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ABSTRACT

Depth perception is essential for our daily experiences, aiding in
orientation and interaction with our surroundings. Virtual Reality
allows us to decouple such depth cues mainly represented through
binocular disparity and motion parallax. Dealing with fully-mesh-
based rendering methods these cues are not problematic as they
originate from the object’s underlying geometry. However, ma-
nipulating motion parallax, as seen in stereoscopic imposter-based
rendering, raises multiple perceptual questions. Therefore, we con-
ducted a user experiment to investigate how varying object sizes
affect such visual errors and perceived 3-dimensionality, revealing
an interestingly significant negative correlation and new assumptions
about visual quality.

Index Terms: Human-centered computing—Visualization—
Emipirical sutdies in visualization; Applied computing—Law, social
and behavioral sciences—Psychology;

1 INTRODUCTION

Depth perception is an important part of our everyday experiences.
It plays a crucial role in orientation and interaction with our sur-
roundings. Within the field of virtual reality (VR), it is essential for
VR systems to match the quality of depth perception experienced in
the real world to create the most immersive experience possible and
increase presence [1, 4].

The two most prominent depth cues, which are also considered
by VR systems, are binocular disparity and motion parallax. While
both of these cues are inherently linked together in the real world,
VR offers us the possibility of decoupling them to gain more insight
into the workings of human depth perception [2]. One example
for the decoupling of binocular disparity and motion parallax are
stereoscopic impostors [3]. This image-based rendering technique
provides binocular disparity cues by showing two pre-generated
images of an object to the corresponding eyes of the viewer. Correct
motion parallax cues are provided by raymarching a heightfield,
which is associated with the depth map of a pre-generated image.
Modifying the scale of the depth map controls the amount of mo-
tion parallax that is generated without affecting binocular disparity.
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Figure 1: Overview of our different models used in our experiment:
Bison (top-left, only for introduction), bunny (B), mammoth (M) and
space shuttle (S).

As most image-based techniques, the impostor algorithm is prone
to disocclusions in areas which were previously not visible in the
pre-generated image. While small disocclusions can be mitigated
via inpainting, disocclusions spanning a large depth extent are com-
monly discarded. Reducing the scale of the depth map can help
lower the disocclusion probability. However, it will also reduce the
amount of generated motion parallax, creating a cue inconsistency
with binocular disparity.

This paper investigates the effects of reduced motion parallax on
the visual quality of the stereoscopic impostors technique. To this
end, a user study is conducted where participants rate the perceived
3-dimensionality, as well as the visual error of different objects
rendered using a reduced amount of motion parallax.

2 EXPERIMENT

Our experiment (n = 16) used a within-subject design and took
place in a large room with 40m2 where the subjects could walk
freely while wearing a Meta Quest 2 head mounted display. Three
different objects with varying topological structure are presented to
the subjects. Each object impostor was rendered with full binocular
disparity cues, but using 11 different depth map scale values, which
translate to motion parallax gains ranging from 0 to 1.0 in 0.1 steps.

After each iteration, the subjects were asked to rate the visual
quality of the object representation. In the context of our experi-
ment, we defined visual quality as an orthogonal combination of
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3-dimensionality and visualization error. A 7-point Likert scale
(1=strongly disagree, 7=strongly agree) was used to answer the two
questions: ”The 3-dimensionality of the object convinced me” and
”The object had strong visualization errors”.

The term 3-dimensionality refers to the subjective depth of the
object and is simplified so that test subjects without prior knowledge
of computer graphics can describe it. The term visualization error
should refer to the overall image quality of the displayed object
and accounts for various forms of systematic distortions, which are
discriminable in a no-reference quality assessment.

