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SUMMARY 

Stereopsis has been one of the most popular fields of 
vision research for well over a century and is routinely 
measured in clinical practice, yet its functional sig
nificance has been largely neglected. Stereopsis is 
disrupted by blur, amblyopia and strabismus and is of 
potential value as a means of indirect screening for 
visual disorders in childhood. However, evidence for 
the functional effects of stereoscopic deficits is sparse. 
Recent investigations indicate that binocularity is an 
advantage in certain tasks, especially in the comprehen
sion of complex visual presentations and those requir
ing good hand-eye coordination. The assumption 
derived from the evolutionary theory that stereopsis 
represents an adaptation by primates to arboreal life 
needs to be questioned. While the functional aspects of 
stereopsis are still not fully understood the direction 
that future research should take to unravel this 
important issue is apparent. 

The need for two eyes is self evident when each is 
located on either side of the head, has a completely 
different outlook and swivels independently. 
Towards the top of the evolutionary tree the eyes 
of some species have migrated forward, so that in the 
human the visual fields almost totally overlap. The 
advantages of this arrangement are not immediately 
obvious and more than one vision scientist and 
ophthalmologist has remarked that the sole purpose 
of having two eyes is so that one can act as a 'spare'. 
This observation should not be disparaged, as 
amblyopic individuals are at greater risk than those 
without amblyopia of losing the better eye due to 
trauma.1 Should an amblyopic person develop an 
ocular disorder affecting both eyes then there is a 
predilection for it to affect the better eye more 
seriously?,3 However, apart from a small portion of 
the temporal visual field which is monocular, and a 
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small binocular summative effect,4 the major advan
tage of having two eyes is the ability to perform 
stereoscopic depth discrimination. 

Binocular vision has been one of the most popular 
fields of vision research for well over a century, so 
here we will consider only certain aspects of: normal 
stereopsis, how it may be disrupted, its value as a 
screening tool, and its functional significance. The 
vast literature precludes a comprehensive bibliogra
phy, which is therefore composed mainly of recent 
reviews.5-11 

NORMAL STEREOPSIS 

Stereopsis is the binocular perception of depth 
(retinal disparity).5 It provides fast and easy access 
to information on depth in our surroundings. By 
reducing the amount of scanning necessary to extract 
spatial information, stereopsis facilitates comprehen
sion of complex visual experiences.12 While stereop
sis is a uniquely binocular phenomenon5 there are 
many monocular cues which can provide information 
on depth including linear perspective, shadows, 
texture and gradients. These cues provide indirect 
information on depth but do not offer the quality of 
stereopsis, which is the only direct measurement of 
depth.5,11 It is possible that the development of these 
higher-order, so-called secondary cues is itself 
dependent on stereopsis, but that once established 
these cues are able to substitute for stereopsis, at 
least to a degree. The neurophysiological basis of 
stereopsis is beyond the scope of this article, but both 
magnocellular and parvocellular pathways have been 
implicated?·11.13 Recently Ptito and colleagues14 
using positron emission tomography (PET) scanning 
observed that stereopsis-induced activity begins in 
the posterior visual areas of the right cerebral 
hemisphere. 

Stereopsis results from the integration of two 
slightly dissimilar retinal images, which requires a 
degree of retinal disparity (along the horizontal but 
not vertical meridian). It is influenced by a number of 
factors5.9.11 which are relevant to clinical testing 
conditions, including contrast, illumination and col-
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our.13 �tereopsis is also highly time-dependent, so 
that wIth very short exposures thresholds rise. I I 

While under ideal experimental conditions stereo
acuity thresholds may reach 2-3 seconds of arc,1I in 
clinical practice values of around 30-40 seconds are 
regarded as normal. The distance over which 
stereopsis operates is probably up to 500 m and 
improves closer to until limited by accommoda-
tI'on 5,6,15,16 St 

. 
d . . ereopsis an texture can mteract in the 

perception of depth. A recent study17 found that the 
e�fect of texture at 50 cm was small (8%), but when 
vI�we� further away at 200 cm it was greater (17%); 
thIS dIfference may be functionally significant. 

