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ABSTRACT

A STUDY OF RETINAL
INTENSITY GRADIENTS

by Richard F, Haines

Some previous glare-related studies have indicated that
a gradient of luminance exists in the Qisual field around an
intense glimilus (glare - stimulus). If substantiated, this
fact coulé'play an important part in furthering our understand-
ing of glare and related energistic conditions but littlé has
been done to quantify it, Further, most previous studies have
used peripherally placed glimuli, Little is known of the
effects produced by a foveally fixated glimulus, This then
was the‘primary task of the preaoht investigation. The effect

of glimlus lntensity and form were also studied.

An intense (3,968 lumen per steradian) photic source
was collimated, filtered (for intermediate glimulus intene
sities), and reflected into S's right eye by one of three dif-
ferent first surrﬁce mirrors. Circular, square, and triangular
shaped mirrors were used. Each had the same frontal area
(0.155 square inch) in order to equate total photic flux to
the eye and all subtended wholly foveal visual angles, A
small (0° 7' 12" diameter), moving (0° 5 30" per second),
luminous (0,8 lumen per steradian), "test spbt“ was used to

determine intensity gradients surrounding each glimlus
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Richard F. Haines

(mirror). A modified method of limits was used. Eight equally
spaced meridians around the entire 360o were studied.for the
circular and square glimlus and six for the triangular glim=.
ulus, A meridian was defined as the path of the moving test
spot in the frontal plane, The test spot moved bohinq'the glim-
ulus Qnd became "invisible” at.some point in its travel due to
the retinal effect produced by the glimulus., Pive oxperiencod;
male, volunteers acfed as observers. Experimental hypotheses

were formlated and tested.

Findings indicated that: (1) glimulus-produced retinal
illumination d;os have a measurable gradient using the present
experimental technique, and, depending upon its intensity,
this gradient of luminance gxtondl some distance beyond the
"ideal retinal image", (2) glimlus conditions produce an area
around the glimulus' boundary where neither brightness nor
motion perception is possible, (3) decreasing glimilus inten-
sity causes glimulus perceived shape to approach its physical
form, (l4) perceived shape does not always correspond to the
actual physical form of the glimulus, for instance, square and
triangular glimli, under high intensities, appear almost
round, and (5) response variance tends to be related to glim-
ulus intensity and unrelated to glimulus form and meridian,
Results tend to support an entoptic stray illumination theory

of glare.

In light of past and present findings it was concluded
that axiiting theories of glare are adequate, in part, but
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none explain the glare experience completely. Future appli-
cations for the present findipgs were found-in certain space
navigation and rendezvous operations. The present experimental
"variables” were shown to partially aimulate some of the visual
aspects of these operations, §uggestiona for 1mprovea'oxper1-
mental apparatus and design were made and a rather extensive

group of appendices included to supplement the text.,
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INTRCDUCTION

Man pfobably first experienced glare when he looked at or
near the sun. He most likely did not attempt to understand its
causes, he probably oniy wondered about its consequences; pain
if he looked long enough and an Intense afterimage that lasted
many minutes, He was unaware of the possible long-range ef-
fects df the sun's radiation upon his visual system and thus
he relled upon the experience of pain as a viewing guide for

intense photic sources.

In more modern times the phenomené of glére has increasing-
ly come under the questloning eye of scilentific methodology and
explanations have become important, Allport (1955, p. 11) feels
that, "understanding is what one gets as a result of adequate
explanation...To understand some phenomenon means, first, to
have avallable and to apprehend a generaliied description of 1t
and, second, to see that the generalization makes sense in terms
of the specific arrangements that are characteristic of the phen-
omenon." Thus in order to adequately understand the glare ex-
rerience we rmust first describe its anteceedent conditions and
associated physical relationships and then form a generalized

description of the phenomenon that 1s in harmony with our own

-1 -



experience.

