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CHAPTER I 
INTRODUCTION AND ORIENTATION

The purpose of the present work was two-fold.
First, theoretloal formulations are presented whloh 
pertain to the nature and definition of disparity, the 
binocular cue to stereosooplo depth perception. Seoond, 
the experimental portion of the study was oonoemed 
with relating psyohophysloally determined depth con
ditions and eleotrophyslologloal brain activity In the 
human observer.

In order to set forth the nature of the problem 
with whloh I shall be concerned In this paper, I should 
like to refer to an old but little known essay by a well- 
known authority on optlos, Ernst Mach (e.g., 1926), and 
follow, for a moment, his pellucid and titillating dis
cussion.

"Why has man two eyes?" Maoh (19^3) asked In a 
leoture whloh was first published In 186?. "That 
the pretty symmetry of his faoe may not be dis
turbed, the artist answers. That his seoond eye 
may furnish a substitute for his first if that 
be lost, says the farsighted eoonomlst. That 
we may weep with two eyes at the sins of the 
world, replies the religious enthusiast*... 
man fulfills no purpose In the possession of 
his (two) eyes; nature is not a person, and 
consequently not so vulgar as to pursue pur
poses of any kind...a modem solentlst... 
would (slo) say, with stem expression...But 
ask a more tolerant person, ask me. 1,1

1
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candidly confess, do not know exactly why 
man has two eyes, but the reason partly 
Is, I think, that I may see you here before 
me...and talk with you upon this delightful 
subject [p. 66-6?]."
Maoh's tantalizing introduction— whloh gives way 

to a "more learned explanation" of blnooular vision—
Is successful In creating a receptive climate that 
makes It possible to communicate the Import of this 
truly complicated problem to one totally naive. In 
replying to his questions, he begins with unsophisticated, 
but Intriguing answers, and in a few sentences has 
ripened the reader to the point where he oan piok— • 
though not yet eat— his fruit* "But slnoe you are not 
satisfied with my brief and obvious answer(s)...let 
me put the matter In a purely orthodox ways Nan has 
two eyes, what more oan he see with two than with 
one [p. 67]?" Now the ultimate puzzle is at hand but 
he has slipped In an inherent assumptions that man, 
indeed, oan see more with two eyes than with one. But, 
we oannot ohastise Mach for this bit of trickery, 
because he goes on to treat the reader in unaffected 
simplicity, to one of the most oharmlng presentations 
on the subject of blnooular perspective and stereopsis 
that I have seen.

In the present paper, I will dlsouss and investi
gate aspects of blnooular vision whloh oan be traced
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baek to Maoh's questions! "Why has man tiro eyes?" 
and "...what more oan he see with two than with one?"
My treatmentt however, Is less phllosophloal (If one 
aooepts the oontemporary adulterated definition of 
philosophy), and more speolflc. Although I deal
experimentally with a very small portion of what might
be Included In the oategory of blnooular vision, the
plan Is one of syntheslzatlon.

The faotors Involved In stereopsls oan be divided 
Into three main classifications* (1) the physical;
(2) the physiological; and (3) the psyohologloal (not 
neoessarlly In this, or any, fixed order). Eaoh may 
be quantified aooordlng to its own descriptive para
meters, but If one Is to approach an adequate explanation 
and understanding of the whole of stereopsls, or any 
stlmulus-neuroohemlcal-mental event, the three must 
be Integrated. (The term mental Is used here In the 
experiential. sense.)

Most current experimental workers In physiology and 
psychology adequately control and employ, and are oom- 
fortable with the physloal dimensions. The discussion 
of physlologloal-psyohologloal relationships Is a 
different story. I do not propose to resurreot the old 
"mlnd-body" enigma— at least, not In these loaded and 
anomalous texms. However, one of the greatest abysses
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In behavioral solenoe seems to continue because 
physlologloal and psychological dimensions are 
treated as if they are autonomous. There are* I 
believe, several dlstlnot reasons. First, researchers 
typically do not seek to measure both and, of course, 
this prooedure Is not always desirable or necessary. 
Seoond, there Is little aotlve Investigation and less 
open dlsousslon of the relationships of these two 
types of dimensions. Third, even when the physiological 
and experiential parameters have been quantified 
(usually by different people), fear, suppression, or 
overt hostility seem to be attached to the consideration 
that they might possibly desoribe a part of the same 
event.

The matter is further complicated when the term, 
"consciousness" is mentioned. Perhaps here lies the 
primary obstaole. Confusion, regarding the definition 
of consciousness, Is partially due to the laok of know
ledge about the physlologloal mechanisms involved at 
the temporal and spatial "point" where stimuli, or their 
neurochemical representations, enter awareness, i.e., 
when they satisfy the criteria so we oan conclude that 
a stimulus was, in fact, peroeived or experienced.

The point Is that both physiological and psychol
ogical dimensions are meaningful and eaoh Is unique,
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but they are not mutually exclusive. The quantifi
cation and Integration of the two allow a fuller 
understanding of the total event. When the whole 
of physiology is known, along with Its ramifications,
It will be possible to desoribe and explain all 
psychological ooourrenoes— in tents of physiology.
But the measurement of psychological dimensions will 
be as meaningful and valid as It Is today; we will 
simply have a better understanding of the total 
picture.

Ah, but some scoff at such self-evident discourse. 
Yet where— beyond a mere sprinkling of reports In the 
literature and In an oooaslonal loose symposium— has 
this comprehensive approach existed? Some say that 
this treatment is unreal and meaningless, since there 
is only one dimensional category. They confuse the 
total event with the different means of measuring It, 
and thereby shut themselves off from available In
formation, or ways of getting it. Others reply that 
the technology is not sufficiently developed, and we 
oan only speoulate— armohalrlng but not eyeballlng.
And, speculation Is currently a dangerous pastime 
beoause it places one in a vulnerable position among 
his objeotlve colleagues— so they wait.
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However, if we attempt to keep our minds and 
dlsoussions open and are even moderately successful, 
then valid interpretation, explanation, and under
standing will oome easier.

The purpose and orientation in this paper was to 
quantify one psychological dimension and one physi- 
logloal dimension in physloally defined terms and then 
synthesize and dlsouss the relationships* In addition, 
theoretical formulations were developed and are pre
sented, pertinent to the topio of ooncezn in the 
present work.
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CHAPTER II
HISTORICAL SIGNIFICANCE AND THE BEGINNINGS OF 

VISUAL SCIENCE

The phenomenon of vision, lnoludlng numerous 
Interwoven toplos, is one of the oldest subjeots of 
selentlflo Inquiry. The story oannot adequately be 
covered or appreciated by relating the work that has 
taken place during the nineteenth and twentieth 
centuries. In fact, this negllgenoe would tarnish 
the beauty which one may derive from the history of 
visual science. Clarke & O'Malley (1968), In their 
reoent historical compulation and commentation, state 
that:

"Because of the rapid advanoes made In 
science during the last hundred years and 
because of its present-day complexity and 
sophistication, there is a tendency to 
neglect the most distant past. The ancient 
Greeks seem to be so far away in thought, 
as well as In time, that we tend to forget 
that their Ideas, some of whloh now appear 
to be arohalo and ourlous, were In many 
instances the origins of oonoepts that 
today are held to be of the greatest 
importance [p. ]Q ".
So It Is with referenoe to the neural structure, 

function, and experience of vision. In oontrast to 
the above quotation from two historians, Is the 
following one by a leading neurophysiologists

7
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"...a science demanding synthesis of obser
vations, experimental physiology, with its 
reliance on analysis and laboratory work, 
has little slgnlfloant history before 1600.
Leaders in medlolne developed and practloed 
its therapies for many oenturles before 
they felt the need to understand the nature 
and funotions of the body's parts..."
(Brazier, 1959* p. 1).
This seoond author is obviously speaking of a more 

restricted and exacting area of science* However, in 
comparison to many of her contemporaries, even this 
statement is a rather mild condemnation. The point is 
that we do not give due credit to the early writers, 
in this case especially the Greeks, and rather tend to 
judge their work on the basis of our present high- 
level scientific knowledge— as if it were all formulated 
during reoent years. We point to previous mistakes 
and mlsoonoeptlons with unhindered ease, as no doubt 
will our predecessors in regarding our work, and in 
our attempts at condensation often lose significant 
insights. But, be that as it may, it seems neoessary, 
for a fuller understanding of what we know, to traoe 
the historical unfolding of the knowledge of vision, 
beginning with the Greeks.

Recognition of the need for referring to early 
works is evident in Stephen Polyak's two comprehensive 
volumes on vision (1941, 1957)* "But more than anything 
else," wrote Helnrioh Kluver in the Forward to what he
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called Polyak's magnum opus, "it was his deeply felt 
desire to give full acknowledgement to the works of 
others and do justice to the men on whose shoulders 
we stand that motivated his oooupation with his
torical matters" (Polyak, 1957* P. vi-vli).

One of the major controversies that existed 
throughout the anolent Greek period, whloh is 
directly related to the gross anatomy and physiology 
of vision, and oan serve as a central theme about 
which the development of the knowledge of vision oan 
be presented, oonoemed the problem of identifying 
the central organ of the senses (of. Clarke & O'Malley, 
1968; Farrington, 1947, 1959). (For maps and graphic 
presentations of the Greoo-Roman period, with photographs 
of the ancient sites, see Van Der Hayden and Soullard, 
1959).

Aooording to the above historians Alcmaeon of 
Croton (fl. o. 500 B.C.), thought to be a pupil of 
Pythagoras (c. 582-500 B.C.) and himself influential 
upon the establishment of the Hippocratic school 
during the 4th century B.C., appears to be the first 
to praotlce dissection. Polyak (1957) says he dlsseoted 
human bodies, but most historians disagree. Alomaeon 
is credited with the discovery of the optlo nerves 
and with describing the pathways from the eyes to the
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brain. (The early writers did not differentiate 
the optlo tract, by name, from the optlo nerve.)

Alomaeon performed ophthalmlo surgery (Clagett,
1957) and more importantly was proported to be the 
first to recognize the brain as the central organ 
of the senses and of the intellect (Galen, 166, 169- 
175 A.D.). The Hippocratio writers (o. 430-350 B.C.) 
added motor oontrol to the functions of the brain and 
believed the brain to be man*s most powerful organ.
Plato (C. 429-347) in his trilogy of the soul assigned 
sensory reoeptlon, reasoning and memory to the brain 
(Clarke & O'Malley, 1968). It was primarily through 
Aristotle (384-322 B.C.) that the cardiooentric theory 
of the senses developed and his lnfluenoe was so strong 
that this view became commonly accepted. Aristotle 
supported the heart supremacy theory on the basis of 
dissections and experiments with some 50 different 
types of animal life, primarily lower forms, and 
logically formulated his conclusions (Farrington,
1947).

