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Abstract—In this paper we investigate how configuration and
visualization parameters influence the quality of experience in
a 3D interactive environment, more specifically in a motion
parallax setup. In order to do so, we designed a dedicated
testing room and conducted subjective experiments with a team
of evaluators. The tests considered parameters such as different
disparities, amount of parallax, monitor sizes and visualization
angles. Factors such as visual comfort, sense of immersion and
the 3D experience as a whole have been assessed. The users
were also asked to execute a task in the 3D motion parallax
environment assessing the difficulty to complete the task for
different parameter configurations. Obtained results suggest that
user experience in an immersive environment is not as critically
influenced by configuration parameters such as disparity and
amount of parallax as initially thought. They also indicate that
a better understanding of how this experience is influenced still
requires the design and conduction of more comprehensive testing
procedures.

I. INTRODUCTION
The recent large increase in the production and delivery

of 3D content by media producers has drawn much attention
to such technologies. 3D content is becoming more popular
not only in movie theaters and home television, but in more
interactive environments as well, such as immersive applica-
tions and augmented reality systems. In such scenarios, the
identification of relevant factors that may help to enhance user
experience becomes highly desirable. A lot of time and effort
have been devoted to both subjective and objective quality
evaluation of 2D video. However, the assessment of the quality
of user experience with 3D content is still a challenging
problem, especially when considering immersive, interactive
environments. Although quality metrics and subjective testing
procedures have already been proposed in the past to assess
the quality of stereoscopic video [1], such metrics were typi-
cally oriented towards measuring 3D video quality in face of
different compression strategies; the assessment of parameters
related to the user sense of immersion or the 3D experience
as a whole was not a primary concern.
Although 3D interactive applications involving motion par-

allax have been addressed in the literature [2], [3], such works
were more concerned with investigating and improving depth
perception. They did not consider other aspects of the 3D
experience or how configuration and visualitation parameters
influence the user perception of quality and immersion in the
3D environment. In a recent work [4], the authors conduct
subjective experiments to evaluate the quality of experience in

interactive 3D systems. However, the focus of such work is to
compare stereoscopic and multi-view displays.
In this paper we investigate how a number of factors affect

the quality of experience (QoE) in 3D immersive applications.
The focus is on systems that implement motion parallax in
order to provide a realistic 3D experience. In order to do so,
we used synthetic videos generated with computer graphics
models coupled with eye tracking techniques (actually, in order
to allow the use of general purpose stereoscopic monitors that
require the use of glasses, LEDs attached to them were tracked
instead). Using such models one can vary several factors,
including viewing distance, monitor size, amount of motion
parallax, disparity, depth, and so on. This way, one can perform
extensive subjective tests in order to analyze their influence
on the quality of 3D experience. We believe that a good
understanding of how such parameters degrade or enhance a
3D experience will help to design more appealing applications
leading to better user satisfaction.

II. 3D SUBJECTIVE TESTS FRAMEWORK

The nature of the conducted experiments required that
a specific visualization software was developed and that a
dedicated room was built. The tested scenarios used hyper-
parallax and hyper-zoom to allow user interaction with 3D
models. In a motion parallax environment, an object’s point
of view on the screen is changed based on its relative position
to an observer being tracked. Hyper-parallax can be seen as
an enhanced motion parallax, where small changes in the user
position correspond to larger changes in the object point of
view. For instance, an object can be rotated 180o when the user
slightly shifts his position to the side. With hyper-zoom, a user
can bring an object closer in 3D space (out of the screen) or
take it farther (into the screen) with slight movements towards
or away from the monitor.
In the following subsections we describe the 3D test frame-

work in more detail.

A. 3D Room and Equipment

In order to assess the QoE in a 3D motion parallax en-
vironment, we have built a room especially dedicated to 2D
and 3D video quality evaluation. The room allows users to
interact with 3D models or to watch 3D videos displayed in
the monitors. Windows are covered with black fabric to allow



better control of interior illumination. The testing room setup
can be seen in Figure 1.