The word glare as the man-on-the-street uses it éctually
differs very little from many scientist’s use of the word.
Any actual difference might lie In the extent to which one
group or the other specifies anteceedent condlitions, personal-
istic reactions, methods of producing it, and so on. The author
feels that those who choose to work on problems in perception
should continually reevaluate terminology so as to sift technical
from everyday usage., Their vodabulary should include a consis-
tent and unambiguous set of words with which to describe phenom-
ena, to theorize, and to exchange their ideas. It becomes
apparent rather quicklj that such a set of words 1s non-existent
in glare-related research. Thus part of the present dissertation
attempts to provide the reader with a logically consistent and
precise set of words with which he can understand the present

research and, hopefully, future‘research.

Two separate sets of distinctions will be made. Each set
underlies a basic assumption about the nature of sclentific en-
deavor held by the writer., Both distinctions are important.

Yhen ignored they appear to underlie a great many difficulties

In scientific endeavor., One word 1s often used for both cause

and effect, physical and physiological, stimulus and response.

In such a situation i1t is not difficult to understand how theories
can become "clogged" with‘their bwn refuse, how data interpre-
tation can become "unmanagable", and how subsequent .experimenta-
tion by others can take directions totally different from that

originally intended.
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The first distinctlion to be made 1s that there exists two
kirds of worids, the experiential and the energistic. This in-
terpretation has been made before (Partley, 1958, p. 20).
Within the experiential world lle such diverse phenomena as
emotions, sensations, perceptions, and the like, The psycholo-
glst, among others, deals with this kind of world. The person-
alistic (experiential) world is largely private, unattalnable
by others, except by appropriate transformations which can often
mask its real nature., This world 1s made public only at the

discretion of the person himself,

Man i1s a part of the physical world too, not separated
from it, "so the psychologist, in relating to his environment,
1s obliged to start with the consideration of man as an energy
system." (Ibid., p. 21) In doing so the psychologist utilizes

the tools, terminology, and concepts of the so-called "physical"
scientist. While doing this the psychologlist'!s interpretations
of certain personalistic responses are based, ultimately, upon
his own prior experiences., The exlistence of an experiential
domain suggests that man rust investigate himself and that he

look upon his own experiences as phenomena directly associated

with the energistic world.

The energistic domaln constitutes the second kind of world.
This wvorld of energy forms and transformations is also non-ex-
perienceable to the scientist. He merely describes its phenom-
ena in terms of his own prior experiences. This world differs
from the experiential in many ways, one of which is that it is

relatively stable, maintaining its most essential characteristics
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over time. To be sure, mutations occur biologically and valence
bonds alter mélecularly, etc., but under stable conditions, and
within present-day measurement techniques, basic characteristics
of matter appear to remain relatively unchanged over time,
whereas, the experlentlal Qorld is thought to be in an endlessly
changing flux, an ever moving panorama. However, it is the
distinction between these two worlds that is of interest. Many
words have been colned for use in one of these conceptualized
worlds but have sooner or later drifted into the other world,
creating some ambiguity and confusion. Such 1s the case with

the word glare,

In dealing with the topic of glare in general, almost
everyone feels qualified to describe it, discuss it, and to
offer helpful information about its causes and consequences,
Glare 1s a common experience....one that can be described simi-
larly by the majority of people on earth, Because of its.varied
use by beth layman and researcher alike it will be used here to

indicate only the personalistic experience produced by certain

£y

energistic conditions., It will not be used to label anteceedent
characteristics of the experimental situation nor will 1t be.
allowed to creep intoc ensuing discussions of past and present
research as a catchall. If in the past the word glare has been
a household word it probably must remain such but it is recog-

nized that rather strict limitations must be applied to its use

in the laboratory.

The second distinction to be made is that, just as with

many other words, glare has been used in several ways. The
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first use has been introduced already, namely as the experience.

