can use a virtual ray to move a virtual object while
another one can use a virtual hand to rotate it and translate
it along the virtual ray. However, this kind of collaborative
manipulation is not relevant for the clipping plane manipu-
lation because the users have very asymmetric role and none
of the users can focus his action on finding particular points
of interest without help of the others.

2.2.2 Managing concurrent access to the same DOF
Several techniques can be used to combine actions of several
users to manipulate a virtual object as stated by Ruddle
et al. [13]. A first solution consists in adding actions of
these users, a second solution is to average their actions and
a third solution proposes to keep only the common part of
the actions (intersection). However, none of these solutions
are ideal for the clipping plane manipulation because, if the
users want to explore different parts of the data, they may
perform contrary actions, which could disturb the others.

The Bent Pick Ray [11] technique enables several users to si-
multaneously manipulate a virtual object using virtual rays.
This technique merges actions of all users by interpolat-
ing translations and rotations provided by the virtual rays.
These virtual rays are also deformed according to their ac-
tion on the virtual object to enable the users to understand
the action of each user. This technique may be close to the
average technique and the use of virtual rays does not seem
to be very convenient for the clipping plane manipulation.

The SkeweR [5] technique enables two users to simultane-
ously grab any part of a virtual object. This technique de-
termines the translation and the rotation of this grabbed ob-
ject according to the positions of the 2 “grabbing points”. A
similar technique is used in a collaborative experiment that
aims to construct a virtual gazebo [12]. Two users can ma-
nipulate a beam by grabbing its extremities using 2 virtual
hands (one for each user). When the beam position cannot
be resolved because the positions of the 2 virtual hands are
not consistent, a red line is displayed between the beam and
each virtual hands to show that the virtual hands are too
far from the beam. However, these two techniques do not
propose a solution to determine the rotation along the axis
defined by the 2 “grabbing points”. Since the clipping plane
has to be rotated along each axis, these techniques seem not
to be relevant for the clipping plane manipulation.

To avoid rotation issues, Aguerreche et al. [1] propose to add
a third control point to manipulate virtual objects. In this 3-
hand manipulation technique, virtual objects can be manip-
ulated by 2 or 3 users together: either one user manipulates
2 control points and another one manipulates the third one,
or each one of 3 users manipulates one control point. The
3 translations of control points are sufficient to determine
the resulting 6 degrees of freedom motion of manipulated
objects. This technique coupled with a tangible interface
(the 3 control points are attached to a tangible device) has
been compared with the mean technique and the separation
of degrees of freedom [2]. This evaluation has showed that
the 3-hand manipulation technique (using a tangible inter-
face) is more accurate, more realistic and preferred by users.
But, the technique had not yet been evaluated with remote
users. We propose to use this technique for the remote col-
laborative manipulation of the clipping plane, because it is



particularly well adapted to a precise manipulation of the
clipping plane (the 3 control point positions define a plane
that can be the clipping plane).

3. CONTEXT

During the experiments, participants had to manipulate a
clipping plane to interactively perform cross-sections of sci-
entific data. This scientific data is seismic data from a physi-
cal simulation of an earthquake near Nice in France [4]. This
earthquake is not a real earthquake, but it is realistic accord-
ing to the localisation and the intensity. The data used in
the experiments is iso-surfaces of the PGD (Peak Ground
Displacement) computed during the simulation. The iso-
surfaces are organised on a concentric way around the epi-
centre of the earthquake (see figure 1).

3.1 Task to Perform

For analysing the scientific data, participants had to find 3
points of interest inside the data. For the experiments, these
points of interest were represented by small red spheres. To
examine the scientific data and to find the points of interest,

Figure 3: Single user manipulation of the centre of
the clipping plane (yellow cube).

(b)

Figure 2: Collaborative manipulation of the clipping plane with the 3-hand manipulation technique :
participant located in Townl manipulated 2 control points (green cubes) and (b) the participant located in
Town2 manipulated one control point (yellow cube on the floor).