With the establishment of the Museum of Alexandria 
under the first Ptolomles (323-246 B.C.), human dlsseotlon, 
and even vivisection on oondemned orlmlnals, beoame 
common praotlce. This was the only period in antiquity 
when such methods were used on a grandiose soale
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(Kevorkian, 1959)* This liberal atmosphere did lead 
to a tremendous Increase In Information about the 
structure and function of the nervous system.
Aristotle's oardlooentrlo view was rejected as a 
result of the detailed anatomical work of Herophllos 
(fl. o. 300 B.C.), although his heart supremacy theory 
remained engraved elsewhere. While none of Herophllos* 
manusorlpts exist today, he Is given oredit for 
correctly describing anatomical structure and physio
logical relationships of the various sensory organs—  
especially the visual system— and the brain, based 
upon systematic personal dissection. The Museum of 
Alexandria attracted physlolans from other schools 
and came to be the most vast and well equipped research 
and teaohing institute in antlgulty, with about 100 
professors on the staff who were paid by the state, 
a library of about one-half million or more rolls 
(these were made from papyrus units approximately 10 
inohes long glued together to form rolls, some of which 
were over 100 feet in length!), botanical and zoological 
gardens, an astronomical observatory, and facilities 
for dissection and physlologloal experiments (see esp. 
Mason, 1953; Sarton, 1959)* "The main misunderstandings 
oonoemlng the history of soienoe (in particular 
during the Greco-Roman period) are due to historians
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of medicine who have the notion that medlolne Is 
(was) the center of sclenoe" (Sarton, 1952, p. x).
The Museum and the Library of Alexandria was des
troyed by Homan, Christian, and Muslum Invasions and 
by the mld-600*s A.D. was essentially nonexlstant.

Before the deollne of Hellenlstlo sclenoe and 
medicine In Alexandria the most productive and In
fluential authority of the entire period and, In 
fact, until the 16th Century, oame to this oenter to 
study* This man, to whom the eminent historian of 
sclenoe George Sarton (Cohen, 1957) refers as a "master 
of experimental physiology" (Sarton, 195*0, was Galen 
of Pergamon (o. 130-200 A.D.).

Galen traveled to a number of schools lnoludlng 
Pergamon, Alexandria, and Rome where he studied, 
praotloed medlolne, conducted anatomloal and physiological 
researoh, and wrote. He Is said to have written several 
hundred books although only about 80 are In exlstanoe 
today. There Is some question as to whether he per
formed human dlsseotions, but there Is general agreement 
on the fact that most of his work is based upon the 
Barbary ape (a species of the macaque). Galen no doubt 
did have occasion to observe human anatomy, however, 
slnoe he served for a period of time as physician to 
the gladiators In Pergamon (o. 157 A.D.) and traveled
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with the Boman legion as military surgeon during the 
war with the Barbarians (o. 180 A.D,),

The first oomplete translation from the original 
Greek Into English of Galen*s most important treatise 
for our purposes, On the usefulness of the parts of 
the body. 165, 169-175 A.D.) by M.T. May has only 
reoently been published. In It Galen treats the entire 
body In minute detail and attempts to prove that the 
total organism is one functioning unit. These 17 
books are paoked with anatomical and physiological 
Information, experiments, techniques, arguments and 
speculations. (Most of our present anatomical names 
oan be traoed to Galen's writings; Sarton, 1959).
For example, on toplos related to vision (Book X,
The eyes), Galen differentiates between sensory (soft) 
nerves and the motor (hard) nerves on the basis of 
their structure and function, discusses oouohlng of 
olouded lens (oataraots), describes the similarity 
between retina and brain tissue stating that the retina 
Is a portion of the enoephalon, gives a detailed anatomy 
of the parts of the eye, describes the uniting of the 
optic nerves at the chiasma (whloh he says resembles 
the Greek letter ohl), and traoes the nerves back to 
their place of origin at the sides of the lateral ven
tricles (lateral genloulate bodies).
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CHAPTER III 
THE DEVELOPMENT OP BINOCULAR CONCEPTS 
It Is with Galen {1965, 169-175 A.D.) that the 

first synthesized formulations of binocular vision 
were developed. He Integrated mathematical, anatomical, 
physiological, and psychological aspects In a treat
ment which comes close to being a correct, although 
not complete, theory of vision with the two eyes. The 
geometrical principles complied and created by Euclid 
(o. 390 B.C.) provided the geometry of external space 
and his descriptive optics. After showing that monoc
ular visual angles are constant over distance, his 
binocular argument goes as follows. When a circular 
object Is viewed, a cone is projected from each pupil 
to the circumference of the object. The monooular 
visual axes are represented by a line from the pupil 
to the center of the circle. The two visual axes in
tersect and, therefore, define one plane in space. If 
the axes do not intersect, doubling will occur. Doubling 
oan be easily demonstrated, Galen points out, by de
pressing one eye so that the pupil is displaced ver
tically from the other. The translator's redrawing 
of Galen's Fig. 2, Book 10, p. 494, is almost exactly 
the same figure of two eyes viewing a sphere with a

14
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plane beyond, drawn by and credited to Leonardo (Boring 
194-2, Pig. 4-1; Woodworth, 1938* Pis* 201). Leonardo’s 
drawing Is original and the idea may be, Independently 
his, but Galen's figure and descriptive narrative did 
exist some 1400 years earlier.

Galen also describes how a single object will 
appear at a different position as one eye or the other 
is closed, but when viewed with both eyes together the 
position of the object is midway between (a description 
of egocentric direction, or the "cyclopean" eye of 
Helmholtz). For anyone who wishes to demonstrate to 
himself this difference between the eyes and the com
bined effeot with both eyes together, Galen recommends 
gazing steadily at a distant pillar. (A vertical seam 
in a concrete wall will have to serve the purpose for 
us.) If a pillar Is available and one stands closer 
to it, another phenomenon may be demonstrated. Viewing 
with one eye then the other, one can see parts with 
eaoh eye that oannot be seen with the other. But with 
both eyes viewing simultaneously these parts do not 
appear double.

Galen dearly was describing binocular perspective 
but did not go on to fully develop the concept that we 
now refer to as disparity. Perhaps this was due, in 
part, to the rejection Galen felt by those who were
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not well-trained in mathematlos, for in several plaoes 
he attempted to justify this type of presentation.
For example, in Book 10 (p. 501)» he states that MI 
did not intend to disouss this, not wishing to be 
hated by the many who would ohoose to suffer any ill 
you please rather than to have anything to do with 
geometry." In fact, Galen considered omitting the 
entire seotlon of this book and would not have employed 
the theorems of geometry, but, he says, he was commanded 
by a god to do so. However, a rebuttle is given for 
those who would reject his work on this basis; for such 
persons who do not understand are implored to go and 
study Euclid's works and then come back when they have 
learned it.

Galen's gross anatomy and physiology inoluded 
significant errors but the underlying conceptualizations 
show that he saw the necessity for structural and 
functional interaction. The optic nerves are desoribed 
ad meeting at the ohlasma, and uniting so that we may 
see single. Vision is accomplished as a result of 
"pneuma" originating in the enoephalon, flowing through 
the optic nerves whloh Galen thought to be hollow, to 
the eyes, mixing at the chlasma, and returning to its 
souroe. Galen also thought that the lens was the 
peripheral photoreceptor and held to the belief in the 
emission theory of vision.
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Despite the inaccuracies, Galen displayed keen 
insight regarding binocular vision. The physiological 
explanation, i.e. flowing to the pneuma, might still 
be held as a gross analog to ohemical transmission.
Even assuming the analogy, today we immediately reject 
the pneuma ooncept beoause of the minute spatial and 
slow temporal aspects of chemical as contrasted t.o 
electrical parts of neural transmission.

In addition to the area of vision, Galen's works 
beoame the authority in anatomy, physiology and medicine 
until the sixteenth century. Arab treatises were 
written during the Dark Ages, and some were oonoemed 
with binooula^ functioning, but Polyak (1941, 1957) 
argues that this work appears to be copied, borrowed, 
or modified from the original Greek manuscripts. At 
any rate, little new knowledge was added during this 
period of tim^.

Interest and investigations relative to vision 
were renewed during the Renaissance. Systematic 
dlsseotion and the study of anatomy were relnstl'tuded, 
primarily in the person of Andreas Vesalius (1543), 
who corrected many of Galen's errors (Polyak, 1941).
More Important for the area of binocular vision was 
the work of Leonardo da Vinci (1452-1519) on perspective 
(see Richter A Richter, 1939# for a compulation of
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Leonardo's original notes and figures with accompanying 
translation; Woodworth, 1938). Leonardo dlsousses 
blnooular parallax and points out that the artist oan 
never reproduce relief as it naturally ooours beoause 
the two eyes see a different perspective of the same 
object while a painting can only represent one.
Anatomy was also studied in detail by Leonardo. He 
perfoxmed dissections and was especially concerned with 
the visual system (Sarton, 19^8). Polyak (1957) is 
quite critical of Leonardo's anatomical sketohes of 
the visual system and says he did not truthfully deplot 
what he saw but drew imaginary organs.

Information on the visual system came from many 
souroes beginning late in the 16th century. This more 
recent history has been adequately covered (Boring,
19^2; Clarke and O'Malley, 1968; Polyak, 19*H, 1957). 
Platter formulated the dioptrics of the eye; Kepler 
applied a mathematical treatment to describe the retinal 
image; and Soheiner demonstrated the formation of the 
retinal Image in animal and human eyes. Aguilonius 
(1613) was the first to use the term "horopter" to des
oribe equidistant binocular space. He lnoorreotly 
thought the horopter surfaoe Is represented by a plane, 
looated at the point of fixation, parallel to the eyes. 
Aguilonius did state, following Buolld's geometry that
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lines drawn between two pairs of points, forming equal 
angles, lnterseoted at positions whloh was represented 
by a olrole. Des Cartes described a projected point- 
to-point blnooular representation of single objeots 
In space.

