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• Implementation with BMLtux [4].
• In VR, observers look through a window at a collection of Rubic’s 

cubes on a table surface while asked to perform lateral body sways.
• Participant about 70 cm in front of the screen; Rubic’s cubes about 30 

cm behind the screen surface according to different depth cues:
o linear perspective and other pictorial depth cues always present,
o presence of BD and MP depending on viewing condition. 

General Methods

Manipulation
• Viewing condition of the ILLUSORY display: binocular 

vs. monocular
Measurement
• Varying gains between -1 and 1 (natural MP) in 

MEASURMENT display to find PSEs.
• Measured both monocularly and binocularly.
Key Result
• PSEs were reliably non-zero when the ILLUSORY 

display was binocular (Fig. 3 top), and clustered near 
zero when one eye was occluded (Fig. 3 bottom).

• Participants are more sensitive to MP with negative 
than with positive gain.

Conclusion
• Binocular disparity is necessary and sufficient to 

generate illusory parallax.

Questions
Under natural viewing, binocular disparity (BD) and motion parallax (MP) provide mutually 
consistent depth information. Head-mounted VR displays can decouple them: BD is
rendered, but head movement no longer produces MP. Moving users now experience a
strong percept of parallactic motion [1]. Predictive coding can account for this illusion (Fig. 1).

Q1: When does illusory parallactic motion arise, and what causes it?
If binocular disparity (rather than other depth cues) gates the parallax prediction, 
looking at the same display monocularly should abolish the illusion.

Q2: What motion direction does the percept adopt? 
According to the predictive coding explanation, the illusory parallax should be 
opposite in direction to physical parallax.

Q3: How do scene context and viewing geometry modulate the percept?
H1: More scene context might provide more material to carry illusory motion. The
       illusion thus becomes larger.
H2: More scene context might make is more obvious to the viewer that there is no
       real image motion. The illusion becomes smaller.

Take-home message
Observers moving in front of a stereo display experience illusory parallactic motion. Our experiments imply an interpretation that confirms with predictive coding theory: Stereoscopic 
depth predicts retinal parallactic motion -- which the display doesn’t deliver. The visual system reports the prediction error as visible motion:
• gated by binocular disparity, and
• opposite in direction of self-induces motion parallax,
• modulated by how the surrounding scene allows the mismatch to be attributed.

• Two-interval forced-choice (2IFC) magnitude comparison:
Which display contains more motion?

• Head-mounted VR (Meta Quest 3)
• Each trial contains two intervals: 

o ILLUSORY display (BD, no MP);
o MEASUREMENT display (no BD, MP with varying gain).

• The point of subjective equality (PSE) of resulting logistic fit 
quantifies the strength of the illusion.

Fig. 1: Illusory parallax understood as
predictive coding error [2, 3].
BD feeds a forward model that takes
non-visual sensory information about
head displacement and predicts the expected 
retinal MP. Predicted MP is then compared to real, 
measured MP. If both match, no external motion is 
perceived. Any mismatch, however, results in 
motion perception.
 

Exp. 2: Direction of perceived illusory motion
Stimuli
• ILLUSORY and MEASURMENT were 

displayed simultaneously side by side.
• Task: Did the two move in the same or 

different direction?
Key Result
• Judgments indicate that illusory 

parallax is opposite the natural head-
movement parallax.

Conclusion
• The percept adopts the opposite sign 

of the missing parallax, reflecting a 
signed prediction error.

Exp. 3: Effect of scene context
Manipulation
• Scene Layout: closed, open, none
• Frame Visibility: visible, hidden
Key Result
• Scene Layout affects the illusion

(F(2,34) = 13.4, p < .001): strongest without 
surround and weakest in closed scenes. 
Frame Visibility did not affect illusion (Fig. 5).

Conclusion
• Support against H1 and for H2 (above): Rich 

surround distributes cue conflicts across the 
visible scene.
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Exp. 4: Effect of viewing angle
Manipulation
• Eight downward viewing angles (2.8° 

to 54.2°, Fig. 6) under binocular 
negative-gain comparison.

Key Result
• PSEs became larger with increasing 

viewing angle (LMM β = −0.0042 / 
deg, z = −11.95, p < 0.001.

Conclusion
• Looking from above results in less 

conflict. Probably due to occlusion 
and relative object placement.

Fig. 3: ILLUSORY was viewed binocularly (top) or 
monocularly (bottom). MEASURMENT was also 
presented binocularly (red) or monocularly (blue). 
Curves show fitted dual-tanh functions. 

Fig. 2

Fig. 6: Illusory parallax increases as the observer adopts 
locations that reduce the visual slant of the horizontal 
surface. Viewing angle of 0°: Eyes are located in the 
horizontal plane. Viewing angle of 90°: Eyes are looking 
down at the horizontal plane.

Fig. 5: Amount of negative parallax in MEASUREMENT 
required to match ILLUSORY.
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Fig. 4: The perceived direction of the illusory parallax 
is opposite to real parallax
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Exp. 5: Effect of viewing distance
Manipulation
• Observer distance from frame (0.4, 0.8, 1.2 m)
• Measured both monocularly and binocularly
Key Result
• Strength of illusion decreases with distance.
• Monocular measurement requires larger

gain (replicating findings from Exp. 1)
Conclusion
• BD decreases with distance which also 

decreases the strength of the illusion.
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Fig. 7: Amount of positive parallax in MEASUREMENT required 
to match ILLUSORY.

• The visual system predicts parallax from stereoscopic depth and discounts it from 
the retinal input to achieve visual constancy during self-motion.

• Scene geometry with the potential to create real MP reduces the illusion.
• Shall we really call the phenomenon “illusory motion parallax”? Or is it rather 

illusory motion attributed to the scene?
• Stereo screens and stereo displays for movies never became very popular. The 

reason might be the conflict between the presence of BD and the absence of MP 
which creates discomfort and visual artifacts. Observers are puzzled, because 
their visual system is neither in presence mode nor in picture mode [5].

[1] Allison, R. S., Rogers, B. J., & Bradshaw, M. F. (2003). Geometric and induced effects in binocular stereopsis and motion 
parallax. Vision Research, 43(17), 1879-1893.

[2] Miall, R. C., & Wolpert, D. M. (1996). Forward models for physiological motor control. Neural networks, 9(8), 1265-1279.
[3] Friston, K. (2010). The free-energy principle: a unified brain theory?. Nature reviews neuroscience, 11(2), 127-138.
[4] Bebko, A. O., & Troje, N. F. (2020). bmlTUX: Design and control of experiments in virtual reality and beyond. i-Perception, 11(4), 

2041669520938400.
[5] Wang, X. M., & Troje, N. F. (2023). Relating visual and pictorial space: Binocular disparity for distance, motion parallax for 

direction. Visual Cognition, 31(2), 107-125.

References

48th European Conference for Visual Perception, Bournemouth UK, Aug 23 – 27, 2026 

Motor
areas

Forward
model

Stereoscop.
depth

motor command
Head

movement

Measured
MPComparator

predicted
MP

visual
consequence

efference
copy

prediction   error

Motion
perception

BD measured
MP