Fig. 1. Subjective test room.

The equipment used in the 3D experiments included a
23.6” Acer GD235HZ and a 46” JVC 463D10U monitor, us-
ing active and circular polarization technologies, respectively.
The 3D models were rendered using a dedicated software
(described in Section II-B) and an NVidia Quadro FX4800
video card. LEDs were adapted to the 3D glasses to allow the
tracking of user position.

B. 3D Visualization Software
For the manipulation, visualization and interaction with

3D models and sequences, a 3D simulation and visualiza-
tion software was developed. The software runs under Linux
(Fedora 14 + Open Scene Graph 2.8.4) and allows user
interaction with the models by tracking the LEDs attached
to the 3D glasses. The software also allows the setting of
a number of visualization parameters, such as normal and
hyper-parallax amounts, zoom/hyper-zoom configurations and
to change tracking delay and 3D disparity values.

III. SUBJECTIVE TESTS SETUP
The test setup and procedures followed guidelines based on

the ITU-BT.1438 Recommendation [1]. A team of 15 evalu-
ators took part in the subjective tests. A screening procedure
was conducted to test the subjects for visual acuity and stereo
blindness.
During the tests, users were asked to perform simple tasks

that required interaction with four synthetic 3D models. Model
and task descriptions can be seen in Table I. A representative
picture of each model can be seen on Figure 2. We evaluated
the quality of experience (QoE) by assessing how factors such
as disparity and amount of parallax influence task execution
and impact the user overall impression of the 3D experience.
After completing the task, users were asked to answer a

task-related question and to use a discrete scale from 1 to 5
to assess the following factors:

• Visual comfort (1 = very uncomfortable; 5 = very com-
fortable);

• Sense of immersion (1 = poor; 5 = excellent);
• Experience as a whole (1 = very bad; 5 = excellent);
• Difficulty to complete task (1 = very easy; 5 = very
difficult);

TABLE I
MODELS AND TASK DESCRIPTIONS.

Model Description Task
“Wall” A random number of col-

ored cubes is generated in
space.

Count the number of col-
ored cubes.

“Earth” Sun-Earth-Moon model,
with rotation and
translation.

Count how many times the
Earth completes a full rota-
tion while the Moon orbits
it once.

“Grid” 3D grid with discrete axis
coordinates given in terms
of red, green and blue col-
ors. A yellow cube is placed
on a random position in the
grid.

Find coordinates of yellow
cube in terms of red, green
and blue axis.

“Game” A small sphere randomly
moves in 3D space between
colored cubes.

Move around to rotate the
cube model to cause the
small moving sphere to
never be occluded by a
small cube (test duration: 5
minutes)

(a) “Wall” (b) “Earth”

(c) “Grid” (d) “Game”

Fig. 2. 3D models used during the experiments.

IV. TEST SESSIONS AND RESULTS
The test sessions were divided into three cathegories:
• Disparity tests: 10 different disparity values, normalized
by the mean interocular distance, were tested. The dis-
parity value of 1 corresponds to the average interocular
distance of 6.5cm. Each value was assessed for all
combinations of the four models and two displays. The
disparity value of 0.5 was used in all the remaining test
sessions.

• Display tests: The 23” and 46” displays were employed
in the tests. In all test sessions, the distance from the
evaluators to the screen was 3H in the case of the 46”
monitor and 2H for the 23” monitor, where H is the
monitor’s height.

• Movement Configuration tests: Four different move-
ment configurations were evaluated (each configuration



was tested for all models and displays):
1) Hyper-parallax, hyper-zoom and tracking turned on;
2) Hyper-parallax and tracking turned on, but with no
hyper-zoom;

3) With tracking only and;
4) With a static model (no tracking).
The object rotation angles (in radians) while the hyper-
parallax was turned ON were calculated as:

! =
4.36uy

!