Newton (1730) was the first to discuss a partial 
decussation at the ohlasma, at the turn of the 18th 
century. Hartley (1749) spoke of corresponding points 
between the two retlnea as did Camper (17**6) and Bold 
(1763). Vleth (1818) and Muller (1826) used the Inter
section of visual directions from these corresponding 
points to develop a theoretloal horopter olrole passing 
through the two eyes and any given points in spaoe on 
that clrole (Boring, 19^2).

The real breakthrough for the present theory of 
binocular vision (Ogle, 1950, 1959* 1962; Graham, 1965) 
came in the publication of Charles Wheatstone's paper 
(1838). It is here that geometrical and retinal dis
parity, as the basis for relief, are thoroughly dis
cussed for the first time. Wheatstone's development 
begins with the theory of corresponding points and the 
projeoted horopter spaoe of the Vleth-Muller olrole, 
for these were known at the time. However corresponding 
retinal points and Intersecting visual directions only 
referred to single vision or equidistant objeots.
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Wheatstone expanded upon these ideas to desoribe 
perceived depth differences which result when slightly 
nonoorresponding points or objects are presented to 
the two eyes and ooalese such that single vision still 
ooours but now relief within the Image arises; thus 
stereopsls. His argument was made abundantly clear 
when he created a relatively simple devloe for pre
senting slightly different Images to the two eyes* 
the mirror stereoscope (Wheatstone, 1838, Fig. 8 and 9)* 
He drew pairs of outlined figures of objects as they 
would be seen in real space from slightly different 
perspectives. The pair, or stereogram, was placed in 
the stereoscope so that eaoh one was viewed monocularly. 
The resultant single binocular image gave rise to depth 
as it occurs under natural conditions, due to the 
difference In perspective between the two eyes. Within 
oertaln limits, the greater the difference between the 
two monocular figures, the greater the depth.

There arose a great controversy between Wheatstone 
and David Brewster (181+2; also see Boring, 1942) over 
the origin of the stereosoope and oonoernlng the Inter
pretation of blnooular vision. Brewster does give 
Wheatstone qualified oredit: "Hr* Wheatstone seems to
be the first person who made experiments on the 
blnooular vision of unequal figures" (Brewster, 1842,
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p. 356)• While Brewster (1853) was no doubt more 
knowledgeable in optios, the interpretations of relief 
by Wheatstone have proved to be the more accurate.
The law of corresponding points, Wheatstone argued* 
was too restricted since* following the exact 
definition* any point which was located at a position 
in spaoe where the monocular visual directions did not 
preolsely intersect* would be double.

Panum. (1852) went on to develop somewhat of a 
compromise when he proposed that corresponding sensory 
areas existed in the retinae. Points which fell within 
these areas would not be double but xather fused and 
at different depths from* for example* a point of 
fixation where visual directions do interseot. These 
areas as they are represent e ^ ^ ^ H | H ^ ^ r e  been 
measured aoross the horizos|^^^^^^^^^^^^£d in-

Ogle* 
about whloh these
measured and Interpreted 2*
1952; & Bawllngs*

The origin of the s t e r e o s c ^ ^ M ^ ? l l  a souroe 
of oonfusion, however Wheatstone is given oredit by 
most people who may be considered authorities (Boring* 
19^2; Helmholtz, 1866; Holmes* 1859; Woodworth* 1938)*
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P» 356). While Brewster (1853) was no doubt more 
knowledgeable In optios, the Interpretations of relief 
b7 Wheatstone have proved to be the more aoourate.
The law of corresponding points, Wheatstone argued, 
was too restricted since, following the exact 
definition, any point whloh was located at a position 
In spaoe where the monocular visual directions did not 
precisely Intersect, would be double.

Panum (1852) went on to develop somewhat of a 
compromise when he proposed that corresponding sensory 
areas existed In the retinae. Points whloh fell within 
these areas would not be double but rather fused and 
at different depths from, for example, a point of 
fixation where visual directions do Intersect. These 
areas as they are represented In space, have been 
measured across the horizontal visual field and In
crease In size with eccentricity (Ames, Ogle, & Gliddon, 
1932J Ogle, 1952). The shape of the horopter curve, 
about whloh these fuslonal areas lie, has also been 
measured and interpreted (Linksz, 1952; Ogle, 1932,
1952; Shipley & Hawllngs, 1970a, 1970b).

The origin of the stercosoope Is still a souroe 
of oonfusion, however Wheatstone Is given oredlt by 
most people who may be considered authorities (Boring, 
19^2; Helmholtz, 1966; Holmes, 1859; Woodworth, 1938).
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Brewster's lenticular prism stereoscope and modifications 
of It, such as the hand held variety designed by Oliver 
Wendell Holmes (1859» 1861) oame Into popularity In 
Victorian England, Franoe, and the United States.
Numerous stereosoopes were manufactured as the photo
graphic process was being developed and stereo-photog- 
raphy became the rage, and to some extent still Is 
(Hamilton, 19**9; Jenkins, 1957; Morgan and Lester,
195*0. Holmes, who was fascinated with the stereoscope, 
called It "...the most remarkable material product 
of human skill..." (1861, p. 16) and proposed the "... 
creation of a comprehensive and systematic stereographlo 
library..." (1859, P» 7**8) where people could go and 
experience the world.

Curiously enough, It was during Just this exact 
period In time that the mathematical and optical 
formulations of stereoscopy and visual space were worked 
out by Helmholtz (1866). He also developed theoretloal 
treatments, such as that of the generalized horopter 
whloh added the vertical dimension In spaoe to the 
Vieth-Muller horizontal horopter. Helmholtz also 
described and depleted Instruments to be employed In 
the research of blnooular vision, for example the 
telestereosoope.
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At the same time that Helmholtz was working on 
the problems of binocular spaoe and stereopsis, Hering 
(19*12) was attaeking similar problems. Helmholtz has 
been characterized as a (or possibly the) great 
empiricist while Hering was an explicit natlvlst 
(Boring, 19^2). Hering's point of view was entirely 
different from that of Helmholtz, but his contributions 
were Important and have led to much of the present 
knowledge and theory of blnooular vision. The re
lationship of visual direction to local sign in blnooular 
vision waB developed by Hering. He postulated that 
nasal and temporal elements of the retina give rise to 
subjective famess and nearness and that the position 
In depth-spaoe can be determined by the intersection 
of the corresponding visual directions. Binocular 
visual directions result from the combined monocular 
ones. The cyclopean eye oonoept of Helmholtz is very 
nearly the same Idea although the apex of blnooular 
directions was positioned differently and floated for 
different points in space or with eye movements.

Hering's approach has been followed by Tschermak 
(1952) while Ogle (e.g., 1950) adhered more closely 
to Helmholtz, at least for quantifloatlon purposes.

Psyohophysloal investigations have flourished 
during the past oentury and numerous variables have
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been shown to have effeots on stereopsis, Stereoaculty 
Increases as exposure time increases (Langlands, 1929; 
Ogle and Weil, 1958; Shortess and Krauskopf, 1961), 
decreases as the spatial density of blnooular rivalry 
increases (Julesz, 1963), decrease as velocity increases 
(Lit, 1966), decreases as peripheral angle inoreases 
(Ogle, 1950; Rawlings and Shipley, 1969) and decreases 
under low illumination (Berry, Riggs, and Duncan, 1950, 
Lit, 1959; Muller and Lloyd, 1948).

The anatomical pathways of the visual system were 
described beginning in the mid-19th century using 
ablation and degeneration techniques. Panizza (1855) 
demonstrated that the occipital lobe was essential for 
visual function. Munk (I877) also helped to olarlfy 
the cortical areas Involved in vision and found that 
the ooclpital and ocolpltoparletal areas were the 
centers of visual perception. Gudden (1847) and Porel 
(1887) were instrumental in showing that deoussation 
took plaoe at the optic chlasma. The localization of 
visual projections centered in and about the oaloarlne 
fissure was determined by Henschen (1893)* Ramon y 
Cajal (1909-1911) traced the visual pathways and 
indicated that a uniting of corresponding areas, or 
their neural representations took plaoe in the striate 
oortex.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

Neuronanatomloal models have been proposed by 
Talbot and Marshall (1941) and H/5nne (1956) in an attempt 
to explain the temporal and spatial relationship of 
corresponding and disparate points as they are converging 
in the oooipltal cortex. The simpllolty of these 
models has not been supported on the basis of more 
reoent eleotrophyslologloal studies.
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CHAPTER IV 
STEREOPSIS

In the real world a number of cues are simultane
ously operating whloh allow a person to looalize visual 
objects on the basis of their dlstanoe. These distance 
or depth cues are typloally divided Into a two-class 
system that is rather obvious when the peripheral 
organs of vision are considered. There are two eyes; 
we can see with either alone, or with both together.
Thus, distance may be determined by monooular or blnooular 
cues.

The monocular oues to depth are: size; inter
position; linear and aerial perspective (lnoluding 
texture gradients); movement parallax; the interplay 
of light and shade; and accommodation (Graham, 19^5)*
It is generally agreed that learning and experience 
play a major role In the perception of depth from 
information gained through these monocular oues.
There is no known Intrinsic structural basis, other 
than what may develop over time, for Judging the 
spatial distance of objeots viewed with one eye alone.
A possible exoeption to the foregoing statement Is the 
discrimination of depth associated with accommodation, 
although in this case precision is very inaccurate 
(e.g. Baird, 1903; Ogle, 1950).

26
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The binocular cues to depth in Graham’s (1965) 
classification system are convergence and stereopsis. 
Convergence has been shown to be a very limited oue 
to depth (Gogol, 1961; Ogle, 1956; Zajao, i960). Well 
trained observers in Gogol's study were able to employ 
convergence differences to make depth Judgments slightly 
more accurate than naive observers, but this oue was 
still of minor or seoondary importance*

The most precise discrimination of depth is aohleved 
through stereoscopic resolution, which requires 
binocular interaction, and oan be quantified in terms 
of the disparity between the two monocular images.
Angular thresholds of stereopsis have been found to 
equal about 2 sec. of arc under Ideal conditions 
(Howard, 1919; James, 1908; Langlands, 1929). The 
minimum distance between the axes of two neighboring 
oones in the very center of the human fovea is about 
2 microns whloh corresponds to about Zk sec. of aro 
in the field of view (Polyak, 1957). This means that 
for disparity values of 2 sec. of aro the corresponding 
difference in position between the two retinae is about
0.17 microns or 0.08 of the distance between the axes 
of two oones. Furthermore, to make depth difference 
Judgments under typical conditions requires a minimum 
of two points and these must first be resolved, whloh
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in effect means that one Image must fall off the very 
oenter of the foveae, Individual receptor cells outside 
the fovea are separated by some 5"6 microns with outer- 
segment thicknesses of about 1.5 microns. Center 
to center distances between receptors dose to, but 
outside the fovea, are greater than 6 microns. There
fore, the corresponding visual angles equal about 1 mln. 
or more. In the spatial dimension, stereopsis Is Indeed 
one of man's most refined sensory skills.