It has also been used to describe and/or name those antecesdent
conditions causing both the experience of glare and a change in
perceived brightness of objects. Changes in perceived bright-
ness are taken as indications of tareshold changes. In these
cases glare 1s taken to mean some form of reduction in one's
ability to see clearly or at lgast as well as one normally

might under optimal conditions. Here the impingement condit-
ions are of major interest but are labelled as "glare" conditions.
Thus the word glare has been used as a modifying word, c.g.,
glare environment, glare conditions, etc., It is usually apparent
that the writer means "those characterlistics of the photic
environmment that produce an experlence of annoyance or dif-
ficulty in seeing". A review of this word's etymology illust-

rates this second use quite consistently.

e need to find a word for the second use of the term
glare and from then on to use it consistently. Vvhen viewing
conditions yleld a reduced ability to see clearly, a painful
sensation in the region of the eyes, a dazzling appearance in
the visual field, a raised visual thresliold, or an overlayed
veil of light, among other things, it 1s not glare that is pro-
ducing these things, they are the result of"ceftain enefgistic
characteristics of the photic environment. Glare is the re-
sultant experience and not the cause, It 1s proposed that the
term glimulus stand for "those stimulating characteristics of
the photic envirenment that produce a particular experiential

response which is commonly called glare and the energlistic
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conditions in and on the retina described below as impoverish-
ment." The word glimulus is made up of two words "glare" and
"stimulus". The word impingement was not adequate here because
it has gained considerable precedent (Bartley, 1958) in label-
ling the energy that strikes the sense organ but does not nec-
essarily yleld a detectable organismic response, The word
stimilus is typically used to stand for an effective impingement
in terms of eliciting some detectable organismic response. Thus
it seemed most logical to use a compounding of the two ﬁords
glare and stimilus (glimulus) for this use. It is acknowledged
that new compounded words in sclence often do not add as ruch as
they detract but no simple and concise term could be found to
1l1lustrate this particular use of the word glare., Now each can

be separated from the other} each will designate a separate idea.

A third use of the word glare involves a slightly differ-
ent kind of applicaf&on to speech than did the first two. VWhen
a person must view something spatially near a very intense .
rhotic source the photic flux entering the eyes causes an im-
poverishment in the abiliﬁy to see the object(s). This impov-
erishment is.sometimes erroneously called glare, An example
of this was put in the following way by Stiles and Crawford
(1937, p. 255), "when an exposed light source is present in
the field of view, the visibility of neighboring objects 1s
impaired owing to what may be called the glare effect of the
lizht source," Sﬁch reduced efficiency in seelng 1s thought
to be due to a combination of stray illumination falling on the

retina and processes of neural interaction yleldlng voor contrast
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borders between target and surround. Thus the word glare is
sometimes used where the above idea of impoverishment 1is meant
and a clear distinction between the two is lost., The word

impoverishment will be used to describe the state of the visual

image upon the retina 1n energistic and not perceptual terms.
Yhen the energistic impingements upon the retina yleld some

form of stray 11lumination or other condition(s) associated with
a reduced efficiency 1n seeing, one form of which 1s commonly
known as glare, the word impoverishment will be used. It must
be emphasized that a glimulus always lecads to some level of im-

poverishment,

Thus another set of disﬁinctions has had to be made; that
of different definitions for the varlous uses of the word glare,
The words glimulus, and impoverishment do not conflict with
terminology given in section three of the IES Lighting Handbook
(1947, pp. 3=1 to 3-1l;) dealing with "Standards, Nomenclature,

Abbreviations, and Symbols".

To workers in physiological optics and visual perception
the area of glare-reiated research cormonly brings to mind
several things of both historical and practical 1interest: (1)
attempts to differentiate different types of glare, and (2)
attempts to provide theoretical ezxplanations of the causes of
glare, Each of these toplcs is briefly discussed below while

a fuller treatment 1s included in Appendix I and IT respectively.