(a) the

participants manipulated a clipping plane, which enabled
them to perform cross-sections of the data. When partici-
pants found the 3 points of interest, they had to precisely
move the clipping plane in order to reach the 3 points at the
same time and to make a cross-section that showed the 3
points at the same time (see figure 1). To avoid disturbing
the manipulation task with a navigation task, navigation
(locomotion) was turned off. However, users were tracked
inside the immersive device and they could move in the vir-
tual environment by using their physical movements.

3.2 - Single User Manipulation

For the single user manipulation, a participant manipulated
alone the clipping plane using a target tracked by a tracking
system. The target was directly linked to the centre of the
clipping plane (see figure 3). The participant could thus
apply translations and rotations to the centre of the clipping
plane with 6 degrees of freedom. This kind of manipulation
was similar to the slice manipulation using a tracked tablet
in the 3D Sketch Slice [14] application.

3.3 Collaborative Manipulation

For the collaborative manipulation, we have chosen to use
the 3-hand manipulation technique proposed by Aguerreche
et al. [1]. The participant located in Townl manipulated
2 control points, using his two hands tracked by a tracking
system. The participant located in Town2 manipulated one
control points, using one of his hands tracked by a tracking
system. The positions of these 3 control points (2 in Townl,
1 in Town2) defined the position of the clipping plane. So
these control points enabled the two participants to move
together the clipping plane (see figure 2).

Each participant was represented in the virtual world by
his viewing frustum to enable the other to understand what
he was seeing. His control point(s) used to manipulate the
clipping plane were also represented in the virtual world to
enable the other to understand what he was doing (see fig-
ure 2). Moreover, the two participants could communicate
by the voice with a microphone put on each participant and
some speakers located in each immersive device.



3.4 Technical Specifications

To realize these experiments, a collaborative virtual environ-
ment have been deployed between Townl and Town2. We
first describe the immersive device used on each site, then
we explain how the data of the virtual environment has been
distributed for the collaborative manipulation.

3.4.1 Immersive Devices

On each side, the participant used a specific immersive de-
vice to examine the scientific data and to manipulate the
clipping plane:

e In Townl: the VR room is composed of 2 big visu-
alisation screens (about.9,6 by 3 m). These 2 screens
define a parallelepiped (front side and floor). A track-
ing system based on infra-red cameras is used to track
the user’s head and hands inside this parallelepiped.

e In Town2: the VR room is composed of 4 big visu-
alisation screens (about 3 by 2,1 m). These 4 screens
define a parallelepiped (front side, right side, left side
and floor). A tracking system based on ultra-sonic
sensors is used to track the user’s head and one of his
hands inside this parallelepiped.

On each side, the jReality graphical library [16] was used to
render the virtual environment. This library makes possible
to distribute the scene graph on several computers managing
the different projectors of each VR room, to display stereo-
scopic images, and to deform the user’s viewing frustum
according to his head position.

3.4.2 Network Distribution

For the single user manipulation, the data of the virtual en-
vironment was managed locally on each side. However, for
the collaborative manipulation, this data were distributed
on the network. We used a client/server architecture with a
server located in Townl. The two clients (one in Townl, one
in Town2) were connected to this server using TCP connec-
tions. The network latency between the server in Town1 and
the client in Town2 could be up to 50 ms. The two clients
were strongly synchronized with the server. We used the
model proposed by Fleury et al. [6] to distribute the data
of the virtual environment between the server and the two
clients. This model makes possible to choose a particular
data distribution for each virtual objects. So, we chose to
process the data, the points of interest, the clipping plane
and participants’ viewing frustum representations (avatars)
on the server to ensure a strong consistency between the two
participants’ view. However, we chose to process the control
points of the clipping plane on each client to ensure a good
responsiveness when the participants move these points.

With this data distribution, a small gap could occur between
the control points and the clipping plane due to the network
latency. However, it was less disturbing for the participants
that this gap occurred between the control points and the
clipping plane than between the participant real hands and
the control points. Moreover, it occurred only when the
participants moved very quickly the clipping plane and not
when they moved slowly the clipping plane to perform the
precise manipulation task. None of the participants com-
plained of this small gap during the experiments.

