
• An infinite number of object 

size and distance 

combinations can produce the 

same retinal image, resulting 

in size-distance ambiguity 

(Kilpatrick & Ittelson, 1953). 

• Sret = Strue ÷ Dper
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Study Objectives
To what extent do MP and BD support size constancy, and does their 

combination produce additive or non-additive effects on perceived size?

• BD was predicted to support accurate size constancy similar to conditions 

when both cues are present, as it provides the metric distance information 

necessary for size-distance scaling. 

• MP alone was predicted to produce systematic size distortions that 

increase with object distance, as object size cannot be reliably scaled without 

the distance information supplied by BD. 

The role of MP and BD in size perception was examined across two studies using 

two different VR display formats: (1) an HMD, and (2) an autostereoscopic 

screen, both of which allowed independent manipulation of their availability.

Figure 1. Size-distance ambiguity in retinal image formation.

• To resolve this ambiguity, the visual system relies on the available depth cues 

to infer object distance and to scale the perceived size accordingly.

• Binocular disparity (BD) provides precise, instantaneous depth information 

and is most effective at near distances. 

• Motion parallax (MP) provides relative depth through observer movement but 

requires temporal integration and independent calibration (Ono et al., 1986). 

• Using virtual reality (VR) head-mounted display (HMD), Wang and Troje 

(2023) demonstrated that BD better supports distance perception than MP. 

Methods
Participants

• N = 48 (n = 24 HMD, n = 24 screen) 

adults (18+) with normal or corrected-to-

normal vision

HMD Study Screen Study
A.

B.

A.

B.

Figure 2. HMD presentation of the 

virtual environment. Examples show 

the test cube (middle) at a distance 

of (A) 10 cm and (B) 50 cm.

Figure 3. Stimuli presentation on the 

autostereoscopic display. Examples 

show the test cube (middle) at a 

distance of (A) 10 cm and (B) 50 cm.

Experimental Manipulations

• Viewing condition:

• Window (both BD + MP present)

• BD-only

• MP-only

• Picture (neither BD nor MP present)

• Test cube distance: 10cm, 30cm, 50cm 

from the Alberti frame.

• Reference Cube: additional, constant 

size cube inside the frame, present 

during 50% of trials.

Task: Is the test cube larger or smaller than 

the constant cube?

Measures

Point of Subjective Equality (PSE): 

• The point at which the test cube was equally likely 

to be judged as “larger” or “smaller” than the 

constant cube, indicating that they were perceived 

as equal in size.

• Estimated using logistic regression to fit a 

psychometric curve to each participant’s responses.

Size Constancy Violation Index (SCVI):

• Captures how PSEs shift across test cube 

distances, thus quantifying the degree and direction 

of distance-dependent size distortion.

• Estimated by fitting the slope of a linear function 

fitted through the three distance-specific PSE 

estimates.

Apparatus

• HMD Study: Meta Quest 3 HMD

• Screen Study: Acer SpatialLabs View 

Pro 27 Autostereoscopic Display

Rubik’s Cube Stimuli

• Constant Cube: real-world sized cube, 

always present outside the Alberti frame.

• Test Cube: main stimulus within the 

Alberti frame, from 85-115% of real-world 

size.

Results

H
M

D
 S

tu
d

y
S

c
re

e
n

 S
tu

d
y

Figure 4 . Mean PSE estimates in the HMD Study (top row) and Screen Study (bottom row) for (A) each viewing condition, (B) each viewing condition by cube distance from the Alberti frame, and (C) each viewing 

condition by reference cube presence. (D) Depicts group-level SCVI estimates; error bars represent standard error.

• BD availability 

significantly reduced 

distance-dependent size 

distortion. 

• Distance-dependent size 

distortion was 

significantly steeper 

when BD was absent. 

• MP availability had no 

significant effect on size 

constancy.
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BD, not MP, is the primary depth cue supporting size constancy at near distances. BD alone was sufficient for accurate size constancy, while MP alone was not, with size distortions in 

BD-absent conditions worsening systematically with viewing distance. When BD was unavailable, size perception became increasingly distorted with viewing distance regardless of 

whether MP was present. These findings are consistent with the Size-Distance Invariance Hypothesis (Kilpatrick & Ittelson, 1953), which posits that accurate size perception requires 

reliable metric distance information; precisely what BD, but not MP, provides. These results have practical implications for the design of VR, AR, and surgical display systems, where 

stereoscopic depth is often compromised; loss of BD may introduce systematic size distortions with meaningful consequences for precision tasks such as minimally invasive surgery. 

Future work should examine how the relative contributions of BD and MP shift across a wider range of viewing distances.

In the HMD study, PSE values varied more across cube distance when BD was absent, particularly in the Picture and MP-only conditions, indicating stronger distance-dependent size 

distortion (Figure 4). Conditions without BD produced higher size constancy violations, whereas BD-present conditions produced fewer, demonstrating that size constancy remained 

more intact when BD information was available. A mixed repeated-measures ANOVA (not shown) revealed that the absence of BD resulted in significantly higher size constancy 

violations than when it was present (HMD: F = 12.40, p = .002; Screen: F = 4.31, p = .02). The screen study (Figure 5) displayed a similar pattern, where BD-only produced lower 

SCVI values than MP-only. A mixed repeated-measures ANOVA (not shown) revealed a marginal BD × MP interaction (Screen: F = 4.29, p = .05), suggesting that BD reduced 

distance-dependent size distortion regardless of whether MP was available.
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• PSE was closest to size 

constancy (dashed line) 

in the Window and BD-

only conditions. 

• PSE increased most 

steeply with distance in 

the MP-only condition. 

• Window produced the 

lowest SCVI, followed 

closely by BD-only.

• MP-only had the least 

stable size constancy 

across distances.

HMD Study

Screen Study
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