Stereopsis develops in early infancy between about 
3 and 5 months of agelO and, depending on the test 
used, adult levels are not achieved until around 5-7 

18-21 I 
. 

years. n a recent populatIOn-based study of 417 
adults over 65 years of age, Wright and Wormald,22 
using the Frisby test, found that stereo acuity 
decreased with increasing age so that full stereopsis 
(defined as 55 seconds of arc) was demonstrated in 
only 27%, whilst 29% had no measurable stereo
acuity. All the tested individuals were asymptomatic 
and none had any ocular pathology. 

ABNORMAL STEREOPSIS 
Children 

About 2% of asymptomatic adults with no other 
disorder of binocular function have no stereopsis -
stereo blindness. This apart, in children, abnormal 
stereopsis occurs in a range of disorders such as 
image blur/degradation (ametropia including ani
sometropia, cataract), amblyopia and strabismus. 
BirchlO,23,24 has found that at 3-4 months of age 
some infants with esotropia exhibited stereopsis, but 
this declined thereafter. Following surgery Birch and 
colleagues10 found that 35 % had stereopsis of 200 
seconds of arc at best. Other studies (see BirchlO) 
have pr�duced broadly similar results indicating that 
some chIldren have gross stereopsis at least 4-5 years 
af!er surgical correction. Interestingly, in the study of 
BIrch and colleagues three children with infantile 
esotropia who did not receive surgery had recorded 
stereoacuities of 50 seconds at 57 months of age?4 
However, Dobson and Sebris25 did not detect 
stereopsis at any time between 3 and 36 months of 
age in infantile esotropes even after surgical align
ment, although unlike Birch they did not use 
prismatic correction to compensate for the deviation 
when taking measurements. Finally Charles and 

� , 
Moore reported only gross stereopsis «400 sec-
onds of arc) in 19% (n = 4/21) of children who had 
und�rgone early surgery for infantile esotropia. It is 
p�rtment that �ome of these children without any 
bmocular functIon had previously been reported as 
exhibiting gross stereopsis in the early post-operative 
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period. Following the treatment of infantile cataract 
few attain even a very low level of stereopsis.27,28 

Screening for Visual Disorders 

Walraven and Janzen21 using the TNO test on 730 
children between 4 and 18 years of age observed that 

",:,hile poor stereopsis can occur without any asso
cIated abnormality of binocular function, this test was 
very sensitive in detecting amblyopes. While a few 
were not identified by using stimuli �480 seconds of 
ar�, by setting the level at 240 seconds all amblyopic 
chIldren were detected. This finding contrasts with 
that of Manny and colleagues29 who, using a thresh
old of 730-800 seconds of arc (Lang and Frisby tests), 
foun� that while all children aged 2-5 years with 
strabIsmus had defective stereopsis, some with 
anisometropia but without strabismus did not. In 
practice, however, it is preschool children with 
anisometropia rather than with strabismus who 
pose a dilemma for screening. These studies make 
�wo interesting points: first that stereopsis is reduced 
m all cases of strabismus, and second, that it is so 
reduced that stereo tests do not have to approach 
threshold for the purpose of screening. It follows that 
tests of stereopsis can be used as an indirect rather 
than a . direct or specific method of screening for 
many VIsual disorders in childhood, and in particular 
t?o.se affecting binocular function. Clinically stereop
SIS IS measured using random-dot tests18,19.30,31 which 
in infancy have been adapted for use according to a 
preferential looking paradigm (see Birch 10 and 
Dobson and Sebris25). There are a number of 
possible pitfalls. Older children may be able to use 

�onocular cues to produce an artefactually 
Improved response with the Frisby test.29 A similar 
falsely optimistic result can also be obtained by the 
red/green TNO test.32 Screening is best carried out 
by the Random-Dot E or TNO test, with the latter 
threshold set at 120 or 240 seconds, while the Randot 
�est is probably the best test to quantify stereoacuity 
m the ophthalmic clinic.2 l,31 Finally, it is important to 
appreciate that according to Larson and Bolduc33 the 

�e�ation b�twe�n visual acuity and stereopsis is 
Id�os�ncratIc; WIth artificially induced blur no general 
pnncIple could be determined. In amblyopia, the 
reduction in stereoacuity can be less than might be 
expected from the visual acuity deficit (see Von 
Noorden6). 