It is generally agreed that the disparity value 
for the threshold of stereoscopic acuity equals about 
10 sec. of arc. It must be noted however that this 
angular difference between the two eyes represents 
a measure of deviation about the mean equidistant 
value. Therefore, what is referred to as a depth Judgment 
Is actually derived from an equidistant Judgment.

The simplest configuration giving rise to stereopsis 
based upon binocular disparity Is presented In Figure 1.
An overhead cross-section view through the eyes and 
two point sources in spaoe Is displayed with the 
Vieth-Muller olrole horopter as reference. Binocular 
fixation Is at and the second point, P2, is hori
zontally displaced in the right visual field. The 
visual directions are shown as lines from the retinae 
to the point souroes.
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Disparity Is usually defined as the differenoe between 
the angles otand p • In geometrical terms the two angles 
are equal for any pair of points that lie on the Vleth- 
Muller olrole. Assuming a oonstant eccentricity, the 
angle 11 in Figure 1, disparity lnoreases as the dis
tance from Pg to the referenoe olrole lnoreases. Out
side the olrole disparity Is referred to as divergent 
or uncrossed, and Inside disparity Is termed convergent 
or orossed. The Insert (stereogram) In Figure 1 shows 
the monocular positions of the two point sources from 
the observers point of view. Empirical studies have 
shown that the horizontal horopter plane falls outside 
the Vleth-Muller olrole (Ames, Ogle, & Glldden, 1932;
Ogle, 1950; Shipley & Rawlings, 1970b) and the functional 
zero disparity horopter therefore does not equal the 
theoretical olrole.

It Is necessary to clearly differentiate between 
equldlstanoe, I.e., horopter points, and stereoaoulty.
QuantIf1oation of both may take plaoe simultaneously.
For example, under the conditions In Figure 1, an 
observer may make a number of equidistant settings.
For eaoh judgment the variable point Pg is moved along 
0 until the observer indioates that the two points 
are equal In distance. The mean of these settings 
yields an estimate of the horopter for the given offset
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1//£-b/o~Mull£r C/rcle 
f horopterJ

£>cspas,c/y* oc~/3

Fig. 1. Simplest Stimulus Configuration for Stereoscopic
Depth Perception, Upper insert shows corresponding 
stereogram.
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angle 0. Stereoaoulty, on the other hand, Is a 
variability measure about the horopter point* Typioally 
the standard deviation or mean deviation is employed*
‘J-'he zero functional disparity value is given by the 
mean and the threshold of stereoaoulty is given by 
the deviation, usually presented in mln. or seo* of aro* 
The disparity range within whloh stereopsis exists 
lnoreases rapidly with inoreased ecoentrlolty* According 
to Ogle (1952), at the maculae patent stereopsis exists 
within a disparity range of about 30 mln. of arc. 
while at 5 dog. eccentricity the value approaches 
4 deg. of arc. These disparity ranges are far greater 
than the corresponding fuslonal areas of about 15 mln. 
and 50 mln. of aro, respectively.
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CHAPTER V
THEORETICAL CONSIDERATIONS OP DISPARITY 

AND STEREOPSIS 
As stated In the previous section, the basis for 

stereosoopio depth perception is disparity. It must 
be pointed out that the depth dimension Involved is 
relative not absolute. The depth difference between 
the object in relief compared to an external referenoe 
is the basis for the Judgment rather than the absolute 
distance from the observer (Ogle, 1962).

A more complicated problem arises when attempting 
to define disparity. Disparity has been loosely used 
in three different ways. Referenoe has already been 
made to two of these definitions. The three definitions 
of disparity are graphically displayed in Figure 2.
The first, and easiest to quantify is geometrioal dis
parity. *or two points, P^ and Pg, geometrioal disparity 
is defined as the difference between the angles a and 
p subtended at the optical centers of the eyes.

The seoond definition of disparity refers to the 
difference in retinal subtense or aro length between 
the two eyes. In the left eye, for example, at' 
represents the angle between the two point sources

31
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Fig, 2, Three Definitions of Disparity Graphloally 

represented.
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within the eye and behind the optioal center. Retinal 
disparity is defined as the difference between ot * and 
p  *. flue to refraotlon and to the movement of the 
optioal oenters with convergence, geometrioal and 
retinal disparity may not be equal.

Furthermore, what may be called functional or 
cortical disparity, may not be equal to either of the 
two previous disparity definitions. Figure 2 (bottom) 
is a schematic neuronal configuration showing cortical 
disparity. It is cortloal disparity whloh is really 
the valid definition. When two points are Judged equal 
in depth, no matter what the geometrioal and retinal 
disparities may be, it is cortloal disparity which is 
zero, as shown by the excitation (*2) initiated by the 
combined neural activity from the left (1 )̂ and right 
(r2> eyes. When two points are Judged different in 
depth, no matter what the geometrical and retinal dis
parities may be, it is cortloal disparity which exists 
and yields stereopsis. The neural input from l2”r2 in 
Figure 2 is a simplified representation of the blnooular 
interaction and disparity (+2)* The cortical column 
arrangement found by Blakemore (1968) for disparity 
specific cells in the oat is a first step in the identity 
of anatomloal and functional relationships at the oentral 
level.
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By pointing out these three different disparities, 
and suggesting that the ultimate disparity must be 
cortloal, it should not be Inferred that the other 
two disparity types oannot be employed as a metric in 
depth discrimination studies* A geometrioal or retinal 
disparity dimension can be used, but it is misleading 
to say that an empirically determined horopter point 
has a disparity of 5 mln. of arc simply because that 
is where it falls with reference to the Vieth-Muller 
olrole* Stereoaoulty measures are Iobs plagued by this 
inoonslstancy because they are variability values*

Any comprehensive definition of disparity must 
be applicable to the total blnooular field. A major 
problem in the past— and still a souroe of confusion—  
conoems the geometrioal treatment of disparate objeots. 
This is clearly seen in Kenneth Ogle's (1950, 1959*
1962) work (whioh does however provide the best contem
porary souroe of information regarding blnooular vision). 
He assumes the necessity of blfoveal fixation (1950, 
p. 136). For any point in spaoe disparity is calculated 
with referenoe to that fixation point, i.e., the foveae. 
Disparity and stereopsis Involve the simultaneous 
comparison of longitudinal retinal sections. Stated 
in another way, the difference in the two monocular 
retinal elements between the fixation point and the
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peripheral point beoomes the basis for depth 
discrimination. In a restricted sense, this 
formulation holds for disparity calculations, but 
on two count8 It is an Inaccurate Interpretation of 
what takes plaoe. The two ways In which the most 
oommonly aooepted definition of disparity Is wrong 
are:

(1) Involvement of horizontal retinal seotlons 
between the depth target and the fovea; and

(2) requirement of blfoveal fixation of some 
physloal point or target whloh Identifies a plane In 
spaoe. It Is these two assumptions against which I 
shall argue over the next few pages.

First, to quantify disparity In the blnooular 
visual field for positions above or below the hori
zontal meridian would necessitate a shaky assumption. 
The assumption required is that some mystical, or at 
least imaginary, vertical extent bisects the fixation 
point. This is displayed In the two monooular con
figurations shown In the form of a stereogram In 
Figure 3» The three peripheral points all have the 
same disparity values from the vertical line passing 
through the fixation point (F). The horizontally 
displaced point (P-̂ ) is the typical oase and does 
not require the assumption of a vertical referenoe.

f
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. Stereogram Displaying Disparate Points at 
Various Peripheral Locations
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Disparity oan be calculated direotly from the angular 
difference between F and P-̂  In the two monocular 
targets. Disparity for any combination of monocular 
points looated along the horizontal meridian may be 
determined In the same fashion (sign changes are re
quired if the point for one eye is on the opposite 
side of F than that for the other). The point, Pg, 
represents an example In which the aforementioned 
tenious assumption of a vertloal extent from fixation 
must be made. If the longitudinal segments of the 
retinae must be compared for disparity oaloulatlons, 
then the fixation point cannot Itself be used beoause 
it does not fall along the same horizontal meridian 
as Pg, Therefore the end point at the right side of 
the angular comparison neoessary for the calculation 
of disparity for P2 is located along the vertioal extent 
of F ait F*. The point P^ is a second example which 
requires the assumption of a vertically extended 
reference from F. The disparity of Pg is agfcin equal 
to that of Plt assuming a sign change if absolute 
differences are used between the two monocular pairs 
and calculations are made about Fn. The point, P^, 
has two additional unique characteristics: there is
no horizontal displacement from F in the fused image, 
i.e., the binocular visual dlreotlon is in the same
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vertical meridian as P; and, the two points would 
appear to be oortlcally represented In opposite 
hemispheres. Cortloal fusion and disparity are possible, 
however, and reoent evidence has been found for a 
double representation, I.e., blhemlspherlal, of vertloal 
strips of retinal areas through the fovea (Blakemore, 
1968). One might speculate that this strip oould, In 
faot, serve as the vertical extent from the fovea whloh 
I have referred to as mystloal or imaginary. The 
vertical strip found by Blakemore, however, represents 
a double projection and does not appear to be anatomically 
connected to the fovea.

A comprehensive theoretical definition of disparity 
whloh does not require a displaced fixation point, for 
calculation purposes, seems in order. In addition, 
this definition should not inherently require that 
horizontal retinal sections be compalred for calcula
ting disparity because there is no anatomloal basis 
for assuming that all retinal elements between point 
souroes are Involved In stereopsis. Suoh is the case, 
however, for solid targets which are of different 
monocular horizontal extent. This type of stimulus,
i.e., the anlseikonlo target (Ogle, 1950), has con
tinuous disparity aoross its horizontal dimension 
(Shipley & Bawlings, 1970c), and yields perceived
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stereosoopio tilt* All retinal elements subtended 
In blnooular viewing are anatomically Involved In 
tilt stereopsis. A oomprehenslve definition of 
disparity, therefore, must be applicable to a 
blnooular stimulus having continuous disparity or 
for a blnooular target having dlsorete disparity but 
not looked to the fixation point (Bawllngs & Shipley, 
19^9). The following formulation does hold for these 
targets because disparity calculations do not require 
that the fixation point, or retinal elements between 
the fixation point and any peripheral target, be 
Involved.