4. EXPERIMENTS

We ran two experiments to compare the single user manip-
ulation with the remote collaborative manipulation of the
clipping plane. Even if the first experiment showed not sig-
nificant difference between the two manipulation techniques,
the observations performed during this experiment allowed
us to formulate two interesting hypotheses. The second ex-
periment aimed to validate these hypotheses by modifying
the experimental conditions.

4.1 First Experiment

For the first experiment, we asked 10 participants to per-
form the task explained in part 3.1 with the two manipu-
lation technique of the clipping plane presented in part 3.2
and part 3.3. After a training period, each participant per-
formed 5 trials for each manipulation technique. For each
trial, positions of the 3 points of interest were randomly
chosen between a set of 5 interesting configurations of the
points. When one configuration was chosen for a trial, it was
removed from the set. The same set of configurations was
used for each of the two techniques and for each participant.
For each trial and each participant, we measured the com-
pletion time of the task from when the participant activated
the clipping plane to when the clipping plane reached the 3
points of interest at the same time.

This experiment has showed that the difference between
the two manipulation techniques is not significant. First,
mean completion times for the two techniques are very close:
71.66 sec with the single user manipulation and 67.66 sec
with the collaborative manipulation. Second, there is a im-
portant participant variability: standard deviation is equal
to 89:14 sec for the single user manipulation and to 32.49 sec
for the collaborative manipulation. A Student’s test (t-test)
has shown that the difference between the two techniques is
not significant (¢(18) = 0.13, p =0.9). This not significant
difference can be explained by the following observations:

1. The distance between the 3 points of interest was too
small (and stayed always similar on each trial). In-
deed, for some participants, the task to complete was
very easy and it took them just few seconds. So, for
these participants, it was difficult to make a difference
between the two manipulation techniques. Moreover,
if the task is too easy, the time required by the two par-
ticipants to synchronize themselves at the beginning of
a collaborative manipulation penalizes this technique.

2. The search of the 3 points of interest inside the sci-
entific data introduced a bias in the evaluation of the
two manipulation techniques. Indeed, the participants
did not have particular knowledge in analysing scien-
tific data and, for some of them, it was very difficult
to find the 3 points of interest inside the data. For
these participants, it was impossible to compare the
two techniques together, because the completion time
depended more on the “luck” of finding quickly the
points of interest than on the time required to well
adjust the clipping plane position.

3. The training period was maybe too short. Indeed, we
have noticed that the completion time was shorter for



the last trials than for the first trials. It was even more

noticeable for the collaborative manipulation technique.

Observations 2‘and 3 have been identified as sources of bias
that required to be controlled in next experiment, while first
observation could be used to formulate two hypotheses:

e H1: when the 3 points of interest are close together
(and the task is almost easy), the single user manipu-
lation is as efficient as the collaborative manipulation.

e H2: if the distance between the 3 points of interest
increases (and thus the task becomes more difficult),
then the collaborative manipulation will be more effi-
cient than the single user manipulation.

4.2 Second Experiment

To test the hypothesis H1 and H2 formulated in the first ex-
periment, we have performed a second experiment by adapt-
ing the experimental protocol.” First, to avoid the bias de-
scribed in the observations 2 and 3, we have decided, respec-
tively, to remove the scientific data in order to not mix the
manipulation task with a search task, and to increase the
training period for the two manipulation techniques. Sec-
ond, we have decided to keep some similar configurations of
the 3 points of interest to test H1 and to introduce some new
configurations with a significantly bigger distance between
the 3 points of interest to test H2.

4.2.1 Description

In this second experiment, participants still had to manipu-
late a clipping plane in order to reach 3 points of the virtual
world at the same time, even if the scientific data had been
removed (see figure 4). To manipulate this plan, partici-
pants used either the single user manipulation (part 3.2) or
the collaborative manipulation with another remote partic-
ipant (part 3.3). Some new configurations of the 3 points
with a bigger distance between the points had been added,
and all the configurations used for the experiment had been
divided into two groups according to the distance between
the points (mean of the distances two by two between the 3
points):

e a “Close” groups with the configurations for which the
mean of the distances was less than 0,6 m,

e a “Far” groups with the configurations for which the
mean of the distances was more than 1,4 m.