Adults 

So far we have considered the severe binocular 
disru�ting effect of disorders with an onset in infancy 
or chIldhood. In addition to the causes mentioned 
already, .stere�psis can be affected at any age in 
neurologIcal dIsorders such as those arising from 
head trauma or, later in life, in Alzheimer's disease. 
The consequences of strabismus and cataract with 



STEREOPSIS IN HUMANS 

onset after the establishment of binocular function 
are quite different. Ohtsuki and colleagues34 showed 
that of 25 individuals who developed a sudden-onset 
strabismus at from 3 to 28 years of age (mean = 12 
years), a significant number developed stereopsis 
despite a long period before surgical correction 
(mean = 6 years). Delay in treatment did not 
influence outcome in this study. Thus, using Randot 
and Titmus tests, 16% and 43% of patients devel
oped stereopsis of 60 seconds of arc or better, and 
57% and 86% respectively achieved between 60 and 
800 seconds. Laidlaw and Harrad35 reported the 
restoration of stereopsis, following cataract surgery 
with intraocular lens implantation, in 19 patients who 
had previously undergone a successful identical 
procedure on the other eye. Pre-operatively only 
7% had better than 960 seconds stereopsis, while 
post-operatively 86% had 120 seconds or better. 

FUNCTIONAL SIGNIFICANCE OF 
STEREOPSIS 

We will begin to consider the functional conse
quences of stereopsis, with reference to the following 
quotations. Stereopsis is the 'highest form of 
binocular cooperation which adds a new quality to 
vision',6 'for all purposes the only advantage of 
binocular vision', which 'provides a vivid and 
accurate relative depth experience,.5 'Stereoacuity 
is considered as a bench mark for peak clinical 
performance of binocular vision,.8 Possibly tongue in 
cheek, Phillips36 in a Personal View in 1987 stated 
that 'Nature gave us two eyes so that one is spare . . .  
Stereoscopic vision is of little value except in a few 
occupations'. Anecdotally it is our impression that 
this echoes a view which is widely, but perhaps 
quietly, held amongst ophthalmologists and even 
vision scientists. Nevertheless Phillips' comment 
received a speedr and robust response from Sir 
George Godber? who had lost one eye through 
trauma 68 years previously, noting 'a long held 
personal suspicion that few ophthalmologists know 
the full consequences of total loss of vision in one 
eye'. Although there had been some adaptation with 
time, he was obviously still functionally inconven
ienced by the loss of binocularity over three decades 
previously. He reported, for instance: misjudging 
distances, problems with hand-eye coordination, and 
altered perception so that 'to the one-eyed golfer all 
greens are flat'. These comments are supported by 
Brady who wrote a book entitled A Singular View38 

on his experiences following the loss of one eye. 

Clinical Evidence 

Clinical studies investigating the functional conse
quences of reduced stereopsis are notably lacking, 
and furthermore there has been no distinction 
between the loss of stereopsis and those who have 
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never had it. Indeed the latter are a neglected 
population from this particular research viewpoint. 