Disparity and stereopsis may take plaoe solely 
in the periphery (or In the absenoe of the foveas).
The point of fixation need not serve to Identify a 
referenoe depth plane against whloh other targets are 
compared. To conceive of a stimulus configuration 
structured such that disparity and perceived depth may 
occur In looalized areas of the blnooular field, consider 
the following situation.

The two monocular conditions presented In Figure 4 
show disparity which Is localized In the periphery. For 
each of the three pairs of points, the stereosoopio 
Judgment is made on the basis of depth differences 
between the two fused binocular points, I.e., within
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Fig, 4. Stereogram Displaying Disparate Pairs of 
Points at Various Peripheral Locations,
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each set, the right and left points Identify a different 
depth plane. (Of oourse the two points, Irithin eaoh 
pair, may also he set to he equidistant.)

The horizontally displaced pair of points (PP^), 
again may represent disparity valueB in the usual 
sense, i.e., calculations oan he made with reference 
to the fixation point. A previous study (Hawlings & 
Shipley, 1969) employing horizontally displaced pairs 
of equal separation, showed that localized stereoaoulty 
fell off as the eocentrlcity of the pair was lnoreased. 
Slnoe the peripheral pair was always in the same 
horizontal meridian as the fixation point, disparity 
oould have heen calculated in the common manner, as is 
the oase for PP^ in Figure 4.

Disparity for the two other pairs of points PP2 
and PP3 would require a vertical extension of the 
fixation point, if Ogle's disparity definition were to 
he used. However, if we calculate disparity with 
reference to fixation this would imply that the fixation 
point is involved in the depth discrimination. With a 
double point stimulus, where depth is judged on the 
basis of a comparison of the two, and the ooncept of 
localized stereopsis is employed, an even stronger case 
can he made against the inaoourate interpretation of the 
oommon definition.
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In Figure 3 the fixation point did actually serve 
to define a depth plane and the peripheral points 
were eompared to that plane. While the assumption that 
all elements within the retinal seotlon between the two 
points are necessarily Involved in stereosoopio Judgments 
could not be accepted, disparity values oould be 
calculated in the usual way if the vertical extension 
is assumed. It is also possible to oalculate correct 
disparity values in the usual manner for the pairs of 
points in Figure if. But, in this oase, it becomes 
quite clear that the most common interpretation of the 
meaning of disparity is inaccurate.

Another situation which I offer as additional 
support that stereopsis is not necessarily looked to 
a foveal fixation point nor dependent upon horizontal 
retinal sections between the fixation point and a 
second peripheral point is graphically shown in Figure 5* 
The points, T^, Tg.**T^, represent a time dimension 
for a single fused binooular point. The subscript 
for each T point refers to a discrete time wherein 
the right and left eye images are simultaneously flashed. 
For simplicity, I have constructed the right and left 
points so that a continuous dlreotional ohange in 
depth would occur with eaoh successive flash. The 
monocular points oould as well be positioned so that
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Varying over Time■
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random directional depth ohanges take plaoe, The 
observer's task in this type of presentation Is to 
Judge the directional change In depth of eaoh stimulus 
flash as compared with the preoedlng one. The judgment 
does not require that a horopter be Identified by the 
fixation point, although admittedly It would serve to 
enhance discrimination. (F could be left out of ♦'he figure.)

The final argument that depth need not be looked 
to foveal fixation and does not result from the inter
action of retinal areas between the foveae and a peri
pheral stimulus I believe to be conclusive. The stim
ulus configurations shown in the three previous figures, 
as well as many others whloh could be ennumerated, 
might be used as examples.

A modification of the two-point target in Figure 4 
is shown In Figure 6. It seems to most clearly and 
simply make the point. In this stereogram the points 
P^ and P2 cannot be looked to a fixation point, they 
cannot be Judged in depth with referenoe to a plane 
established by the fixation point, there can be no 
horizontal retinal sections to the fixation point 
involved in stereopsls because there is no fixation 
point. The dotten circle (f) represent the foveal 
visual directions whloh may be looked or held constant 
by a binocular modification of the stopped retinal
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Without Binocular Fixation Point as Reference,
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Image technique (Ditohbum & Ginsborg, 1953; Biggs, 
Hatllff, Comsweet, & Cornsweet, 1953)* The foveal 
directions need not Intersect In physical spaoe* The 
stereogram In Figure 6 may Imply that they do but either 
monooular half oould as veil be displaced vertically 
or horizontally, or tilted, depending upon the position 
of the eyes.

Another possibility is to fix the eyes by pharma
cological and/or meohanloal techniques (Barlow, Blakemore, 
Pettigrew, 19^7) so that the retinal location of the 
Images may be manipulated. The purpose Is to fix the 
eyes (or images) so that monocular positioning Is 
controlled without using a fixation point, or more 
specifically without stimuli that fall along primary 
foveal directions. Stereopsls still exists In the points 

^nd P2 and they may be manipulated to produce depth 
between them, or set equidistant.

The temporal and spatial conditions of the monooular 
stimuli whloh yield stereopsls becomes an Issue here. 
Stereopsls Is a central function requiring simultaneous 
Inputs from both eyes. Ogle (1963) found that for an 
exposure time of 18 mseo., stereopsls was lost If tem
poral delay between the two monocular stimuli 'was 100 mseo. 
or more. To aohleve stereopsls in the binooular visual 
field a comparison must be made between the looatlon or
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position of Images In eaoh eye. The spatial Inter
action of the monooular stimuli Is also central and 
primarily cortical* Hubei and Wlesel (1962) found 
that the most units In area 17 of the cat were bin- 
ooularly driven while at the lateral geniculate bodies 
binocular Interaction seldom ooourred.

These spatial conditions of stereopsls are not 
really new beoause they hark baok to Wheatstone's 
(1838) ideas discussed earlier. Disparity Is still 
horizontal, but horizontal between or within targets 
in the two monooular fields which are overlapped or 
locked in blnooular fusion. To calculate disparity 
at any points in the blnooular field requires only 
that the eyes be locked or fixed in position. If all 
monocular directions are known and plotted, two retinal 
maps result whloh may be subdivided by any coordinate 
system one may wish to use.

In conception, the simplest retinal maps are those 
shown in Figure 7. The qqual interval divisions corres
pond to equal angular space. When the two retinal maps 
are looked In binocular fusion a cortical map results. 
For simplicity, the cortical map presented In Figure 7 
has the same physical and angular divisions as the 
retinal maps. The cortical map represents the total 
horopter space. Any blnooular stimulus configuration
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Maps
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in which the two monooular inputs are projeoted to 
the same position, or give rise to matching neural 
activity for spatial looation, would be perceptually 
equal in depth. Disparity is calculated as the 
horizontal difference between the two monooular 
targets, labelled with an additional subscript in the 
binocular map to indloate left (1) and right (r) eye 
inputs, for example, if each division in Figure 7 
equals 2 mln. of arc, then disparity for = 1 min. 
and disparity for Pg = 30 sec. of arc.

The retinal and cortical maps, of course, are not 
so simple but the purpose of this presentation was not 
to describe the shape of visual space but rather to 
show..that stereopsls may take plaoe in any portion of 
the binocular field, a fixation point is not necessarily 
directly involved in stereopsls, and that horizontal 
retinal sections, between the fovea and other retinal 
areas, need not be Included in defining disparity.
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CHAPTER VI

NEUROPHISIOLOGICAL EVIDENCE OP BINOCULAR INTERACTION 
AT CORTICAL LEVELS

Within the last decade several investigations have 
produoed neurophyslologlcal evidence whloh indioates 
that neural prooesslng of binocular stimuli ooours 
in the ooolpltal cortex. The experimental work began 
with single oell recordings in the oat.

Single oell recordings in the striate area of the 
oat by Hubei and Wiesel (Hubei, 1959; Hubei & Wiesel, 
1959) led to the identification of individual blnooular 
units and gave some information about their anatomical 
structure (Hubei & Wiesel, 1962). Cells were found 
to be situated in columns forming a functioning 
architecture. Binocular cells were rarely found in the 
lateral genloulate. More specifically, single oell 
eleotrophysiologioal studies have given information 
about the neural activity, at the cortical level, in 
stereopsls (Barlow, Blakemore, & Pettigrew, 196?; 
Blakemore, 1968). While Hubei & Wiesel initially 
found that most blnooular cells (some 85# were bln- 
ooularly driven) fired maximally for what they thought 
to be oorrespolndlng nondisparate points in the retinae,

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

51

the latter investigators have found cells which 
respond differentially as a function of blnooular 
disparity. The maximal firing rate of eaoh of these 
units was associated with a specific disparity value*

Out of a total of 137 units, 112 were binooularly 
driven and 8? of these were reliable. Barlow, Blakemore 
& Pettigrew (1967) argue that Hubei & Wiesel (1962) 
did not adequately control eye movements. Using pharma
cological agents (Flaxldil and d-tuboourarine) eye 
movements were measured and found to approximate 6 mln. 
of aro per hour. Mechanical methods were then employed 
in addition to the drugs. The oonjunctivae were stretched, 
dried, and attaohed to a mental ring to further fix 
the eyes. Under these combined conditions no eye 
movements could be detected. Stimuli were then pre
sented and their location more precisely controlled. 
Individual units were maximally facilitated by bar, 
slit^or edge stimuli having specific disparity values 
between the two monocular pairs. The range of dis
parity values was found to be 6.6 deg. in the hori
zontal and 2.2 deg. in the vertloal. The investigators 
argue that their findings lndloate a neural meohanlsm 
for depth discrimination in the oat cortex.

Similar eleotrophysiologioal investigations were 
being oonduoted at Bishop's laboratory in Sydney 
simultaneously with the work in Barlow's Berkeley laboratory.
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The Sydney findings were published a few months 
after the California work (Nlkara, Bishop, & Pettigrew, 
1968; Pettigrew, Nikara, & Bishop, 1968). However, the 
neural meohanlsm for blnooular depth discrimination in 
area 17 of the oat’s oortez must be considered a mutual 
disoovery. In faot, there was some collaboration 
between the two labs (in the person of Pettigrew, see 
Blakemore, 1968) and if it oan be said that either was 
first, then at least as far as technique is concerned, 
one would have to give the edge to Bishop’s group in 
Sydney.

