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Vision: The Anti-Cognitive Revolution 
Paul Linton 

 
The key question of perception for most theorists of perception is vision. And the key 
question of vision for most theorists of vision is 3D vision. So it’s no surprise that 3D 
vision becomes the site of big battles over the nature of perception.  
 
It’s typical these days to describe vision as a “Cognitive” process. What this means is 
that the visual system is involved in “making a guess” about the outside world. For 
instance, when the outside world is projected on the retina, the resulting 2D retinal 
image is consistent with innumerable objects of different sizes and different shapes, 
and so vision has to “guess” what that true values of scale and shape are.  
 
 
 
 
 
 
 
 
Ambiguity as to Scale (Size + Distance)                     Ambiguity as to 3D Shape   
 
Generally vision has been thought of as an Cognitive Inference or “guess” about the 
world since at least the 1960s with people like Richard Gregory and Irvin Rock.  
 

     
 
This way of thinking is also reflected in Gombrich’s “beholder’s share”, so I’m 
expecting serious insights from the art historians! This way of thinking has 
continued to dominate for 60+ years. And the last 30 years has seen a particular 
version of it come to the fore: “Perception as Bayesian Inference”. The basic idea of 
Bayesian inference is that you weight different interpretations of the sensory data that 
come in according to how likely they are given your previous experience.  
 
So, to give an example, what is the probability I’m seeing someone wearing a 
Manchester United shirt if I see someone wearing a red football shirt? Very high if I’m 
in Manchester, but relatively low I’m in London (more likely to be Arsenal).  
 
Ok, so what does this look like as a model of vision? Well traditional accounts of 
Bayesian perception (in the Knill and Richards book, above) is something like this. 
Imagine you’re trying to estimate the slant of a 3D surface. You might get an estimate 
from texture/perspective that says the slant is 15 degrees. And you might get an 
estimate from stereo vision saying that the slant is 15 degrees. Vision is supposed to 
take an average between the two (20 degrees). In practice, it takes a weighted 
average depending on how certain each cue is about its estimate. See how stereo 
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‘Depth Cue Integration in Monocular and Binocular Vision’ 

 
The shape and scale of 3D objects is inherently ambiguous, as these two diagrams illustrate:  
 
 
 
 
 
 

Shape is ambiguous  Scale is ambiguous 
 

Diagrams from Howard et al. (2014) 
 
Shape is ambiguous because very different 3D shapes can produce the same 2D retinal image. 
Scale is ambiguous because a small object up close and a large object far away can also cast 
the same 2D retinal image. One of the essential questions of vision science is therefore how we 
can recover this missing third dimension to provide us with a sense of shape and scale? Most 
vision scientists regard these question as largely settled. On the question of scale, it is 
commonly believed that the visual system has access to distance information through at least 
two mechanisms: 1. ‘vergence’ (the angle of the eyes: the closer an object is, the more the eyes 
have to rotate to fixate upon it), and 2. ‘accommodation’ (the focal power of the lens: the closer 
an object is, the stronger the lens has to be in order to bring the object into focus): 

 
 
 
 
 
 
 

                           Vergence                           Accommodation 
 
Whilst on the question of shape, it is commonly believed that the visual system infers the 
missing depth by integrating a number of depth cues together such as 1. binocular disparity 
(the difference in the perspectives of the two eyes), 2. perspective, and 3. shading, in a process 
known as ‘cue integration’.  

The purpose of my thesis is to challenge both of these accounts. On the question of 
scale I demonstrate that vergence and accommodation are not effective cues to distance once 
confounding cues have been controlled for. This leads me to question not only vergence as (a) 
a cue to distance, but also vergence as a cue to (b) motion, (c) size, and, via disparity scaling, 
(d) 3D shape. Indeed, if vergence and accommodation do not provide absolute distance 
information then it is unclear what does, arguably leading us to the conclusion that vision does 
not provide us with absolute scale information. On the question of shape I argue for a 
reinterpretation of cue integration according to which shape processing is a two-stage process: 
first, the perception of 3D shape on the basis of binocular disparity, and second, the cognitive 
attribution of shape on the basis of pictorial cues plus perceived depth. This is quite a departure 
from the existing literature, but helps us to make sense of a number of apparent conflicts and 
ambiguities in cue integration for depth and motion perception.  
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vision’s estimate isn’t that wide – it’s pretty certain it’s around 25 degrees – so you 
might weight your overall estimate more towards that, so average = 22 degrees. 
 