Bell, Troland, &nd Verhoeff (1922) devised three different

terms to separate various glare experiences; velllng glare, .
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dazzling glare, and blinding glare, It becomes apparent that
these three . "types of glare" actually represent individual glim-
ulus conditions which eventually result in the experiénce of
glare; or 1n the case of veiling glare, only impoverishment
occurs without the experlience of glare. Somé glinmulus condi-
tions produce more discomfort, annoyance, bother, or other dis-
ruption of vision than do others. The actual impoverishment

of the retinal image procduced by these glimulus condiglons leads
to various field appearances called blinding glare. Velling

and dazzling glare are likewise forms of unwanted photic flux

which are not part of the object viewed, but are produced by

stray illumination within the eye.

Several researchers have theorized about the causes of
glare, Two maln veins have been dug into the growing mound of
empirical research data. The first vein has stressed the ante-
ceedent aspects of the physiéal situation, 1.e., the glinulus
conditions., This theory has been called by various names: the
physical theory of glare, scatter thsory, or the entoptic stray
light theory. Those using this theory can predict, before hand,
many rarameters of potential glare-producing situations., The
second vein has remained buried in neuro-anatomical facts of the
retina that explain glare by means of Impulse conduction in sub-
retinal areas of the retina., This theory has been called the
physiological theory of glare or the neural inferaction theory.
Appendix III presents a rather detailed plcture of the anatomy
and physiology of the central human retina., INaterial in this

appendix is primarily related to the neural interaction theory
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(see Appendix II) and is also referred to in later discussions.

As can be seen in both Appendix I and II, the great maj-
ority of studies eventually become concerned with matters of a
theoretical nature., Most typically the question is asked, which
is the better causative explanation of glare? In light of
existing data 1t seems most realistic to accebt both theoriles in
part rather than support one theory alone or generate a third
new theory. The writer feels that most, if not all, existing
Information on hand pertaining to glare, supports this point
of view, It 1s becoming apgarent that both theories are at
least partially adequate although neither explain glare com-

pletely. (Crouch, 1955, p. 142) (Stiles, 1929).

Following 1is a summary of what 1s known about the major
effects of certain glimulus conditions. These studles bear
upon the present experiment in that they provide basic data for

research.

The most tréditional approach in investigating glare has
been to measure the effect of a glven glimulus condition In the
periphery of the {leld of view upon the visibility or apparent
brightnéss of an object at thé center of the fleld or fovesally
fixated. Thisg effect was then compared with the effect produced
by a veiling patch of 1light superimposed upon the object.
(Bartley and Fry, 1934) (Fry aﬁd Alpern, 1953b) (Fry and Alpern,
1955) (Holladay, 1927) (Le Grand, 1937) (Schouten and Ornstein,
1939) (Stiles, 1928b) (Stiles and Crawford, 193l) (Stiles and

Crawford, 1937).
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In the writer's estimation the study by Fry and Alpern
(1953b) 1s probably the best controlled and most recent example
of this type of experiment. In their study Fry and Alpern set
out to determine: Sl) if feeble velling lumlnance superimposed
on the image of a test dbject could produce a reduction in ap-
parent brightness commensurate with that produced by a glimulus
(peripheral), and (2) whether the effects obtained with periph-
eral glimuli could be sccounted for in terms of stray illumin-
ation produced by the glimulus and falling in the rezion of the

image of the test object.

By appropriate ménipulations of their apparatus a veiling
glimulus, having a diameter equal to 9.c%, was superimposed over
the test spot, its center falling at the fixation point. All
three were seen by S's right eye., S's left eye saw only the
fixation poiné and the comparison stimilus. The luminance of the
comparison stimulus was kept fixed while the luminance of the
test spot was varied 1n order to make it match the comparison
stimulus in brightness, Both the comparison stimulus and the
test spot were rectangular in shape with thé former 1lying
just above the filxation point and the latter below. One S made

five brightness matches per velling intensity.