Next is the question of an eleotrophysiologlcal 
mechanism for stereopsls in man. Since, fortunately, 
the Museum at Alexandria has long since passed, we must 
consider techniques of recording and analysis from 
humans who are, and remain, intact.

The averaging of electroencephalographio (EEG) 
activity from the surfaoe of the scalp is a recent 
development made possible by technological advance.
The "averaging" oomputer takes amplified EEG potentials 
and sums over time, in effect adding the gross oortlcal 
responses which ooour along a reference time base. The 
resultant curve is referred to as the evoked cortical 
potential (EP).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

53

If the surfaoe SEG activity contains some component 
of neural discharge which is related to stereopsls, then 
the evoked potential should reflect that activity in 
terms of amplitude and/or frequency of the waveform.
If the gross neural discharge related to stereopsls is 
differential in degree, then the waveform of the EP 
should show that differential.

The purpose of the experiments portion of this 
study was to determine disparity values of stereopsls 
obtained through psychophysical methods. The stimuli 
were then presented back to the observer with disparity 
values based on his own judgments, and EPs were reoorded 
to the different disorete values of disparity.

Two papers have just been published whloh report 
modifications In the EP as a function of disparity 
changes. The first (Regan St Spekreljse, 1970) used 
Julesz (I960) random dot stereograms. These targets 
have no monocular cues to depth and no monooular form 
pattern. Slight ohanges in the EP curve occurred as 
disparity values of 10 mln., 20 mln., and 40 min. of 
are were introduced. The second study (Plorentinl & 
Maffel, 1970) used two oscilloscopes with vertical 
lines moving laterally across the screen. The spatial 
frequency of the lines of one scope was varied while

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

5^

the other was held oonstant. This produoed a peroeptual 
Inclination in the fused blnooular stimulus* Changes 
In the EP were found as the two monooular stimuli 
beoame increasingly mlsmatohed.

As oan be seen, both of these studies employed 
complex stimuli and neither controlled the psyoho- 
physioal dimension* Disparity in the first study and 
percentage of change in the second were defined not 
according to judgments made by the observer but rather 
to a set physloal scale. Both reports were basloally 
descriptive. However, it oan be concluded from these 
studies that changes In eleotrophysiologloal activity 
recorded from the human scalp seem to correspond with 
changes in disparate visual stimulation.
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CHAPTER VII 
METHOD OP INVESTIGATION

Subjects. Pour observers, experienced In making 
stereoscopic Judgments, served as subjects. Three of 
the four had participated in previous experiments In 
whloh visual depth judgments were made. Evoked po
tentials had been recorded from all four observers 
to various sensory stimuli. Their visual acuities 
were oorreoted to 20/20. All were dark adapted about 
20 minutes.

Apparatus. The apparatus consisted of two main 
parts as shown In Figures 8, 9, and 10.

A diagram of the apparatus for visual stimulus 
presentation Is shown In schematic form In Figure 8.
Ten^ sec. duration point light sources at a frequency 
of 2 pulses/sec. were provided by a Grass Photo- 
Stimulator Model PS-2. Flexible fiber optic light 
guides transmitted the photo-flash from the photo
stimulator to four pointb In physical space (F^ Fr, 

and Cr) located In the same horizontal plane. The 
aotive diameter of the light guides subtended approxi
mately 2.73 mln. of arc and the intensity was I.** 
millilamberts. Observation distance was one meter.
The separation of the two monooular fixation points 
(F^ and Fr) was adjustable and set to the lnterpuplllary

55
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Fig. 8. Schematic Diagram of Stimulus Apparatus with 
Metric for Angular Disparity Calculations
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distance (PD) of the observer so that foveal visual 
directions were parallel. The two monooular comparison 
points (C^ and Cr) were offset 1.5 deg. to the right 
of fixation. The comparison points were mounted on 
bench wedge slides which were adjustable In simul
taneously opposing directions by a finely threaded 
bolt. Botatlon in one direction moved oloser to 
?1 and Cr farther from Fr while rotation In the other 
dlreotlon resulted In opposite movements of the com
parison points with referenoe to the fixation points.
A vernier oallper was fixed to the benoh slides and 
made possible a metric reading to an accuracy of 0.02 
mm. (or about 4 sec. of arc) for any given position of 
the two comparison points. Physical disparity values 
were directly determined by reading the oallper and 
subsequently oonverted Into angular disparity values.

Figure 9 shows the physical configuration as 
presented to the observer. Polaroid filters placed 
before the light sources and In front of the eyes 
were oriented so that F^ and were visible only to 
the left eye and Fr and Cr only to the right eye.
The four monooular points were easily fused and 
resulted In blnooular vision. Stereoscopic perception 
of depth, based solely on binocular disparity, was 
readily achieved by all observers in the experiment.
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Fig. 9. Schematic Diagram of Stimulus Configuration 
for Stereoscopic Depth Perception. Upper insert shows corresponding stereogram.
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(Several naive observers who were placed In the 
apparatus for test purposes also had little diffi
culty in perceiving the depth effect.)

The simultaneously opposing movement of C^ and 
Cr resulted In lateral displacement of these points 
from X (the 1.5 deg. angular offset from fixation).
In Figure 9, an example of the displaced and Cr 
Is shown which would normally yield a perceptual 
depth difference between the two fused blnooular 
stimulus points. The Insert shows the stereogram 
form of the same four points. In this case the bln
ooular comparison point would appear farther than 
the fixation point. Since the oallper was synchronized 
with C^/Gp movement, the physloal value neoessary to 
calculate angular disparity, was directly determined. 
After establishing the referenoe separation between C]_ 
and Cr, when the peripheral point was judged equidistant, 
the difference in the oallper reading for any other 
position of the comparison points gave a physical metric. 
In Figure 9 this metrio is the difference between the 
reference and deviation values. Transforming into 
angular tftrms, disparity is defined as*

(Ci - x) + (C - x) 
tangent angle = O.D. *

where OD = observation distance.
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For disoussion purposes It Is assumed that the equi
distant horopter point in Figure 9 is positioned at 
1*5 deg. of aro In eaoh eye.

The experimental arrangement for recording EPs 
is presented in blook diagram form in Figure 10.
Pulses from the Grass Photo-Stimulator provided the 
visual point stimulation as previously described and 
also served as a synchronous negative 6 volt square 
wave to trigger the Neurao Averaging oomputer. The 
observer was fixed with his mouth positioned in a dental 
wax bite board. Bipolar electrodes were attached to 
the scalp along the midline Just above the inion and 
6 cm. above the inion. Leads from the reoessed diso 
silver electrodes transmitted the ongoing eleotrioal 
brain activity to the pre-amplifier (Amerloan Optical 
Differential Amplifier Model 596). Additional amplifi
cation took place in the computer. A Tektronix Type 
592 Osollloscope with Type H Plug-In Unit provided 
a continuous monitoring display of the amplified 
potential difference between the two electrode Inputs* 
The oomputer was pre-set to sum the eleotrioal activity 
of 6k stimuli in a 500 mseo. epoch. Onset of the oom
puter time sweep and onset of the stimuli were simul
taneous. Frequency bandwidth was from 0.1— ^5Hz. The 
two memory banks of the oomputer* 60 points eaoh, were

I
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Fig, 10, Block Diagram of Apparatus Arrangement for 
Recording Evoked Potentials ,
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used to provide a 120 point resolution. Eaoh point of 
the 500 mseo* display therefore represented Just over 
4 mseo. A two-way inter00m allowed voioe communication 
between the experimenter and observer who were in 
separate eleotrloally shielded rooms.

Procedure. The separation of and Fr was set 
at the lnterpuplllary distance for eaoh observer, who 
was then fixed into the bite board* The experimental 
room was essentially free of light exoept for the point 
sources but any stray light was oooluded from view by 
a viewing hood and appropriate masking. The point 
sources were introduced and blnooularly fused by the 
observer. Psyohophysloal settings were then reoorded 
using a modified form of the method of adjustment 
(Guilford, 195^)• The flash rate was constant at 2 
pulses per seo. throughout all portions of the experi
ment. As the comparison points were varied, the per
ceived depth change was not always continuous and 
sometimes the point appeared to nJump" in depth if 
disparity was ohanged too rapidly. Typically, however, 
the perceived depth difference between the two fused 
blnooular points was rather smooth. The experimenter 
adjusted the separation of the comparison points, in a 
counterbalanced order, until the observer was satisfied 
that the two blnooular points were equidistant, different
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in depth, or outside the limits of stereovision—  
depending upon the criterion. Twelve Judgments were 
recorded for eaoh observer under eaoh oondition.

The primary experimental portion of this study 
was concerned with recording gross evoked potentials 
(EP) for different disparity values. For these 
eleotrophyslologioal reoords, the angular separation 
of the comparison points was based upon eaoh observer's 
own settings. Disparity settings for the main set of 
EPs were determined in the following way. First, 
equidistant settings were made to determine the zero 
functional disparity value. Then values were recorded 
for the comparison point depth localizations of "dearly 
nearer" and "clearly farther." These depth difference 
judgments were clear, relatively easy to make, and 
reliable. After determining the means of each of these 
three settings, i.e., equal, clearly nearer, and clearly 
farther, two additional disparity values were calculated 
in each depth direction using the difference between 
the means as a unit. The total stimulus set employed 
for the EPs included seven disparity settings eaoh 
taken twice and were presented in the following order.

1. + 3 N, difference between means of equality
and clearly nearer X 3.
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2. + 2 N, difference between means of equality
and olearly nearer X 2.

3* + 1 N, psyohophysioally determined mean of 
olearly nearer.

If. E, psyohophysioally determined equidistant.
5* + 1 F, psyohophysioally determined mean of

olearly farther.
6. + 2 F, differenoe between means of equality

and clearer farther X 2.
7* + 3 F, differenoe between means of equality

and olearly farther X 3«
This study was also conoerned with obtaining EPs 

to disparity values great enough so that stereopsls 
was lost. Fusion of the monooular comparison points 
always broke down before the perception of depth differ
ences) so the orlterlon for this case was not simply 
diplopia but loss of peroelved depth between the 
fixation point and the comparison point. The observer's 
task was to hold the monooular fixation points fused 
while disparity was lnoreased in the comparison points 
beyond the limits of stereovision. EPs were then 
recorded to this binocular configuration.