Population. 32 participants (6 females and 26 males) aged
from 18 to 50 (mean: 26, standard deviation: 6,72) took part
in this experiment. None of these participants had been
involved in the first experiment. These participants were
divided in two groups:

e a group G1 of 16 participants in Townl who performed
the collaborative manipulation with a confederate in
Town2 (one of the co-authors and always the same).

e agroup G2 of 16 participants (8 in Town1, 8 in Town2)
who performed the collaborative manipulation with
another real participant of this group.

Figure 4: Second experiment of manipulation of the
clipping plane without the scientific data.

In each group, one of two participants performed first the
single user manipulation and then the collaboration manip-
ulation, and vice versa for the other one.

Procedure. After time to familiarize themselves with the
virtual environment, each participant realised first a train-
ing for the two manipulation techniques in the same order
than for the real experiment (single user manipulation then
collaborative manipulation, or vice versa). The training con-
sisted in performing 4 trials for each technique. When par-
ticipants had finished the training, they started the real ex-
periment: they performed 10 trials for each manipulation
technique. In these 10 trials; 5 used a configuration of 3
Close points and 5 used a configuration of 3 Far points.
The 5 trials with the Close points were randomly mixed
with the 5 trials with the Far points. The experiment lasted
about 45 minutes, including the training trials.

Collected Data. For each trial and each participant, we
recorded the completion time. Time recording started when
the participant activated the manipulation of the clipping
plane by pressing a control button, and was automatically
stopped when the clipping plane reached the 3 points at the
same time. For group G1, we collected data for the col-
laborative manipulation between participants in Town1 and
the confederate in Town2, but we collected data for the sin-
gle user manipulation only for participants in Townl (the
confederate did not perform the single user manipulation
experiment). For group G2, we collected data for the col-
laborative manipulation and for the single user manipulation
for participants located in both sides. After the experiment,
participants filled out a subjective questionnaire about the
two manipulation techniques. Obviously, the confederate
did not fill out this questionnaire.

4.2.2 Results

Using the data collected during the experiment, we con-
ducted statistic analysis to compare the single user manipu-
lation (SU-Manip) with the collaborative manipulation (Co-
Manip). For these statistic analysis, we separated the cases
when the 3 points were Close together and the cases when
the 3 points were Far apart.
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Figure 5: Means and standard deviations of the completion time for the two techniques for the whole

population (a), for group G1 (b) and for group G2 (c).

Completion Time. For each participant, we computed the
mean completion time on the 5 trials for each group of points
and for each manipulation technique (4 cases). Then, we
performed a Student’s test (t-test) on these mean values
(in seconds) to compare the two techniques (SU-Manip, Co-
Manip). We also computed the mean values (M) and the
standard deviation (SD) on mean completion time of all the
participants for each one of the 4 cases.

First, we considered the whole population G1+G2 (see fig-
ure 5(a)). When the 3 points were Close together, the mean
completion time was almost the same with the SU-Manip
technique (M = 9.38 sec, SD = 6.06 sec) and with the
Co-Manip technique (M = 10.42 sec, SD = 3.19 sec), and
the difference between both techniques was not significant
(t(54) = -0.76, p = 0.44). However, when the 3 points were
Far apart, the mean completion time was shorter with the
Co-Manip technique (M = 22 sec, SD = 7.15 sec) than with
the SU-Manip technique (M = 35.78 sec, SD = 22.88 sec),
and this difference was significant (¢(54) = 2.84, p = 0.006).

Second, we only considered the group G1 of the participants
who had performed the Co-Manip with the same confederate
in Town2 (see figure 5(b)). When the 3 points were Close
together, the mean completion time was slightly shorter with
the SU-Manip technique (M = 6.88 sec, SD = 2.13 sec)
than with the Co-Manip technique (M = 10.94 sec, SD =
3.45 sec), and this difference was significant (¢(30) = -44.01,
p < 0.001). When the 3 points were Far apart, the mean
completion time was shorter with the Co-Manip technique
(M = 20.13 sec, SD = 6.43 sec) than with the SU-Manip
technique (M = 29.88 sec, SD = 12.25 sec), and this differ-
ence was significant (¢(30) = 2.82, p = 0.008).