 
 
More recent versions of 3D vision go even higher level still. So Josh Tenenbaum at 
MIT is famous for advocating an “inverse graphics” approach to human 3D vision.  
 

 
 
On this approach, the human brain simulates various different versions of the scene in 
a “game engine” in the head – using different combinations of Lighting, Material, and 
3D Shapes – until it gets a good match. And then, because the brain accurately 
simulated the scene, it has a good idea of what 3D Shape etc. caused it.  
 
By contrast, I don’t think that 3D vision is anything like this. It’s not trying to work out 
the properties of the physical world by any kind of guesswork. Indeed, I would argue 
that it’s not trying to work out the physical properties of the world at all! 
 

Early 1600s 
 
The high-level “Cognitive” account is something that’s been historically dated back to 
Ibn al-Haytham’s Book of Optics (c.1021). But my own research focuses on a much 
easier case to think about: How do we get 3D vision from two eyes? 
 
Kepler and Descartes in the early 1600s had this well worked out with their 
‘triangulation’ theory of vision. Illustration from Descartes’ Treatise on Man (1630s). 
So the account is very simple. Because we have two eyes now, instead of one, the 
inverse optics problem solves itself. Light travels in a straight line from points in the 
world (A, B, C) to points on the retina, and so all the visual system has to do is project 
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those points on the retina back into the 
world, and work out where they intersect, to 
recover the location of points in the world. 
And this has been the leading account of 
stereo vision for 400 years. There is a slight 
complication to this account, that Kepler and 
Descartes immediately noticed and 
incorporated. Unlike many animals, humans 
have rotating eyes, and the points projected 
on the retina depend on how the eyes are 
rotated. So instead of “points on retina à 
points in the world” you now need to go 
“points on retina à work out eye rotation à 
points in the world”. But Kepler and Descartes 
presupposed that the human visual system 
simply knew where the eyes were pointing. 

 
And so this is pretty much the account of stereo vision we have today. Going from 
points on the retina back out to points in the world.  
 

QUIZ TIME! 
 
Vision was a hot topic in the early 1600s, and everyone had treatises on Optics! 
 
Question 1: (A) below is an illustration from François d’Aguilon’s treatises on Optics 
(1613), but who was the artist who did the illustrations?  
 
Question 2: (B) below is from someone else’s treatises on Optics (1646, never 
published), this time someone remembered for political philosophy. Who was it?  
 
Question 3: Who did the illustration in (B) below? Someone who later came to be 
regarded as one of the first economists / statisticians?  
 
Question 4: What needed correcting in (B) below? 
 
                                                     A                                                                         B 
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Question 5: Which 15th Century figure almost pre-empted the Descartes model? 
 

     
 

Early 1800s 
 
There’s two ways of thinking about vision. One is as an external observer of someone 
perceiving (bird’s eye view of the process). Another is as the observer themselves. The 
big leap that Charles Wheatstone made in the early-1800s (1838 to be precise), was 
to notice how the top-down geometry described by Descartes manifested itself in the 
retinal image the observer sees. The simple point is that when an object is close, the 
spacing between the eyes leads to a different perspective in each eye:  
 
       Different retinal images when close           Same retinal image when far away  

  
 
Now it’s said that the only reason the person in Question 5 missed this is because 
their object was a round ball (vs a square cube), so no change in perspective. But I 
don’t think that’s it. I think the key advance was to stop being a scientist – stop asking 
what it looks like from the “outside” – and start being an artist – start asking what it 
looks like from the “inside”. If only the person in Question 5 had been an artist! 
 