The gross eleotrophyslologloal activity under two 
other conditions was also reoorded following the same 
basic procedures already described. The conditions

L
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were fixation in space three times the peroelved separation 
of the two blnooular points but above the fixation point, 
and the same, below the fixation point* The purpose of 
these additional oondltlons was to determine if reliable 
EPs oould be reoorded under different typ®s of stimulus 
presentations and to compare the ourves with the major 
set.

L
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

CHAPTER VIII 
RESULTS

Average gross evoked potentials (EPs) recorded 
from the human scalp have great variability among 
subjects, under different recording techniques, and as 
a funotion of the type of stimulation (Cobb & Moroouttl, 
196?; Donohin & Llndsley, 1969; Perry & Childers, 1969). 
Therefore before presenting the curves evoked by the 
various disparate visual configurations In this study 
and In order to place them In better perspective, it 
seems necessary and appropriate to first show EPs 
resulting from the simplest similar stimulus target.

In Figure 11, two curves from eaoh of three 
observers are displayed which were recorded under 
essentially the same conditions as those In the later 
figures. The differenoe is that these curves were evoked 
by one foveal blnooular point source (the same fixation 
point used for the disparity conditions). An upward 
deflection indloates eleotrioal aotivity at the upper 
electrode was positive with reference to the lower.

The components in the curves may be compared to 
Clganek's (1961) classification method as noted by the 
Homan numerals in the traces of subject MP. However 
the recording techniques and resulting curves are

66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

67

H P

zr

T 5

J.OO cioo 300 Voo SOo

/ tme

Fig. 11. Binocular Foveal Evoked Potentials for Three 
Observers Recorded from Bipolar Electrodes 
over the Occipital Cortex
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generally more similar to those obtained by Harter &
White {1968); Perry & Copenhaver (1965)» Hemond (1969) 
and Shipley, Jones, & Fry (1966). Small but reliable 
early components may be seen but the first large down
ward deflection peaks at 160-190 mseo. followed by an 
upward deflection peaking at 225-240 mseo. The temporal 
portion of the EPs up to 300 mseo. Is the area of concern
and all of the following figures have a time base of
0-300 msec.

Figures 12, 13, and 14 show the EP waveforms for 
three observers from psychophyaically determined dis
parity conditions as listed in the METHOD section. 
Equldistanoe (E) and near and far conditions (+ 1 N, 
+ 2 N ,  + 3 N, + 1 F ,  + 2 F  and + 3 F) appear above 
and to the right of each appropriate pair of EPs.
The functional disparity value In decimal minutes of
aro for each set of curves Is given.under the oonditlon 
notation. These values were calculated angular differ
ences from the mean setting of equality. (The equidis
tant referenoe value is always 0.0 mln. of arc.) It 
can be seen from the standard deviations listed In the 
figures under the functional disparity values for 
conditions E, + 1 N, and + 1 F that these distributions 
are quite narrow and the judgments reliable. This is 
the case even though the Judged differences between
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Fig. 12. Evoked Potentials for Psyehophysically Determined
Disparity Conditions* Observer MR Small vertical line 
in each pair indicates the mean latency of component a.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

XU
M

70

equality and clearly nearer or clearly farther are 
large In comparison to stereoscoplo disparity values 
most often reported.

This finding appears to be due, in part, to the 
criterion used for making stereoscopic Judgments.
Equality of depth has been the typical standard, but 
Equidistant Judgments set restrictive limits upon the 
type of stereosooplo measures that are possible. We 
do not go strolling along shifting from one horopter 
world to another but rather are able to simultaneously 
compare and Judge on a continuous dynamic basis.

The EP records, representing eleotrophyslological 
activity, for the most part, are reliable and similar 
for eaoh observer for each stimulus condition. There 
are differences between observers as shown in Figures 12, 
13, and 14, Part of the difference may be due to the 
range of disparity over which the seven conditions were 
taken. For example, the psyohophysically determined 
disparity units for MP (Figure 12) are much larger than 
those for SH (Figure 13).

First, in Figure 12, the EPs for the equidistant 
condition are quite similar to the EPs for binocular 
foveal stimulation (of. MP in Figure 11). Systematic 
variations in the curves of MP appear as disparity 
values were ohanged. Specifically, the early doublets
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In the + 1 and 2 N and F conditions arc most noticeable. 
Beginning with the equality records and progressing 
+ 1, + 2, and + 3 in either direction a systematic 
change In the early portion of the EP takes place.
The downward component (labeled throughout as a) in 
+ 1, which peaked at about 100 mseo.t Is shifted to the 
right (125-150 msec.) in + 2. Component a also approaches 
the potential difference of component b located con
sistently at about 175 msec. In all of the EPs of MP.
For the + 3 conditions the orltloal a wavelet does not 
appear clearly differentiated from the b component.
It may be overlapped but the amplitudes of b are not 
consistently larger. If the a component is an electro- 
physiological correlate of disparity for this observer 
the question arises regarding what beoomes of this 
critical portion of the curve In the + 3 conditions.
There is a psychophysical argument that the electrical 
binocular disparity activity is gone in + 3 N and F 
because this observer did have difficulty maintaining 
perceptual depth differences for the extreme near and 
far conditions.

A similar early downward a component Is identi
fiable in the EPs from observer SR (Figure 13). The 
latency shift for the different conditions is not as 
reliably located nor dramatic as in the data of HP
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but then the dlfferenoe In the disparity values were 
smaller (aotually about one-half the disparity for 
eaoh corresponding oondltlon). Solid stereodepth 
was easily held by SB In the extreme near and far 
conditions and the a component Is easily seen In + 3 N 
and F.

A third set of data Is presented In Figure 14- 
from the observer IM. For all conditions, a large b 
component is present and consistent In both latency 
and amplitude. Following the a component through 
the seven conditions one again finds a variation 
corresponding to increased disparity values. This 
observer was the least experienced of those who par
ticipated In this study and the a component Is also 
less pronounced (throughout all of the EBsin Figure 14-) 
than in the other observer's records.

Evoked potentials from another observer were 
taken with predetermined geometrical disparity values. 
In Figure 15 the a component is located at about 160 
mseo. for both near and far depth conditions and is 
clearly differentiated. The waveforms are unlike 
those of the other observers but the a component be- 
oomes more prominent as disparity was introduced.

Evoked potentials to disparity values large enough 
so that stereodepth was lost are shown in Figure 16.
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The reliability was poor under these conditions 
espeolally before 100 mseo. and beyond 200 msec.
This variability does correspond to changes In the 
visual stimulus. It was difficult to hold the two 
fixation points In binocular fusion and during these 
runs different pairs were sometimes wrongly fused 
and at other times four points were perceived.

It was possible to "fixate11 in space above, or 
below the fused fixation points. The four sets of 
ourves in Figure 17 shows the results of these con
ditions , The reliability was consistently poorer even 
when stereosooplo depth was peroeptually clear. Ob
server TS reported It was very difficult to get a 
depth effect when fixating In the above condition 
and the EPs which were recorded do not, in faot, 
resemble EPs for other depth conditions. Only one 
slow broad wave appears from about 100-250 msec.
For the same observer in the fixation below condition, 
the EPs show an indication of the a and b components.
The a and b components in the EPs for the fixation 
conditions above and below, for SR, may be identified 
especially in the above condition. The EPs in Figure 
17 support the main findings {Figures 12, 13, and 14) 
but are inadequate for making a strong oase for disparity 
coding in the absence of a binocular fixation point.
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Figure 18 Is presented for the purpose of dis
playing the change in the critloal component, £, the 
EPs taken from the three main observers (Figures 12,
13, and 1*0. Each point represents the mean latency 
of component a for two EPs for each functional disparity 
condition for eaoh observer. The latenoy of the a 
component, as marked in the three pertinent figures, 
was determined by measuring the position in time of 
the maximum deflection of eaoh appropriate wavelet.

The general trend which may be seen in this summary 
figure suggests that the latency of a increased as 
functional disparity increased. The trend is in the 
same direction and of a similar degree I or the near 
and far functional disparity conditions. As noted 
previously, the ohange is not systematic for every 
two-point comparison. However, within each observer’s 
data points the trend is maintained. The argument for 
lnoreased latency with Increased functional disparity 
is stronger when all three sets of data are plotted 
and inspected simultaneously.
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CHAPTER IX 
DISCUSSION

The major finding of this investigation was the 
identification of a relatively early component (a) 
in the scalp reoorded evoked potential which varies 
with psyohophyslcally determined disparity in a two- 
point binocular stimulus. The latencies of the 
maximum deflection of the a component range from 
about 70 to 140 msec, depending on the amount of 
functional disparity. The EP reoords show that the 
critical oomponent may vary in time and that aoross 
observers, the change tends to be systematic. As 
stereoscopic depth increased in a binocular peripheral 
point, with a foveal fixation point as reference, in 
either the nearer or farther direction the latenoies, 
of the neural activity of which this wave is comprised, 
tends to increase.

Taking the stereosoopic depth perceptlon/EP 
oomponent relationship at face value and describing 
how the two change adds little to the understanding 
of the neural processes and mechanisms involved in 
binocular function. Before an explanation can be more 
than speculative, it is neoessary to determine what 
eleotrophysiologlcal activity might be reoorded in the

81
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EP from soalp electrodes. Two lines of research are 
particularly pertinent to the analysis of the EPs 
presented In this study* the single cell work on dis
parity specific cortloal units; and, the Investigation 
of the relationship between single unit responses and 
gross EPs.

Eleotrophyslologlcal Investigations of disparity 
specific blnooular units In area 17 of the oat were 
discussed In CHAPTER VI. Barlow, Blakemore & Pettigrew 
(1967) reported that over 8OJ6 of the units from which 
they reoorded were binooularly driven. After determining 
the two monocular receptive fields (minimum response 
field), the optimal position for maximum facilitation 
was identified for simultaneous binocular stimulation. 
Disparity was then calculated as the difference in 
displacement from the initial monocular field centers 
to their location under blnooular conditions. The 
disparity range ror 87 unl&s was 6.6 deg. or arc 
horizontally and 2.2 deg. of arc vertically, m e  
Horizontal disparity spread, they note, is extremely 
large compared wltn the 10 sec. of aro threshold of 
stereopsis found in human psycnophysical studies. It 
Is further implied that the reason is due primarily 
i>o poorer discrimination In the cat, than In man, 
whioh Is likely one Important factor. However, the

1
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comparison they make Is not the proper one. Blakemore 
(1968} was oorreot when he later stated that n...thls 
figure (the horizontal disparity value) should more 
reasonably be oompared with the upper disparity limit 
for obtaining a reliable sense of depth £p. 9*0 •"
He also presented data from units sampled with a func
tional column in the oat's cortex which in one oase 
yielded a horizontal range of 0*3 deg. of arc and in 
all instances yielded a smaller disparity range.