Finally, we only considered the group G2 of the partici-
pants who had performed the Co-Manip with another real
participant of the group (see figure 5(c)). When the 3 points
were Close together, the mean completion time was slightly
shorter with the Co-Manip technique (M = 9.38 sec, SD =
2.45 sec) than with the SU-Manip technique (M = 12 sec,
SD = 7.5 sec), but this difference was not significant (¢(22) =
0.96, p = 0.35). When the 3 points were Far apart, the mean

completion time was shorter with the Co-Manip technique
(M = 25.75 sec, SD = 7.44 sec) than with the SU-Manip
technique (M = 41.63 sec, SD = 29.27 sec), however this dif-
ference was not highly significant (¢(22) = 1.49, p = 0.149).
We thought that, even if there was a big difference between
the mean completion time for the two techniques, this dif-
ference was not highly significant because:

e Some participants had lot of difficulties to perform the
task with the SU-Manip technique when the 3 points
were Far apart (it could explain the big standard de-
viation for the Far points).

e Some two-person teams in the group G2 had difficul-
ties to synchronize themselves at the begining of the
Co-Manip (language barrier, etc.). It induced some
big differences between the completion time of each
two-person team.

e In the group G2, each participant performed the task
alone for SU-Manip and with another participant of
the group for the Co-Manip. Thus, the number of
samples for the SU-Manip was twice the number of
samples for the Co-Manip.

Subjective Questionnaire. After the experiment, a pref-
erence questionnaire was proposed in which the participants
had to grade from 1 to 7 (7-point Likert scale) the two ma-
nipulation techniques for each group of point configurations
(Close or Far) according to 5 subjective criteria: fatigue;
ease of use, precision, naturalness and a global appreciation
of the technique. Moreover, for the Co-Manip, they had
to grade from 1 to 7 for each group of point configurations
their feeling of collaborating with another real participant.
We computed the mean values and the standard deviation
on ratings given by the whole population G1 + G2 for each
one of the 4 cases. Then, to compare the two manipula-
tion techniques, we computed the differences (A) between
the mean values of the two techniques and we performed a
Wilcoxon signed rank test on ratings given by the partici-
pants to determine if these differences were significant.
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Figure 6: Means and standard deviations of subjec-
tive ratings for the two techniques when the 3 points
were Close together.

First, if we considered the subjective ratings given when the
3 points were Close together (see figure 6), it did not seem
to have particular preferences for one or the other manipu-
lation technique. Indeed, the differences between the mean
values of the two techniques were very low and the statistical
analysis showed that these differences were not significant:
fatigue (A =0.19, p = 0.21), ease (A = 0.22, p = 0.58), pre-
cision (A = 0.13, p = 0.77), naturalness (A = 0.06, p = 1)
and global appreciation (A = 0.31, p = 0.08).

Second, if we considered the subjective ratings given when
the 3 points were Far apart (see figure 7), it seemed that
the Co-Manip technique was more preferred than the SU-
Manip technique. Indeed, the differences between the mean
values of the two techniques were substantial (more than
1 point) for each criterion and for the global appreciation.
The statistical analysis showed that these differences were
highly significant: fatigue (A = 1.44, p < 0.001), ease (A =
2.19, p < 0.001), precision (A = 1.34, p < 0.001), nat-
uralness (A = 1.31, p < 0.001) and global appreciation
(A =147, p<0.001).

Finally, whatever the distance between the 3 points, it seemed
that the participants had a strong feeling of collaborating
with another remote participant: for the Close points (M =

5.69, SD = 1.18) and for the Far points (M = 6.34, SD = 0.97).

Moreover, it is interesting to notice that the feeling of col-
laborating was slightly stronger when the 3 points were Far
apart and the statistic analysis showed that this difference
was significant (A = 0.66, p = 0.007). We can think that
the participants feel more the need to collaborate when the
task to perform is more difficult (as when the 3 points are
further apart for example).