But we have a problem. What happens when you look at something flat up close? 
 

 

Object Close
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Object Far Away
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The projected retinal image of a flat object up close looks very similar to a 3D object 
viewed from far away! In both cases, the retinal images are of the two eyes are almost 
identical. So Wheatstone’s “internal point of view” (vs Descartes’ “external point of 
view”) highlights an important dilemma – we need to know the distance of the object 
in order to disambiguate whether it is a flat object up close or a 3D object far away.  
 
And I would argue you have 3 options:  
 

1. Simple Mechanism  
 

2. Go Cognitive  
 

3. Go Linton  
 
Simple Mechanism: Does the visual system have a distance range-finder? Some 
animals, like bats, have echolocation? And historically, ‘extramission’ theories of vision 
hypothesised that humans emitted light rays that returned to the eye. But neither of 
these two seem to be options. So how can human vision estimate distance?  
 
Well, the closer an object is, the more the two eyes have to rotate inwards in order to 
fixate on it. This is known as “vergence”, and since Kepler and Descartes “vergence” 
has been thought of our most important source of absolute distance information, 
especially at close distances. Questioning this is central to my project! 
 
“Vergence” is thought to provide a noisy but compressed source of distance 
information to enable the visual system to recover 3D shape in stereo vision.  
 
The classic experiment of this is Johnston (1991). She had participants view a side on 
cylinder, and they had to set it so that it looked regular, i.e. ‘b’ = ‘a’ in the left picture 
(the two circles = observer’s eyes). What she sound is that the shape that people set 
‘b’ to depended on the viewing distance (red arrow in left picture). So at 107cm they 
were close to perfect (perfect = the dotted line). But at 53cm, the cylinder they 
produce is flattened, suggesting that stereo vision must be accentuated at close 
distances (because this looks like a regular cylinder to them). Conversely, at 214cm, 
the cylinder they produce is accentuated in depth, suggesting that stereo vision must 
be flattened at far distances (because this looks like a regular cylinder to observers).    
 

   
 
The explanation in the literature (right panel) is that the distance estimates from 
vergence are compressed. So 53cm is internally reported as 60cm. 214cm is internally 
reported as 125cm. But the general idea of using a distance estimate from vergence 
to work out 3D shape remains intact. And that is what I want to challenge! 

Cylinder Produced

Systematic distortions of shape from stereopsis 1353 

than widely spaced isolated points, rods or 
planes. Rigorous and reliable psychophysical 
techniques are used as a measure of perform- 
ance rather than subjective tasks involving 
magnitude estimation, complicated scaling or 
cross-modal comparisons. As the experimental 
task is a judgement of the shape of the surface, 
an objective forced choice procedure can be 
used. 

METHODS 

Stimulus generation 

The stimuli were static Julesz random dot 
stereograms defining elliptical cylinders. Ellipti- 
cal cylinders were chosen, because changing the 
viewing distance to a stereogram containing a 
fixed set of disparities defining a circular cylin- 
der results in a transfo~ation of the shape 
specified by the disparity field from a circular 
cylinder to an elliptical cylinder (see Appendix). 

Figure 1 shows schematically how the stimu- 
lus appeared to the subjects. Elliptical hemi- 
cylinders were presented protruding from the 
random dot background. The cylinders were all 
oriented such that the axis of rotation was 
horizontally aligned in the fronto-parallel plane. 

A Sun Microsystems computer (3/50) was 
used to generate and display the stimuli. To 
create the disparity maps, depth values for the 
elhptical cylinders were calculated using: 

/ ..2\ l/Z 

z=b 1-f 
t ) (1) 

Fig. 1. Schematic diagram of the stimulus seen by observers. 
The stimuli were all horizontally oriented elliptical hemi- 
cylinders, with a variable depth axis, 6, protruding from a 
random dot background plane. The eyes were converged on 
the background plane, in the middle of the cylinder. For a 

circular cylinder a is equal to b. 

where z = depth, x = vertical position in the 
fronto-parallel plane, and a and b are the semi- 
major and semi-minor axes of the ellipse 
(a = half-height of cylinder and b = depth). 
These depth values were translated into dis- 
parity values using the equation: 

where q is the disparity, I is the interocular 
separation, 6 is the depth, or z coordinate 
calculated, and D is the viewing distance. 

