
The human visual system relies heavily on motion parallax and binocular disparity to perceive depth (Howard & 

Rogers, 2012; Nawrot & Stroyan, 2009). While these cues typically work in harmony, virtual reality (VR) 

environments can separate them, leading to perceptual conflicts.

One such conflict results in perception of illusory parallax, a sensation of motion that occurs when stereoscopic 
depth is present but motion parallax is not (Shimono et al., 2002; Peterson, 1986; Allison et al. 2003).

We hypothesize that, as users move their heads, the brain predicts and expects retinal motion due to the structure 

implied by stereoscopic depth. The predicted retinal motion is then discounted from the motion to produce a 

stable percept of the world. If no retinal motion occurs, the world is perceived to move.

Questions:

• Under what conditions is the illusion preserved? Does it disappear when closing one eye?)

• How can we measure this phenomenon? Develop a method that can be applied to future 

experiments into its causes.

• How can we explain it? Develop a testable hypothesis about its causes.
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• T-tests were used across different conditions.

• Hyperbolic tangent functions were used to fit data, with offset and 

the slope being the variables to optimize.
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• The results support the idea that the brain forms predictions about expected motion parallax based on 

stereoscopic depth cues. When parallax is absent (as in the Illusory Parallax view), these predictions result in 

the perception of illusory motion.

• This phenomenon aligns with forward model theories, where the brain generates internal predictions of 

sensory outcomes based on motor commands (e.g., head movement), and compares them to actual sensory 

input.

• The illusion only occurs when binocular disparity is present; i.e., both eyes are open in the Illusory Parallax 

view. In monocular viewing, the illusion disappears, suggesting that stereo vision is necessary to trigger 

these predictive mechanisms.

• Negative parallax feels faster than positive parallax at the same gain, suggesting that reversed motion is 

perceived as more salient or unnatural .

• Altogether, these findings reinforce the notion that perception is an active, inferential process, and that 

illusions like this one reveal the underlying computations used by the brain to maintain a stable and coherent 

experience of the world.
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Figure 2: This figure displays the average comparison responses across all participants for each parallax gain value, with error bars representing the 

standard error of the mean (SEM). The responses quantify how often participants judged the Illusory Parallax view containing more motion than the 

Real Parallax view. Additionally, the plot highlights Points of Subjective Equality (PSEs) estimated from the fitted psychometric functions, offering a 

quantitative measure of the perceived strength of the illusion across positive and negative gain ranges.

• In the Illusory Parallax view, participants perceived motion despite the absence of actual Motion 

Parallax. 

• Negative parallax feels faster than positive parallax at the same gain.

• Illusory Parallax is only preserved when both eyes are open. When the Illusory Parallax stimulus is 

presented monocularly, the illusion disappears.

Parallax-
Monocular 
vs Illusory 

Parallax

Parallax-
Binocular vs 

Illusory 
Parallax

Mean 0.596 0.753

Std 0.098 0.133

Min 0.416 0.361

25% 0.555 0.764

50% 0.611 0.805

75% 0.653 0.833

Max 0.750 0.861

Mean Compare Responses(Positive Gain)

t-statistic: 6.2415 

p-value: 0.00001

Cohen's d: 1.4319

 Significant difference between conditions

Parallax-
Monocular 
vs Illusory 

Parallax

Parallax-
Binocular vs 

Illusory 
Parallax

Mean 0.551 0.530

Std 0.081 0.0900

Min 0.389 0.277

25% 0.5000 0.486

50% 0.555 0.527

75% 0.6111 0.583

Max 0.666 0.694

Mean Compare Responses(Negative Gain)

t-statistic: -1.000

p-value:0.3306

Cohen's d: -0.2294

 No significant difference between conditions

Figure 4: Forward model framework for illusory parallactic motion in VR. Motor commands for head 

movement generate efference copy to forward model, which predicts expected motion parallax. 

When visual system provides only stereoscopic information (no actual parallax), the prediction 

error manifests as illusory motion perception (Miall & Wolpert, 1996; Wolpert & Kawato, 1998)..
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Procedure

Design

• Sub-Experiment 1: 132 Trials

• Illusory Parallax (Binocular  Vision) – same over trials

• Real Parallax – gain varies over trials

• 2 Viewing conditions (Monocular, Binocular) | 2 Orders | 3 Repetitions

• 11 Gains (-1, -0.5, -0.25, -0.125, -0.0625, 0, 0.625, 0.125, 0.25, 0.5, 1) 

• Sub-Experiment 2: 60 Trials

• Illusory Parallax (Monocular Vision) – same over trials

• Real Parallax – gain varies over trials

• 2 Viewing conditions (Monocular, Binocular) | 2 Orders | 3 Repetitions

• 5 Gains (-1, -0.125, 0, 0.125, 1)

• All 192 trials from both sub-experiments were shuffled into a 

random order.
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Figure 1:The horizontal axis represents parallax gain in the Real Parallax view, ranging from 

negative (reversed motion) to positive (natural motion). The vertical axis indicates the 

participant’s comparison response (0–1), where values closer to 1 mean the Illusory parallax 

view appeared to contain more motion. Separate tanh functions are fitted to the positive and 

negative gain ranges to capture asymmetries in perception.
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Figure 3: Left: Mean comparison responses for negative (left table) and positive (right table) parallax gain values under monocular 

and binocular parallax-only conditions. Right: Group PSEs(± SEM)
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• N = 19 • Age = 18-51

• Illusory Parallax: 

    Presence of Stereoscopic depth in the absence of Motion Parallax.

• Real Parallax:

    Motion Parallax with varying amount of gain to compare with the illusion.
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