1 + 11.6u2
y

; " = 4.36ux; (1)

where ! is the rotation angle around the monitor’s hori-
zontal axis, " is the rotation angle around its vertical axis,
and uy and ux are the coordinates of the unit norm vector
corresponding to the direction of the vector connecting
the detected LEDs to the center of the monitor’s screen.
The hyper-zoom scaling factor was computed by the
formula:

Sz = 0.3 + 0.84
dref

nz
, (2)

where dref is the diagonal length of the monitor and nz

is the distance from the point between the LEDs to the
monitors’ screen center.

Figure 4 shows the histograms of the average assessment
versus the disparity values for visual comfort, sense of im-
mersion and the 3D experience (due to space restrictions, only
the average results, computed over all models, are shown). The
error bars for the 23” monitor can be seen in Figure 3 (results
for other data sets are not shown due to space restrictions, but
have shown a similar behavior, including the valley around
the disparity value of 1). It is interesting to notice that the
results indicate that as long as disparity values are below 1,
they have little effect on all the assessed factors. However, as
disparity values increase, the impact on the perceived quality
becomes much more critical to visual comfort than to the 3D
experience when considered as a whole. It is also interesting to
notice that the users’ sense of immersion is not compromised
even for large values of disparities.

Fig. 3. Parameter Grades Vs. Disparity for 23” monitor.

Figures 5(a) – (d) show how different movement con-
figurations (hyper parallax/zoom and tracking turned on/off)
influence the evaluation of the 3D experience for the different
models/tasks. The influence of the movement configuration
on other quality factors for the model “Game” can be seen

in Figures 5(d) – (f). It can be seen that due to the different
nature of the tasks to be executed, hyper parallax and zoom
configurations do not always result in the best experience as
perceived by the evaluators. For example, while the “Game”
model, which requires a more fast-paced level of interaction, is
perceived as more enjoyable in a hyper-parallax environment,
simpler movement configurations may offer a better experi-
ence to models/tasks that do not demand a lot of movement
from the user, such as the “Grid” model. We believe that
this information may help developers to design immersive 3D
applications that are more realistic and appealing to users.
The results comparing the two displays tested can be seen

in Figure 6. The experiments indicate that despite the different
sizes and type of glasses used by each monitor (active/passive),
users have a very similar perception of comfort, sense of
immersion and experience satisfaction.

V. CONCLUSION
In this work we have investigated how parameters such

as disparity, amount of parallax and monitor sizes influence
the quality of experience in a 3D interactive environments.
Our methodology involved designing a specific visualization
and manipulation software for the 3D environment based
on a hyper-parallax, hyper-zoom setup. We also designed a
dedicated testing room and conducted extensive subjective
experiments with a team of evaluators that assessed factors
such as visual comfort, sense of immersion and the 3D expe-
rience as a whole. The obtained results suggest that, as long
as motion parallax is used, user experience in an immersive
environment is not as critically influenced by configuration
parameters such as disparity and amount of parallax as initially
thought. They also indicate that a better understanding of
how this experience is influenced still requires the design
and conduction of more comprehensive testing procedures. We
believe that the understanding of how such parameters degrade
or enhance a 3D experience provide helpful cues to design
more appealing applications leading to better user satisfaction.
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(a) Visual Comfort Vs. Disparity (b) Sense of Immersion Vs. Disparity (c) Experience Evaluation Vs. Disparity

Fig. 4. Quality of Experience for different disparity values.

(a) “Wall”: experience evaluation (b) “Earth”: experience evaluation (c) “Grid”: experience evaluation

(d) “Game”: experience evaluation (e) “Game”: visual comfort (f) “Game”: sense of immersion

Fig. 5. Influence of Movement Configuration on quality factors for different test models.

(a) Visual Comfort Vs. Display Model (b) Sense of Immersion Vs. Display Model (c) Experience Evaluation Vs. Display
Model

Fig. 6. Quality of Experience for different displays.