Five cylinder half-heights were used, ranging 
from 2.5 to 7Scm. The experiment was per- 
formed at three viewing distances: 53.5, 107 and 
214 cm, as preliminary trials showed these were 
sufhcient to demonstrate the effect. For each 
distance the disparity maps were re-calculated 
to create the same initial circular cylinders. The 
disparity maps were applied to the centre of a 
500 pixels square random noise pattern. The 
random noise pattern was generated by assign- 
ing each pixel a bright or dark value using a 
non-linear additive feedback random number 
generator supplied with the Sun Microsystems 
Operating System (Release 3.2). Dot density 
was 37.5% white dots. Average luminance was 
7.19 cd/m*. Each pixel was 0.03 cm wide, thus 
the visual angle subtended by a single pixel 
was 28.92 set at 214cm, 57.83 set at 107 cm, 
and 115.66 set at 53.5 cm. The entire stereogram 
subtended 4,016 deg at 214cm, 8.032 deg at 
107 cm, and 16.063 deg at 53.5 cm. The width of 
all cylinders was fixed at 8 cm. 

Stereoscopic viewing apparatus 

The stereoscopic viewing apparatus was care- 
fully calibrated to ensure that vergence demand 
was congruent with the viewing distance. This 
was achieved by placing a physical fixation 
marker at the same viewing distance as the 
stereoscopic stimulus. The fixation marker was 
an 8 cm square black St Andrew’s cross on a 
white background. Both the single physical 
fixation marker and the pair of stereoscopic 
fixation targets were viewed through half-sil- 
vered mirrors. In a pre-trial calibration session 
the physical fixation marker, which was visible 
to both eyes, was carefully aligned monocularly 
with the appropriate half of the identical stereo 
fixation markers in turn. To facilitate this, the 
half-silvered mirrors were mounted on high 
precision Ealing optical mountings, which could 
‘be positioned in azimuth and elevation to about 
I min accuracy. During the experiment the 

Cylinder Produced
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Go Cognitive: You might think there’s a bunch of other distance cues you can use to 
tell whether what you are looking at is near or far and use these to make sense of the 
projections on the retina. But the beginning of the talk will question this.  
 
Go Linton: The alternative is just to accept that looking at a flat object up close and a 
3D object far away gives the very same stereo vision experience. There is 60 years’ 
worth of experimental data claiming to show that it does not. But in my talk I will 
discuss a new experimental paradigm (the ‘Linton Stereo Illusion’) that challenges 
this. I have attached to the abstract describing this to the end of this pre-paper.  
 

The Brain 
 
Finally, we want our theories about Cognitive Science (how 3D vision works) to tell us 
something about Neuroscience (where in the brain stereo vision, and 3D vision in 
general, is processed). My bet would be the Primary Visual Cortex (V1):  
 

 
 

So light hits the retina, then the signal travels to LGN, then travels to V1 (Primary Visual 
Cortex). Simple, right? Well, not so much. You see the 3D vision literature have come 
to the following conclusion. If there’s one thing we know about 3D vision, it is that it is 
not processed in the Primary Visual Cortex (V1), but much further along the Dorsal 
(top of the brain) and Ventral (bottom of brain) Streams, indicated by white arrows. 
 

  
 
 
So see how in these brain activation maps V1 is not “lit up” (it’s dark), but the Dorsal 
and Ventral Streams are lit up. But I argue they are looking for the wrong thing!  

