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Introduction

When looking at a picture of a human face in half-
profile view, human observers tend to overestimate
the orientation of the face35. For instance, if oriented
35° with respect to the fronto-parallel view, observers
asked to estimate the orientation indicate an angle of
about 45° (Fig. 1). What is the cause for this facial
orientation bias? We tested three different
hypotheses to explain the mechanism behind this
experienced bias:

(1) Due to the twofold nature of pictures, the planar
shape of the medium induces depth compression
of the depicted content*5.6.7,

(2) The optic array coming from an Iimage is
interpreted as if it came from a 3D object. If so,
disparities between the picture’s center-of-
projection and the observer’s vantage point (VvP)
cause depth distortions?.

(3)Unless additional information is provided, the
visual system uses a shape prior that assumes a
circular horizontal cross section, rather than

matching the elliptical cross section of a typical
head’.

Figure 1: The same face oriented 35" (A) and 45" (B) left. When

asked which head is oriented 45° left of a frontal view, observers
tend to choose head A.

Figure 2: Effects of compression of subjective space on apparent
angular orientation. Two heads (represented as circles) from a
top-down view. A shows the unaltered head viewed in the real
world, in which the orientation relative to the frontal is a clear 45°.

B shows the same image compressed in depth by 50%. Doing this
causes the angle to appear to be more obtuse.
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THE BRAIN IN ACTION

Experiment 1: Twofoldness of pictures causes depth compression

Methods

Participants: 22 participants (5 male: 17 female)

Materials: The virtual environment was designed in Unity3D and
presented using an HTC VIVE head-mounted display (HMD). Stimuli
consisted of 6 computer-generated heads.

Procedure: In a virtual room, participants stood on a platform facing a
frame on a wall, dubbed the “Alberti frame”. The Alberti frame changed its
behavior between trials, sometimes acting as a window, a picture, or one
of two intermediate conditions (motion parallax only or stereopsis only).
Each trial participants were presented with a head on a pedestal facing a
random direction and were instructed to adjust the head such that it was
facing 45" away from the frontal position. Answers indicated the angles
which were perceived as 45° in each condition.

Analysis: Three-way repeated measures ANOVA in R.
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Conclusion: This hypothesis was incorrect

Experiment 2: Deviations between vantage point and projection point causes depth compression

Methods

Participants: We recruited 20 participants (16 male: 4 female) randomly
through social networks.

Materials: This experiment was created using PsychoPy and run online
using Pavlovia. Stimuli were generated by rendering faces from different
distances using a virtual camera in MATLAB, thus causing varying
expected compressions.

Procedure: Participants sat themselves at arms-length (approximately 60
cm) in front of their computer monitors. They were then shown faces
rendered such that VvP varied at two different subtended visual angles.
Participants used the “left” and “right” arrow keys to indicate whether they
perceived the displayed pictures as either looking left or right of 45° left of
the participant. This data was used to generate psychometric curves whose
PSEs correspond with the angle the participant perceived to be 45" and
whose JNDs indicate sensitivity.

Analysis: Forced-choice responses were modelled using a psychometric
function. Three-way repeated measures ANOVA was conducted on
resulting PSE and JND scores in R.
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« Effect of expected compression on orientation bias is very
small, so likely not a causal factor.

» Larger visual angles reduce orientation bias

« Conclusion: This hypothesis was incorrect, though the
larger bias indicates an important difference between
experiments 1 and 2

Experiment 3: Incorrect cylindrical face prior causes bias in absence of shape information

Methods

Participants: We recruited 17 participants (6 male: 11 female) through
York University’s undergraduate research participant pool (URPP).
Materials: This experiment was created and run on PsychoPy. Stimuli were
generated by capturing photos and videos of mugs in Unity3D. Participants
used a chin rest to maintain a constant distance (60 cm) from the monitor.
Procedure: Participants were shown pictures and videos (in which stimuli
quickly pivoted) of mugs from varying elevations. They used the “left” and
“right” arrow keys to indicate whether they perceived the displayed mugs as
either looking left or right of 45" left of the participant. This data was used to
generate psychometric curves whose PSEs correspond with the angle the
participant perceived to be 45" and whose JNDs indicate sensitivity.
Analysis: Forced-choice responses were modelled using a psychometric
function. Three-way repeated measures ANOVA was conducted on
resulting PSE and JND scores in R.
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Discussion

The results of these experiments each
motivated the next, and collectively offer a more
comprehensive understanding of the perceptual
mechanism involved in the facial orientation
bias. Experiment 1 utilized a method of
adjustment, which offered additional shape
information in the form of structure-from-motion.
Alternatively, Experiment 2 utilized constant
stimuli, and the magnitude of the bias was twice
as large as In Experiment 1. This led to
Experiment 3, which proved that the main
source of the bias is an incorrect shape prior
which can be informed by adding geometric
information, through structure-from-motion or
elevation, to mitigate the facial orientation bias.
Additionally, shape-from-motion is generally
available in the real world, but not in pictures,
which could explain why this phenomenon is
most reported in the pictorial medium.

Conclusion

* The orientation bias that we observed in face
perception is stronger in pictures than in the
real world.

 The reason is NOT the twofold nature of
pictures.

* It is also NOT due to disparities between
point of projection and vantage point.

* The human visual system seems to go with a
heuristic default that approximates the shape
of the human head with a cylinder.

« Additional sensory information about the
head/mug shape reduces the magnitude of
the orientation bias.

« Sources include shape-from-motion (passive
or active), elevation, motion parallax, and
subtended visual angle

References

[1] Cornelis, E. V. K., van Doorn, A. J., & Wagemans, J. (2016). Reference Frames and 3-D
Shape Perception of Pictured Objects: On Verticality and Viewpoint-From-Above. /-
Perception, 7(3), 204166951663728. https://doi.org/10.1177/2041669516637286

[2] Farber, J., & Rosinski, R. R. (1978). Geometric Transformations of Pictured Space.
Perception, 7(3), 269—282. https://doi.org/10.1068/p070269

[3] Goldstein, E. B. (1987). Spatial layout, orientation relative to the observer, and
perceived projection in pictures viewed at an angle. Journal of Experimental
Psychology: Human Perception and Performance, 13(2), 256—266.
https://doi.org/10.1037/0096-1523.13.2.256

[4] Hecht, H., van Doorn, A., & Koenderink, J. J. (1999). Compression of visual space in
natural scenes and in their photographic counterparts. Perception & Psychophysics,
61(7), 1269-1286. https://doi.org/10.3758/bf03206179

[5] Nanay, B. (2011). Perceiving pictures. Phenomenology and the Cognitive Sciences,
10(4), 461-480. https://doi.org/10.1007/s11097-011-9219-x

[6] Troje, N., Rosen, D., Eftekharifar, S. (2018). Facial orientation biases in visual vs.
pictorial space. Vision Science Society meeting, St Pete Beach, FL. [Abstract
published in: Journal of Vision 18 (10):514]

[7] Wollheim, R. (1998). On Pictorial Representation. The Journal of Aesthetics and Art
Criticism, 56(3), 217-226. https://doi.org/10.2307/432361