Two types of comparisons between the unit activity 
in the cat and psychophysloal Judgments in man are possible* 
those related to corresponding depth areas; and those re
lated to the range of depth over large disparity values. 
First, the 10 sec. threshold in man is more appropriately 
compared with the standard deviation of the disparity 
range calculated from Blakemore*s "depth column" re
cordings. This comparison is valid beoause both types 
of data are related to the identification of a single 
position, or small area, of looalized depth. Nikara,
Bishop, & Pettigrew (1968) investigated corresponding 
areas and reported a 0.6 deg. Standard deviation of the 
disparity range from eleotrophysiologioal unit response 
in the oat's visual oortex.

The second type of valid comparison may be made 
between the stereosoopio depth limits, psychophysloally
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determined (Ogle, 1952), end the horizontal disparity 
spread found In the single unit recordings reported 
by Barlow, Blakemore, & Pettigrew (1967)* In oomparlng 
these two approaohes It may he seen that under certain 
conditions the total disparity range was quite similar. 
For example, at 6 deg, eooentrlclty the horizontal dis
parity ranges were about 4 deg. of arc.

The disparity conditions employed as blnooular 
stimulation for the EP recordings In this study cover 
a wide range of stereoscopio vision. The eleotro- 
physiologioal potentials, therefore, arer more in line 
with the type of single cell data which represent a 
large spread of disparity specific cortical detectors.

Individual psyohophyslcally determined depth 
locations, I.e., the E, + 1 N, and + 1 P conditions, 
on the other hand, yield data of the corresponding area 
type.

The Investigation of electrophyslologlcal activity 
recorded simultaneously from single units and from the 
cortical surface is appropriately discussed at this 
point. In the visual cortex of the unanesthetized 
paralyzed cat Cruetzfeldt, Bosina, Ito, & Probst 
(1969) found relationships between the type of neuron 
and components In the surfaoe activity. An early 
consonant of the EP, at 15*50 msec., was related to
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disoharge of on-oenter fibers and the beginning of 
ezoltatory postsynaptic potentials. The main component, 
peaking at about 50 mseo., correlated with Inhibition 
of inhibitory units. The following reverse electrical 
shift up to about 100 mseo. was found to correspond 
to the activity of both excitatory and Inhibitory oells. 
In figures showing net activity the differential 
responses were less distinct but, in general, the EPs 
over time reflected summed responses of the individual 
neuron types. The surface EP was smoother and larger 
in amplitude. This might indicate that a one-to-one 
correspondence between individual neuronal activity is 
not maintained in the EP. This finding points out a 
primary problem in evaluating the EP. Differential 
dlstanoes of neurons from t&e electrode placement 
contaminate the EP and the assumption cannot be made 
that all oortioal cells involved in the total EB curve 
have equal weighting. It beoomes even more of a problem 
In scalp reoorded potentials because of folding of the 
brain and variability in plaoing the electrodes directly 
over the area of interest.

Pox & O'Brien (1965) found a close relationship 
between single cell firing and different components of 
the slow-wave potential. Spontaneous extracellular 
aotivlty over time also was found to be closely
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oorrelated. to neuronal firing (Fox & Norman, 1968). 
These data have been questioned by Freeman (1969) 
because of the possible contamination due to eleotrloal 
activity of cells surrounding the single units.

Vaughan (1969) has developed a "volumn-conduotion" 
theory In an attempt to specify cortical generators 
related to soalp activity. Creutzfeldt (1969) 
questioned the validity of such a model because It 
appears too simplified when one considers differential 
neuronal activity contained In the surface EP. Adey's 
(1967) "trlcompartmental" model of cerebral tissue 
fits more closely with Creutzfeldt*s position. It can 
be oonoluded that even when single units and surface 
EPs are recorded simultaneously, Interpretation of the 
EP Is no simple matter.

Hubei & Wlesel (1965) have added additional 
processing steps beyond the primary visual cortex 
(area 17) where blnooular cells were initially found and 
(Hubei & Wlesel, 1970) area 18 In the macaque monkey 
was proported to serve two funotlons related to bin- 
ooular vision. The two halves of the visual field 
are connected through this cortical area and disparity 
specific blnooular oells were found in area 18 rather 
than 17. Blakemore (1968) proposed a "master cell" 
notion In a neural disparity model. This unit, one
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for eaoh depth oolumn in the oortex, would signal 
disparity messages to other oortioal areas whioh would 
lead* presumably) to the stereoscopic experienoe.

There has not yet been single unit disparity 
deteotors and EPs reoorded simultaneously but this 
would appear to be one further step in determining the 
neural mechanisms of stereoscopic depth perception. 
Specific disparity units have been found in the visual 
cortex of both the cat and monkey EPs reported in this 
study and others (Fiorentini & Maffel, 1970; Regan & 
Spekreijse, 1970), exhibit differential forms as a 
function of disparity. Both types of neural activity 
were reoorded in the visual cortex. The primary visual 
cortex may only be a first oortioal processing point 
for stereopsis and it may not be the only neural path
way that leads to the perception of depth.

Sensory experience and corresponding EPs have been 
found whioh fail to show systematic changes as a function 
of stimulus parameters. Regan (1968) reported dis
crepancies between peroelved flioker and EP amplitude.
EPs deoreased in amplitude, as a general anesthetic 
is infused, while the sensory thresholds to eleotrlcal 
shook remained relatively oonstant (Clarke, Bulter, & 
Rosen, 1968).
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A more general problem concerns Information about 
the anatomloal looatlon and the physiologloal activity 
of "conscious perception" whioh Is presented unavail
able except in the arousal-sleep dimensions (Jouvet,
1967; Lindsley, i960). Shevrln & Fritzler (1968) 
reported low amplitude, but reliable, EPs to visual 
stimulation below threshold. In effect, this indicates 
that phyohophyslcal-physiologlcal comparisons may 
sometimes be made on the basis of data whioh, strickly 
speaking, are not direotly related. Gastaut, Begis, 
Lyagoubi, Mano, & Simon (Cobb & Morooufctl, 1967) re
corded Elfeat the ooclpital cortex to somatosensory and 
auditory stimulation. With our present knowledge one 
may or may not conclude that these subjects "saw" the 
current and the olloks. Another example of drawing 
Improper conclusions regarding eleotrophysiological 
response and perceptual experience makes a less ambig
uous oase. An eleotroretinogram may be reoorded at 
the eye. Does the person see?

Sensory experience and EP relationships have been 
found but integrating them into comprehensive theories 
has proven to be a challenging and somewhat perplexing 
task as oan be appreciated from the recent Neurosolences 
Research Program Work Session (MacKay, 1969). The 
participants— from single unit neurophysiology, to

!
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gross eleotrophysiology, to psychophysics— raised many 
questions which were left unanswered. For examplet 
what physlologloal classifications are meaningful?; 
how does oortioal folding effect the EP?; what are the 
relationships between EPs reoorded by different (e.g., 
bipolar vs. monopolar) techniques? Disousslons as 
to the status of methods, teohnlques, analysis, and 
especially attempts to Integrate findings from diverse 
areas into some meaningful principles were somewhat 
less than successful and actually rather disappointing.
It can be generally concluded that, at present, simple 
analysis has not been replaoed by more sophisticated 
methods and often the latter leads one Into complexities 
that are Irrelevant and away from an understanding 
of the basic data. Communication of results also tends 
to be inhibited.

In the context of previous work, the present study 
suggests that EPs reflect, or at least may indicate, 
some net electrloal activity about the recording site 
that may be traced to neuronal polarization and dlsoharge 
initiated in part, by external stimulations Electro- 
physlologloal activity associated with the highly re
fined perceptual function of stereopsis is shown in 
the early components of these evoked potential re
cordings. The question as to whether the critical
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component of the EPs corresponds to differential neural 
activity in groups of disparity specifio cortical units 
remains open.

Jung (1961) discussed twelve different parallels 
between neuronal activity and visual experience. Eleven 
of the twelve are what might be termed gross discrim
inations, i.e., diffuse illumination was the stimulus.
The twelfth parallel Involved stimulation around light- 
dark borders. Stereoscopic functioning falls into this 
highly refined spatial category, and is even more com
plex than border contrast beoause of the necessary 
binocular input and interaction. If the delicate spatial 
arrangement shown in psychophysical studies is main
tained at cortical levels (as has been shown in the 
visual cortex of the cat), the argument for specific 
disparity detectors— as contrasted to gross detectors, 
e.g., illumination— in the human brain is supported.
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CHAPTER X 
SUMMARY

The purpose of this study was two-fold. First, 
theoretioal formulations regarding the nature and 
definition of blnooular disparity were presented.
Seoond, the experimental portion reports results on 
the relationship between stereosoopio depth perception 
and the corresponding cortical eleotrophyslologlcal 
activity (evoked potentials reoorded from the scalp) 
in the human observer.

A comprehensive definition of disparity was 
discussed which is applicable to the total blnooular 
field. Employing stereograms as illustration, an 
argument was developed in an attempt to show that 
stereoscopic depth perception may take plaoe any part 
of the binocular field and Is possible in the absence 
of a binocular fixation point.

In the experimental part of the study a simple two- 
point binocular stimulus (the points separated by 1.5 
deg. of arc) was presented at a distance of one meter. 
Disparity was varied and psyohophysioally determined 
depth judgments were recorded for equality, dearly 
nearer, and clearly farther conditions. The angular
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unit between equality and nearer or farther was employed 
to construct seven functional disparity conditions.
Evoked potentials were then reoorded for each blnooular 
stimulus condition.

The major finding of the experimental portion of 
this study was the identification of a relatively early 
oomponent in the evoked potential which increased in 
latenoy as blnooular disparity increased. Since the 
disparity conditions were psychophysloally determined 
for each observer, i.e., they represented stereoscopic 
depth Judgments in terms of functional disparity, the 
evoked potential component found corresponded to peroelved 
stereopsls.

The meaning of scalp reoorded evoked potentials 
was discussed with reference to specific disparity 
detectors, reported in single oell studies, in the 
visual cortex of the cat. The change in latency of 
the critioal component of the visual evoked potential 
was interpreted as evidence that neuronal activity 
corresponding to stereopsls occurs in differential 
cortical locations for different perceived depth con
ditions.
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