1–3 mm, is significantly below the resolution of standard
functional magnetic resonance imaging (fMRI; 3 mm
voxels). Indeed, human imaging studies have indicated that
dorsal regions appear to be the most consistently activated
by disparity-defined stimuli [12–20]. However, binocular
disparity is only one of several cues to determining depth,
and for a full three-dimensional percept it is necessary to
integrate other binocular cues (accommodation and vergence)
and pictorial cues (e.g. perspective, shading, texture
gradients, occlusion) to depth.

The cortical regions responding to depth cues differ
according to the specific combination of cues, and the infor-
mation afforded. Cues related to object perception, such as
three-dimensional shape from texture, are represented in the lat-
eral occipital cortex (LOC) while those related to shading include
a range of dorsal and ventral regions [21]. Similarly, an earlier
study indicated that the lateral regions of visual cortex are
involved in processing the combination of disparityand perspec-
tive cues [22]. Furthermore, using motion as an additional cue to
depth leads to stronger responses in the region around hMTþ
and the kinetic occipital area, indicating that these dorsal areas
are also involved in the integration of such cues [13].

Thus, there are a number of critical processing stages
required to produce a normal stereoscopic depth percept:
(i) both eyes aligned and functional1; (ii) control over the
eye muscles and vergence to bring the images into alignment;
(iii) initial matching of retinal images; and (iv) integration of
disparity information to produce depth percept. While
amblyopia is the most common cause of abnormal binocular
vision (see [24] for a recent review), this article covers the
much less common deficits in stereoscopic vision resulting
from damage to the post-chiasmal visual pathway.

2. Effects of cortical damage on binocular vision
The numerous areas of the human visual system activated by
binocular disparity and stereoscopic depth are highlighted in
figure 1. The widespread activation illustrates the apparent
absence of specialized cortical areas to binocular disparity.
This observation contrasts with the more localized pattern in
which other attributes of the visual world, such as colour or
motion, have been found. Area hV4 [25,26] (sometimes
referred to as V8 [27]) and additional ventral regions VO1
and VO2 [28] show specificity for chromatic compared to
achromatic stimuli. Specialized regions also exist in other
visual domains such as hMTþ for motion [29–31], fusiform
[32,33] and occipital face areas [34] and LOC for objects
[35,36]. Evidence from patients with damage to the occipital
cortex provides further support for this functional specializ-
ation of visual areas. Damage sustained to the ventral
occipital cortex can lead to prosopagnosia [37], achromatopsia
[38] or both [39]. Similarly, object agnosia, such as in the case
of the much studied patient DF [40,41], can result from
damage to LOC, but also damage to ventromedial occipital
cortex [42]. There are very few cases of deficits in motion per-
ception, but the most famous case, resulting in static snapshots
rather than smooth motion perception, includes the region
around motion area hMTþ [43]. While this severe case of aki-
netopsia was associated with bilateral damage, a few recent
reports have indicated that this type of deficit may also arise
due to unilateral parietal damage [44,45], or in a more subtle
form following unilateral damage to hMTþ [44].

A critical question relates to the type of lesion that might
impact upon stereoscopic depth perception in a comparable
manner. As the first site of binocular integration, V1 is
obviously critical for detecting binocular disparity [1,2,4].
However, damage to this region leads to cortical blindness,
so any binocular deficits will not be possible to determine,
particularly when the lesion is large. A key test for depth
perception is whether the deficit affects local (the matching
of individual elements of an image) or global (depth
across the whole image) disparity processing. To identify
neural structures contributing to stereoscopic depth percep-
tion, Cowey & Porter [46] tested the ability of macaque
monkeys to detect global stereopsis, rather than local
matches, following cortical lesions. They compared perform-
ance following lesions to five different occipital regions: V1,
V2 and three different regions of the IT. While lesions corre-
sponding to the central region of V1 and V2 had no effect on
the animals’ depth performance, the animals with lesions in
IT showed impairment of disparity detection. The lack of
effect of V1 and V2 lesions is likely due to the relatively
small size of the lesions, as much of the stimulus would
have been in regions of the visual field unaffected by the
lesion. Thus, this experiment suggests that, as might be pre-
dicted by the more recent neurophysiological data [8,10],
high-level ventral visual regions are necessary for stereo-
scopic depth perception. Cowey & Wilkinson [47] found
that IT damage also raised stereoacuity thresholds for line
stimuli presented on the vertical midline. Furthermore, in
contrast to the global task, they found that foveal lesions
of V2 severely affected the animal’s ability to perform this
depth task which requires local stereopsis. However, the
authors state that they do not know how the animals per-
formed the task, as they were unable to measure fixation
or vergence state. Moreover, the extent of other visual defi-
cits in these animals is unknown, so the specificity of this
type of lesion to stereoscopic depth perception remains to
be determined.