4.3 Discussion

The results obtained in this second experiment showed that
there was not a significant difference between the two manip-
ulation techniques when the 3 points were closer together.
Indeed, the completion time was shorter either with the sin-
gle user manipulation technique or with the collaborative
manipulation technique according to the studied popula-
tion, and these differences were not significant. Moreover,
the subjective questionnaire did not show particular prefer-
ences for one or the other manipulation technique when the
3 points were closer together. This lack of significant differ-
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Figure 7: Means and standard deviations of subjec-
tive ratings for the two techniques when the 3 points
were Far apart.

ences between the two techniques validated hypothesis H1
stated in the first experiment.

When the 3 points were far apart, the second experiment
showed that a collaborative manipulation between two re-
mote users was more efficient than a single user manipu-
lation to analyse the scientific data. It can be explain by
two factors: when the 3 points were further apart, first, the
task of positioning the clipping plane required more pre-
cision and, second, the participants could not see all the
3 points at the same time in their field of view and they
had to rotate the head to adjust the clipping plane posi-
tion. These two factors globally increased the difficulty of
performing the task when the 3 points were further apart.
Thus; the completion time was significantly shorter with the
collaborative manipulation technique than with the single
user manipulation technique, because with the collaborative
manipulation technique, each user could focus on adjusting
the clipping position to reach only one or two points and
let the other do the same for the other points. Moreover,
the subjective questionnaire showed that the participants
globally preferred the collaborative manipulation technique
when the 3 points were further apart, and they also found
this technique less tiring, easier, more precise and more nat-
ural for this point configurations. Consequently, hypothesis
H2 stated in the first experiment was validated.

For the second experiment, there were not noticeable evolu-
tion of the completion time between the first trials and the
last trials. So we could conclude that the observation 3 of
the first experiment was true, and that the training period in
the second experiment was sufficient. However, nothing en-
abled us to corroborate the observation 2 stated in the first
experiment. It would be interesting to realize a new exper-
iment with the scientific data and the further apart points
to determine if the presence of the scientific data impact the
manipulation task. Moreover, it could also be interesting to
propose some solutions to enable participants to take advan-
tage of the collaboration for searching the points of interest
inside the data.

Finally, the less significant results obtained for the group
G2 showed that collaborative experiments are difficult to
design because so many parameters are involved in the ex-
periments. Indeed, when remote participants who did not



know each other collaborate together, some additional dif-
ficulties can occur according to the participants’ language,
their vocabularies, their predispositions for the collaborative
work or their goodwill to work with someone else.

S. CONCLUSION

These experiments aimed to compare a single user manipula-
tion technique with a collaborative manipulation technique
between two remote users (one located in Townl and the
other located in Town2) for analysing some scientific data.
The task consisted in positioning a clipping plane in order to
show, at the same time, 3 points of interest located inside the
scientific data. For the single user manipulation, a partici-
pant manipulated alone the clipping plane by rotating and
translating its centre (6 degrees of freedom).. For the col-
laborative manipulation, two participants manipulated to-
gether the clipping plane by using the 3-hand manipulation
technique proposed by Aguerreche et al. [1]. Even if there
were not significant differences between the two manipula-
tion techniques when the 3 points of interests were close
together, the experiments showed that the remote collabo-
rative manipulation was more efficient than the single user
manipulation when the 3 points were far apart and; conse-
quently, when the task to perform was more difficult.

In future work, we would perform a new experiment to de-
termine the threshold of the distance between the points of
interest from which it becomes more efficient to use the re-
mote collaborative manipulation technique than the single
user manipulation technique. It would also be interesting
to run experiment with the scientific data and the further
apart points of interest as explained in the discussion part.
In this new experiment with scientific data and further apart
points, we guess that maybe the manipulation of a clipping
plane could interfere with the individuals’ visualisation of
the scientific data. Indeed, the manipulation of one user
could lead sometimes to “put” the other inside the data (by
reversing the clipping plane for instance). In this case, the
second user loses track of the points of interest on which he
is focusing. Thus there are some potential rendering chal-
lenges to address in order to allow this user to continue his
interaction even if he is inside the scientific data.
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