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ONE-LINE TAKE

When stereoscopic depth predicts a motion-parallax signal that the display does not deliver, the visual system reports the missing parallax as scene motion: opposite in
direction, gated by binocular disparity, and modulated by how the surrounding scene allows the mismatch to be attributed.

| BACKGROUND & QUESTIONS 2 METHOD

Under natural viewing, binocular disparity and motion parallax provide mutually consistent depth Two-interval forced-choice (2IFC) magnitude comparison in a Meta Quest 3 HMD. Each trial pairs
information. Modern head-mounted displays can decouple them: stereoscopic depth is rendered, an ILLUSORY display (binocular disparity, no head-coupled parallax) with a MEASUREMENT

but head movement no longer produces the matching parallax. display (head-coupled parallax, no disparity) whose gain is titrated. The point of subjective equality

(PSE) of the psychometric fit quantifies the strength of the illusion.

A forward-model account predicts that the visual system, expecting a parallax signal from stereo
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depth, registers the missing update as scene motion: a signed prediction error rather than a static Experiment 1 — Trial Structure
. eye Ievel-\-drame center
t ( _
cue conflict. [ Motor Areas } o f Head Movement J | \ 5
command L \ - Interval 1 %
efference copy visual consequenc messurement aispiey ne :
Forward Model ] predicted parallax (t\ measured parallax ( \ 4 Paral Transiton
(Parallax Predictor) | \omparator_z | easured Farallax -
| prediction error interval 2 FIG. AlbertiFrame side-view: observer, frame, embedded
|: Motion Perception J S scene, far background.
FIG. Forward-model architecture (Miall & Wolpert, 1996): stereo depth generates a predicted parallax; the comparator turns the N @g m@ e

missing update into a signed prediction error experienced as scene motion.
WE ASK & PREDICT

Q1 When does illusory parallactic motion arise, and what H1 If binocular disparity gates the parallax prediction, removing it L
stimulus conditions are necessary? should abolish the percept. o

Q2 What direction does the percept take, and does it H2 The percept should match the missing parallax: opposite-signed FIG. 2IFC trial timeline: illusory and measurement
match the forward-model prediction? relative to physical parallax. intervals in counter-balanced order.

Q3 How do scene context and viewing geometry modulate H3 Less scene context attributes the mismatch to the target; steeper

4

FIG. Trial sequence as seen in the Meta Quest 3 HMD:
View 1 — transition — View 2 — response.

the percept? or nearer viewing should strengthen the percept.
3 RESULTS

3.1 Therole of binocular disparity in illusory parallactic motion n=20 3.2 Direction of perceived illusory motion n = 41
MANIPULATION | | | | | | MANIPULATION PORTARDATODE, FREDIETOR
HMD eye state of the illusory display: binocular o e e o T o otaoie e o CEC14E) Direction-judgment task: which way does the percept ~ P=fmactual - a'm_expected
vs. monocular (one eye occluded). — - . move relative to negative vs. positive measurement — P=-a-m_expected (opposite-to-natural)

- \\\\+ g para” aX? Group average: same-direction response vs measurement gain
KEY RESULT g KEY RESULT
P.SEs were re.llably non-zero when the illusory ¢+ Lo N e - T Direction judgments aligned with NEGATIVE
display was binocular (Ju] up to 0.47, p < N N measurement parallax, opposite to natural head-
0.000001), and clustered near zero when one ¢ £ movement parallax (GEE log-odds = =1.86, p <
eye was occluded. _ 52 + 0.000001; d = —1.49). T e
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Binocular disparity is the necessary trigger foi essementsan resserement e The percept matched the missing parallax, attributed
the predicted parallax. CONDITION CODES _(BM)(EM)+- to scene motion rather than head motion.