Results indicated that increasing the intensity of the
veiling patch of luminance required that the test spot intensity
be 1Increased to match 1t in brightness. If the test spot and
comparison stirulus were already matched at the beginning and the
velling luminance increased, this cut down the percelved brightness

of the test spot in spite of the fact that it (tke vefling



< 11 -

luminance) added to the luminance of the test spot, and its lum-
inance had to be further supplemented to reestablish the match

with the fixed comparison stimulus.

Fry and .Alpern used a value called the "glare index" (V),
orizirated earlier by Schouten and Ornstein (1939); ag their
dependent variable in plotting results. Intensity of veiling
luminance, varying from minus one to clus four log units (foot
lamberts), was their inéependen£ variable, The glare index (V)

is defined as follows:
V= (By/ By-1) (1)

where: Ba = luminance of comparison stimulus

B, = 1lunminance of test object

These results generally agree Qith previous findings
(Folladay, 1927) (Luckiesh and Holladay, 1925) (Orbeli, 1G3L)
(Schouten and Ornstein, 1939) (Stiles, 1628b) that showed thkat
a pericherally placed glimulus causes a reduction in apparent

briritness of a foveal test otject.

In a - study entitled, "An indirect method for measuring
stray light within the humsn,eye", Bertley and Fry (193l) used
a disk and annulus as comparison stimulus and test spot. The,
peripheral glirulus was a 250 watt elcctric bulb, The dif-
ferential threshold tetween disk and annulus, under varicus
perirharal intensities, was determined. They found that as the
perirheral glimulus increased irn intensity the differential

threshold at the fovea increased. The amournt of stray 11lum-
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ination rapldly diminished for peripheral glimulus ancles (€)
out to 10° and from there on diminished only slightly.
(Ibid., p. 347) Hereafter the symbol € will be used to in-
dicate the_angular distance a given photic source is from the

line of fixatlon in degrees.

Bartley .and Fry's Ss reported seeing a bright halo sur-
rounding the glimulus with dim illumination filling the rest of

the visual field,

Referring to formula '(1); which is Schouten and Ornstein's
rlare index, it has been found that different values of this
index are obtaired for points equidlstant from thelfovea tut
along different retinal meridians...and that the fovea was af-
fected more by the surrounding retina than it affected the sur=-
rounds. (Schouten and Ornstein, 1939) These researchers ob-
tained a family of curves, each for a separate illumination
level of comparison stimulus and test object, in which retinal
sensitivity drop is plotted against €. A definite drop in
sensitivity was found with an increase in €& or an increase in

elevation of the glimulus sbove the line of sight.

Luckiesh and Folladay (1925, p. 223) found that definite
impoverishment due to a glimulus was also producible by a certain
"aquivalent veiling brightness”. The resultant effect is the
same as a superimpose; brightness approximately proportional to
the intensity of illumination E of the glimulus (originally

called dazzle licht) at the eye of the observer and approxi-

mately inversely as the square of angle ©. This glare
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practically ceases when the glimulus is more than 300 above
the line of sight. A graph of equal dazzle curves is portrayed

in Figure I, (after Luckiesh and Holladay, 1625).

| In an éarly study, Holladay (1926) studied botk glare and
visibillity. He used a ring which subtended 15° visual angle
and upon which he could systematically illuminate various fig-
ures. Within the ring was a glimulus (31.5 meter candles).
As the glimulus iﬁtehsity was Increased the figure = ring least
rerceptible brightness difference (j.n.d.) also increased.
The least perceptitle brightness difference was also found to
vary inversely with the square of tﬁe angle which the glimulus
makes with the line of sight and was almost 1lndependent of

brightness, size, type, or distance of the glimulus.