Anecdotally, parents frequently report that follow
ing strabismus surgery their child's general develop
ment has improved and Rogers and colleagues noted 
an improvement in binocular-dependent motor skills 
in 35 % of children after correction of infantile 
esotropia?9 Also relevant is the finding by Bax and 
Whitmore40 in a large study of school entrants that 
children with strabismus had significantly higher 
neurodevelopmental scores (i.e. abnormal) than the 
'average'. While there are a number of explanations 
possible for these observations they do indicate the 
need to investigate the relation between binocular 
function and neurodevelopmental skills. In an older 
age group, following the successful removal of one 
cataract, the benefits to the patient of performing the 
same procedure on the second eye has always been a 
slightly controversial topic. While there is more to 
this topic than binocular function, an abnormality of 
stereopsis could be a contributing factor. Thus the 
finding that stereopsis is improved by the second 
procedure is of great interest.35 Furthermore, in a 
survey undertaken by their clinicians, these patients 
universally considered their vision to be improved 
and all symptoms to be significantly alleviated by the 
procedure. 

Professional Requirements 

Certain professions require a high level of visual 
skills. Pilots of aircraft need excellent vision; how
ever, the value of stereopsis in this occupation has 
yet to be clarified. In a study of the attrition rate 
during US Air Force pilot training the absence of 
stereopsis was not found to be a significant factor.16 
This is not totally unexpected as many of a pilot's 
tasks are beyond the distance at which stereopsis 
operates. There is insufficient information to draw 
any firm conclusions from this study, although 
Snyder and Lezotte16 after reviewing the literature 
suggested that stereopsis does not correlate with 
flying ability and in most situations monocular cues 
suffice. However, in unfamiliar and stressful condi
tions (e.g. close to the ground, adverse weather) 
stereopsis might be beneficial. Utilising a simple test 
of manual dexterity - threading a loop along a bent 
wire (as encountered at local fetes) - the skills of 
ophthalmic surgeons were compared with those of 
other professionals with and without stereopsis.41 
Ophthalmologists performed significantly better than 
all other groups, and the non-ophthalmologists with 
good stereopsis were significantly better than those 
with no stereopsis but not compared with those with 
stereopsis of 120 seconds of are, or worse. Other 
professions require a high degree of hand-eye 
coordination, and in a recent survey of 235 dental 
undergraduates Rawlinson42 showed that around 
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10% had stereopsis of 240 seconds of arc or worse 
and another 16% had a reduced stereo acuity of 120 
seconds. Unfortunately the functional consequences 
of these deficits are not debated. 

Experimental Evidence 

Blake and Fox4 in a major review of binocular 
summation concluded that 'two eyes are better than 
one, but not by very much', and only for visual 
presentations with a simple configuration rather than 
more complex situations. Jones and Lee43 investi
gated binocular and monocular performance for . a 
range of tasks some of which required stereopSIS. 
They concluded that binocularity does offer an 

d 4 h 
. 

advantage and, contrary to Blake an Fox, t at It 
exists not only for simple tasks. This is not due to 
binocular disparity (stereopsis arising from receiving 
mismatched monocular information), but rather to 
binocular concordance (receiving largely matched 
monocular information). Thus both studies consid
ered the benefit of having two eyes to be due to 
probability summation and not the ?inocul�r :is�on 
which arises from observing two shghtly dissimllar 
images. 

Two recent experiments are pertinent to the 
functional significance of stereopsis. The first, by 
Wickens and colleagues,12 as mentioned, showed 
that three-dimensional representation facilitated and 
made more rapid the visualisation of a surface, 
especially if complex. This may ha�e �een a�hieved 
by making judgements along the vIewlllg aXIS more 
precise, and also by reducing the amount of both 
effortful scanning and searching required to extract 
information. Interestingly, the process was not more 
accurate and did not confer any benefit for long-term 
retention of this knowledge. Most studies have 
focused on depth judgement and not on the motor 
response required by a skilled task,. and t?e �econd 
experiment44 addressed this issue by lllvestlgatlllg the 
contribution of binocular vision to the accurate 
programming of prehensile movements. Visually 
guided prehension has two components: the reach 
(the kinetics of hand to object) and the grasp 
(influenced by object distance, size, texture, compo
sition, familiarity, etc.). The authors observed that 
prehensile monocular and binocular .�ovements 
differed substantially. Using monocular VISIon, reach
ing latency was slower, velocity was lower; while 
grasping was slower with small�r grip aper�ures, and 
subjects appeared to underestlmate the �Istance .of 
the objects. These authors argued that bllloculanty 
contributes to the accurate programming of prehen
sile movements. 