2.1 Conditions & Procedure
For our experiment, we chose four different objects varying in size,
shape and depth complexity. We chose known shapes to give subjects
a reference and positioned and rotated them in a way to have different
dimension in the z-axis from the subject’s point of view (zI , zM , zB,
zS). The selected objects are the bison (I, zI = 2.71), mammoth (M,
zM = 3.13), bunny (B, zB = 1.81) and the space shuttle (S, zS = 9.05)
(see Fig. 1). The bunny object represents the best behaved model,
as it has the lowest depth extent and its geometry has also a low
disocclusion potential. The skeleton structure of the mammoth
model ensures a very high disocclusion potential, however, due to
its lower depth extent, most visible disocclusions are covered by
inpainting. The space shuttle model has the highest depth extent out
of the selected test objects. Due to this, a majority of disoccluded
areas are discarded instead of inpainted.

Our experiment started with a training session and the bison
model to create a baseline and to have an example of clear occlusion
artifacts on the legs. To trigger motion parallax cues, the subjects
were motivated to move on a pre-defined path while viewing the
impostor. Subjects were guided by an unintrusive visual indicator
in their lower visual field. The main session involved the rating
of the bunny, mammoth and space shuttle objects. Once an object
was randomly selected, all of its ten motion parallax levels were
presented in random order.

3 RESULTS

We conducted multiple Spearman’s correlation tests to evaluate the
relationship between motion parallax, perceived 3-dimensionality
and visual error. The results reveal a significant negative re-
lationship between perceived 3-dimensionality and visual error,
rs(528) =−.506, p=< .001 but no significant correlation of motion
parallax and visual error (rs(528) = .012, p = .786). However, a sig-
nificant relation is found for motion parallax and 3-dimensionality,
rs(528) = −.309, p =< .001. Split up by the objects, a Fried-
mann significance test with related samples shows a significant
difference between perceived 3-dimensionality and visual error,
χ2(2) = 52.494, p < .001. The mammoth and bunny show a nega-
tive correlation between both measured aspects of visual quality -
rsM (11) =−.865, pM =< .001, rsB(11) =−.610, pB =< .001. The
space shuttle, on the other hand, has a positive correlation between
3-dimensionality and visual error, rsS(11) = .761, pS = .006. For
the bunny model, a final correlation test is performed between the
parallax values of the motion greater than 0.5 and the visual error.
No correlation was found, rsB(288) = .01, pB = .868.

3.1 Discussion
Against our expectations, the visual error did not increase with
motion parallax for all objects. Only the space shuttle model showed
higher visual error for stronger motion parallax scales. The bunny
and mammoth models behaved inverted in terms of visual error (see
Fig. 2). 3-dimensionality correlated positively with motion parallax
for all tested objects, although their relationships seems to be non-
linear. For example, the bunny model reached diminishing returns
at a parallax value of 0.5. In contrast to our initial assumption,
3-dimensionality and visual error are not orthogonal aspects of
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Figure 2: Overview our mean results (±SEM) of motion parallax split
up by the objects. Negative correlations were found for mammoth and
bunny and positive one for the space shuttle. (1= strong disagree, 7 =
strong agree)

visual quality. They are strongly correlated, and the direction of
the relationship depends heavily on the object type. A possible
explanation could revolve around the use of inpainting to cover
disoccluded fragments. When most fragments are discarded, as seen
on the space shuttle model, the disocclusions are interpreted as a
visual error. With most fragments inpainted however, visual error
is interpreted differently as no visible ”gaps” are observable. In
addition to this, it is also possible that the term ”visualization error”
covers a wide semantic range, that could be considered too vast. As
a result, it was sometimes unclear to the subjects what kind of error
to look for.

4 CONCLUSION & FUTURE WORK

In conclusion, a user experiment was performed to evaluate the
influence of inconsistent depth cues on the visual quality of a VR
application. The stereoscopic impostors technique was used to
render objects with full binocular disparity but with reduced motion
parallax. While the 3-dimensionality of objects increased with higher
levels of motion parallax, the correlation direction of visual error
and motion parallax was strongly dependent on the observed object.
Our experiment highlights the need for a unified definition of visual
quality in VR, as well as a corresponding set of questions that
consider classical image quality aspects, as well as VR specific
aspects of depth perception.
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