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ABSTRACT

Participants in the virtual environment will have an immersive and memorable perceived experience through interacting
with virtual objects. Recently, commercial virtual reality technologies have released simple and cost-effective smartphone-
based head-mounted displays (HMD) and high-quality wide field-of-view (FOV) HMDs. However, due to the vergence-
accommodation conflict structure of HMD and the learned cognition mechanism in real, side effects such as dizziness and
nausea remain challenging to overcome. This study focuses on consistent size perception among various cognitive
difference factors, which are essential for interaction with virtual objects. We verified whether the visual angle, which
affects the size perception of an object in real, is also the main factor in the virtual environment. Our experiments derived
the relation between the visual angle and the environmental components, shadow, and grid, which help perceive a virtual
object. As a result of the regression analysis, we presented that in the small FOV HMD environment, the visual angle
affects size perception, and the relation between the shadow and the grid is statistically significant.
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Fig. 1 Principle of size perception. Objects 1, 2, and 3
have the same visual angle and retinal image size.
Therefore, the eye distinguishes objects’ sizes based
on the difference in distance.
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Fig. 2 Experimental setup. (a) The subject observes a
25cm cube placed at a distance of 230cm horizontally.
(b) The virtual environment provides a realistic scene
by a virtual camera that fits the subject eye’s height.
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Fig. 3 Regression analysis between the visual angle and differences of real and virtual perceived size on
(a) Samsung Gear VR, (b) Oculus DK2, and (c) HTC VIVE
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Fig. 4 Experimental virtual environment to analyze the
relationship between environmental components and
size perception. Subjects watch (a) a referential virtual
scene, (b) a shadow rendering scene, and (c) a grid
rendering scene.
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Fig. 5 Regression analysis result of size perception
according to the shadow rendering environment.
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. (b) Grid rendering
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Fig. 6 Regression analysis result of size perception
according to the grid rendering environment.
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