Related to this early non-human primate work, there have
been several investigations of the effects on binocular stereop-
sis of temporal lobectomy performed to relieve intractable
epilepsy [48,49]. The most extensive study was that under-
taken by Ptito & Zatorre [49] in which, analogous to the
work described above, a distinction was made between per-
formance on local and global tests of stereopsis. There was
no disruption of performance on the test of local stereopsis
in patients with either left- or right-sided lesions compared
with healthy control subjects. To determine the level of
global stereopsis, the authors used RDS with different
levels of correlated dots, from 40 to 100%. All participants
(including healthy controls) performed at chance with 40%
correlation and all were above 90% correct when the corre-
lation was greater than or equal to 80%. The interesting
stimulus range was 50–70% correlation in which the tem-
poral lobectomy patients performed significantly worse
than healthy controls. Furthermore, those with right-sided
lesions were slightly worse than those with left-sided
damage. Thus, it does appear that global stereoscopic depth
performance is impaired by damage to the temporal lobe,
consistent with findings in the non-human primate. Given
these behavioural effects, it would be beneficial to use MRI,
both structural and functional, to visualize the exact location
of the damage to correlate with these behavioural
impairments.

rstb.royalsocietypublishing.org
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While neurophysiological studies in non-human primates
highlight the importance of the ventral visual cortex for stereo-
scopic depth perception, in human [12,18] (and non-human
primate [50,51]) fMRI studies, dorsal regions such as V3a
and V7 are consistently activated by disparity-defined depth
stimuli (figure 1). Consistent with such a dorsal pathway,
one of the earliest reports of a loss of depth perception was
in a patient with parietal cortex damage studied by Holmes
& Horrax [52]. The report describes difficulty in judging the
distance of objects (that the patient often walked into) and a
percept of the world as ‘flat’. Subsequent cases in which
depth perception has been affected by bilateral damage to
the parietal lobes have also been described, although the
world is not necessarily described as ‘flat’ [53]. In the case
study of Berryhill and colleagues, a patient with bilateral par-
ietal lesions had significant impairment on tests of
stereoacuity, but additionally was unable to successfully use
monocular cues to depth, such as shape from shading, per-
spective or size. Thus, this is suggestive of a high-level cue
integration impairment, such that it is not possible to integrate
the various cues to depth, leaving considerable impairment in
visual performance in the depth plane.

A potential explanation of the loss of depth perception
leading to a ‘flat’ world is that it is due to a disruption of
fusion in the horizontal plane [54]. Schaadt et al. presented
a patient with an extensive lesion to the right occipito-parietal
cortex, who described his world as ‘flat’ such that all objects
appeared an equal distance away from him. The patient had
normal stereoscopic vision, as assessed by standardized tests
(Titmus test and TNO test) but deficits in binocular conver-
gence, i.e. he could not use his two eyes together to focus
at a particular depth. Using a training paradigm with
prisms designed to improve convergence, the patient
reported regaining perception of the third dimension after
six sessions, with full-depth perception after 12 sessions.
The training did not change the stereoscopic performance,
which remained good. It would be interesting to know
whether this patient was also impaired in judging depth
from monocular cues, as it is of interest to understand
whether recovery was due to the unilateral nature of the

deficit or whether such training can aid all types of depth
perception problems.