EVOLUTION AND STEREOPSIS 

It is now time to attempt to answer the question 
posed by the title of this paper: Does stereopsis 
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matter in humans? Tyier7 reflected a considerable 
body of opinion when he stated that primates 
developed stereopsis as an adaptation to an arbor�al 
habitat, being 'faced with the tasks of locomotIOn 
through a three-dimensional realm of branches 
heavily masked by a veil of leaves . . .  The stakes 
for disambiguating the true distance from tree to tree 
were high; the price of failure was to drop many 
metres onto a ground inhabited by carnivorous 
beasts'. If this explanation is evolutionarily sound 
for monkeys, presumably it implies that in the 
human, stereopsis is largely redundant - the vision 
equivalent of the appendix. This arboreal t�eory of 
primate evolution is based on the observatlOn that 
inhabitants of trees have evolved frontally placed 
eyes to gain stereopsis and claws with opp�s�ble 
digits and flattened nails which open out to facIhtate 
clinging to branches, bark of trees, etc. The arboreal 
theory of primate evolution must now be �u.es
tioned.ls First, while the frontal eye pOSItIon 
increases the arc of stereopsis it reduces the distance 
over which it is operative, and thus diminishes the 
ability to leap from tree to tree precisely and safely. 
Second, it ignores the fact that there are more 
squirrels than monkeys living in the world's trees, 
and these rodents have both sideways eyes and non
opposable digits with sharp claws .. Accor?ing to the 
visual-predation theory of evolutlOn, pnmates and 
non-primates with close-set eyes typically rely on 
vision in hunting, especially at night, and might have 
originated from a small large-eyed nocturnal crea-. .  

d 15 D k Eld 45 ture that lllhabited bushes an trees. u e- er 
pointed out many years ago that the frontal migra
tion of the eyes has occurred independently on a 
number of occasions during evolution depending on 
the requirements of that species. Similarly, claw 
structure has been remodified, as some arboreal 
primates have abandoned opposable digits to rede
velop sharp-tipped nails. IS Perhaps, therefore, in the 
human, stereopsis is not an evolutionary excess for 
today's requirements. 

CONCLUSION 

Much of the evidence presented here is somewhat 
conflicting, but a relatively consistent strand emerges. 
Humans, even pilots who require a high level ?f 
visual skills, function very well without stereops�s. 
However, binocularity appears to be an advantage �n 
certain tasks, especially those in the near distance, 10 
comprehending complex visual presentatio�s, �nd 
those requiring complex hand-eye coordlllatlOn. 
Stereopsis may thus. be of functional benefit per se 
and also as a prerequisite to the development of 
secondary monocular cues. 

Despite an enormous and co�tinued expen�itu.re 
of research effort into the baSIS of stereopSIS, ItS 
functional benefits have been largely neglected, and 
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perhaps as a consequence 'in the clinic, therefore 
little attention has been given to stereopsis'.s This 
imbalance is all too evident in the standard clinical 
texts, which comprehensively cover the basis of 
binocular vision but contain little or nothing on its 
functional aspects. Furthermore the functional stu
dies undertaken so far may not have addressed the 
issues of significance. To conclude, a great deal is 
known about the basis of stereopsis but, as Sir 
George Godber intimated,37 ophthalmologists and 
vision scientists do not adequately understand func
tional vision. In our quest to learn more about the 
usefulness of stereopsis, the recent studies of Servos 
and colleagues44 and Wickens and colleagues12 are of 
interest and may indicate a rewarding direction for 
future research and help us determine which ques
tions to ask. 

Key words: Binocular vision, Evolution. Screening, Stereopsis. 
Strabismus. 
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