1st  illusory display B = binocular M = monocular
INTERPRETATION 2nd measurement display B = binocular M = monocular INTERP RETATION _ _ _
forward model has no basis to predict parallax and produces o 7 e Stereo p;'e ction, WNOSE SIgN 1S OPPOsSIte 10 natlral paratiax, so e Scene 1ise
no mismatch to be experienced as motion. appears 1o move.
3.3 Effect of scene context on the illusion n=18 3.4 Effect of viewing angle on the illusion n=12
MANIPULATION g e S SR < D MANIPULATION
3 (scene layout: closed, open, none) crossed with 2 | * o) Eight downward viewing angles (2.8° to 54.2°) | e
(frame visibility: visible, hidden) factorial design. _ T = = . under binocular negative-gain comparison. [l ST
KEY RESULT " KEY RESULT -~ =
Scene layout drove the illusion: strongest with NO \ , " PSEs became more negative i
surrounding environment and weakest in the closed — Saes n monotonically as viewing angle steepened
environment (ANOVA F(2,34) =13.4, p < 0.001). Frame - | = e (LMM B =-0.0042 / deg, z = =11.95, p < P PRI I
visibility produced no reliable difference in PSE (p > == — — 0.000001; shallow-vs-steep d = 2.44).
0.05), and did not interact with scene layout. eset ™ open ™ s CONCLUSION
CONCLUSION Viewing angle strongly modulates the illusion, scaling it up with steeper
Scene context governs where the mismatch is attributed, not whether it is detected. geometry.
INTERPRETATION L T : ISTeLEErzEWEn-CvﬁTcIlCa)ygIeS weaken the background motion parallax that would
A richer surround offers many surfaces to absorb the cue conflict, spreading it across the scene; with little surround it falls almost i _ radict th dicti i Eulfilled st diction dominat
entirely on the target object. The frame alone does not carry that attribution. OtNErWISE tontradicl Ine prediction, so the uniuiified stereo prediction dominates
and the percept grows.
3.5 Effect of viewing distance on the illusion n=18 Five experiments, converging evidence
g 4 C 0 N C L U S I O N Findings broadly map onto the forward-model architecture.
MANIPULATION ST e e 3.1 Binocular disparity activated the parallax prediction (its necessary trigger).
Observer distance from the frame (0.4, 0.8, 1.2 m), crossed with " == oam . . . . . L
. . osl ) 3.2 The percept inherited the sign of the missing parallax (a signed prediction error).

monocular vs. binocular measurement viewing.
KEY RESULT 05 3.3 Less surrounding scene context shaped attribution: illusory motion was assigned to the target object.

PSEs shifted toward zero with greater observer distance in
both viewing modes (LMM 8 =-=0.40, p < 0.000001), and

B

PSE (mean = SEM)

3.4 Steeper viewing angles reduced background-parallax salience and strengthened the illusion.

3.5 Greater viewing distance shrank the discrepancy between predicted and matched parallax.

monocular measurement required larger gain at every distance, 02]

replicating Exp 3.1. INTEGRATIVE CLAIM

CONCLUSION o Monocutar Viewing Mode Binocuiar The visual system infers a parallax signal from stereoscopic depth; when head movement fails to

Greater viewing distance weakens the illusion. deliver it, the unconsumed prediction is registered as scene motion. Its strength scales with viewing
geometry — steeper angles and nearer distances amplify it — while the surrounding scene context

INTERPRETATION L - . . decides whether the motion is assigned to the target object or distributed across the scene.

Parallax scales inversely with distance, so predicted and matched parallax both shrink and the gap between

them narrows, leaving less unfulfilled prediction to be seen as motion. FOR VR DESIGN

LIMITATIONS NEXT STEPS

Cue conflict must be evaluated at the level of the full ~ Self-motion was modest and discrete; scenes were Apply the PSE method as a cue-consistency

viewing Ssituation, not the target object alone. schematic. Naturalistic environments and continuous calibration tool for VR pipelines; model when context
GEOMETRY - distance attenuates ' ' ] , ' ' : .

trajectories remain to be tested attaches the mismatch to object vs. scene
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