A further condition in which there have been several
reports of loss of binocular depth perception is traumatic
brain injury (TBI). An early report by Hart [55] described a
series of patients who had suffered TBI and reported loss of
fusion. Of the patients who suffered total loss of fusion,
around half showed a full recovery. It is not clear what deter-
mined the outcome, but the involvement of the cranial nerves
section controlling the extra-ocular muscles (III, IV and VI) is
likely to be problematic. A more recent study indicated that a
loss of stereopsis resulted from a variety of different types of
TBI including both focal parietal damage and more diffuse
injury with no obvious focal pathology [56]. However, the
correlation between loss of stereoscopic depth perception
and measures of recall indicate that cognitive factors may
also interfere with this type of stereoscopic testing. If the
stereoscopic difficulties following TBI are related to fusion,
then it may be that a retraining programme could improve
depth perception in such patients. In the study of Schaadt
et al. [57], fusion training using prismatic and dichoptic
devices seemed to improve fusion and binocular stereopsis
in around half of the patients with TBI. This suggests that it
might be possible to provide improvement in binocular
vision in those patients who do not spontaneously regain
binocular depth perception following TBI.

In summary, consistent with those areas predicted from
the pattern of neural activation to disparity-defined depth,
there are regions of both the ventral and dorsal visual streams
that can interfere with depth perception when damaged. The
extent to which the deficits are due to fusional problems
remains to be determined, but this is most likely in the case
of involvement of the cranial nerves [55].

3. Effects of visual agnosia on binocular vision
There is a general consensus that the primate visual system
consists of two parallel, yet highly interconnected, streams:
dorsal and ventral. Goodale & Milner [58] suggested that

phAIP DIPSA
DIPSA phAIP

DIPSM
DIPSM

V7
V3a/b V3a/b

V3
V3

V2

V1

LOCLOC

V2

V1

V7

hMT+
hMT+

left hemisphere right hemisphere

Figure 1. Activation to stimuli defined by binocular disparity. In healthy control subjects, the activation to RDS containing binocular disparity compared to a grey
screen with a fixation dot covers a large proportion of the occipital and parietal cortices. White lines indicate the borders of visual areas; transparent yellow regions
indicate the position of the regions of interest in the lateral occipital cortex (LOC). Transparent blue region, DIPSM; transparent green, DIPSA; transparent purple,
phAIP. Data were z-threshold more than 2.3, cluster corrected at p ¼ 0.05. Data from Ip et al. [16] have been used for this illustration.
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We present a new illusion that challenges our traditional understanding of stereo 
vision. Traditional ‘Triangulation’ accounts of stereo vision back-project from points on 
the retina to points in the world. This requires that stereo vision incorporates how 
binocular disparities fall off with the viewing distance squared. By contrast, Linton 2023 
Phil Trans R Soc B 378: 20210455 proposes a ‘Minimal Model’ of stereo vision where 
perceived stereo depth is simply a function (most likely a linear function) of the amount 
of disparity on the retina. We present a new illusion (the ‘Linton Stereo Illusion’) to 
adjudicate between these two approaches. The illusion consists of a smaller circle (at 
40cm) in front of a larger circle (at 50cm), with constant angular sizes throughout. We 
move the larger circle forward by 10cm (to 40cm) and then back again (to 50cm). The 
question is, what distance should we move the smaller circle forward and back to 
maintain a constant perceived separation between the circles? Constant physical 
distance (10cm) (‘Triangulation’) or constant disparity (6.7cm) (‘Minimal Model’)? 
Observers choose constant disparity. This leads us to four conclusions: First, perceived 
stereo depth appears to be best captured by the ‘Minimal Model’. Second, doubling 
disparity appears to double perceived depth, suggesting that perceived stereo depth 
is proportional to disparity. Third, changes in vergence appear to have no effect on 
perceived depth. Fourth, stereo ‘depth constancy’ appears to be a cognitive (not 
perceptual) phenomenon, reflecting our experience of a world distorted in perceived 
stereo depth.  
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