Holladay helped'esfablish a formula by which one can cal-
culate the effect produced by a small glimulus placed within the
‘field of viéw. It Qas named the “"equivalent background bright-
ness" formula., If a glimulus is placéd in the peripheral field
of view at €& degrees the effect at the fovea will be equivalent

to a velling patch of light having a luminance B in candles

v

per square foot, given by the following formula:

B, = K*Ex&™" (2)
whers: Bv = equivalent background brichtness
K = constant
E = illumination in a plane through the center

of the entrance pupil (foot candles)
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n = constant

# = angle of the glimulus from fixatlon line
(degrees)

The following constants were obtained for ranges of & as

noted.
Investigator ¢ © Range K n :
Crawford and Stiles (1935) 2° - 10° 11,50 2d
Tolladay (1926) 23° - 2g° ower %2
Stiles (1928b) 1% =302 L.16 1.5
<2
Figure I p«

Equal Dazzle Curves

EYE

LINE OF SIGHT

Le Grand (1957, p. 313) describes this formula in a slightly
different way., He points out that, "...it is as if the source
spreads over the fleld a luminous vell with a luminance J,

thls quantity being termed the equivalent luminance of the glare.
The analysis of the average results leads to the following

simple expression:

B = 10xExe™? (3)
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vhere: B = equlvalent luminance (candles per square
meter)
E = illuminance at S's eye (1lux)

€ = angle of the glimulus from fixation line
(degrees) v
Stiles and Crawford (1937) determined that formula (2)
may be used for values of £ bétween 5% and SOO if the factor

10 is replaced by 1€,

Ore of the bases of impovefishment is thought to be stray
11Jumination within the eye., All glimull produce some impover=-
ishment of the retinal image, thus 1t is important to determine
those energistic relationships existing between glimulus and
impoverishment in order to determine if impoverishment could
be the cause of glare. Both living and exéiséd eyeballs have
been investigated. (Bartley, 1641) (Rartley and Fry, 1934)
Bartley and Seibel, 19%4) (Boynton, Enoch, and Bush, 1954).

Such findings are typically portrayed as graphs of "stray light
in the eye as a function of €"., Figure II presents the findings
of Boyntoﬁ, Enoch, and Bush (19%l;) who measured the amount of
stray light 1n excised eyes of the csat, hpman, and steer, It
rmust he remembered that since exclsed eyeballs are incapable of
contributing to glare as an cxperience Figure II represents only
stray illumination within the eye. It 1is apparent that as £
increases the magnitude of stray 11lumination decreases, quite

rapidly at first but later tapering off,

An investigation by De Mott and Boynton (1958) attempted,

amon. other things, to compére physical measures of entoptic
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stray ligﬁt as a function of & with psyckhophysically obtainec
curves of brightness _as a function of ©. If the visual effects

of a2 climulus are solely dependent upon the stray light cast.on

2

Figure II

Entoptic Stray Illumination as

a Function of €

Ee = 111um1nat18n at sensor
when € > 07,

E = illuminatign at sensor
¢ vhen €= 0", '

AVERAGE OF
CAT, HUMAN AND
STEER .

0] 4 12 20 24
GLARE ANGLE © (DEGREES)

e rparticular area of the retina (fovea) one would expect the
curves of visual effect to be identical to the curves of measured
intensity. These researchers then combined data from Bo&nton
(1953), Le Grand (1937), and Holladay (1927), with their own
physically measured, entoptic stray light findings. “hen equated
at & = 100, all four curves were very similar to one another,
(see De Mott and Boynton, 1958, Fig. 9, p. 20). These sauthors

remark, "Perhaps the safest conclusion is that the retinal
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il1lumination, as indicated by psychophysical experiments, is:'sim-
ilar to that obtalned using excised eyes, and that stray light
could probably account for most of the psychorhysically measured

effects.” (Ibid., p. 22)

The uéual'way of studying glare has been the measurement
of equivalent background brightness, When one visualizes the
experimental techniqueAused one finds that S must flxate a test
spot with one eye and a comparison stimulus with the other. The
test spot is usually a glimulus shown directly into S's eye but
can be a reflected glimulus., In some experiments the glimulus
1s independent of the test spot. The experimenter systematically
varies intensitles and positions of the glimulus, test spot, and
comparison stimulus; S matches brightnesses seen in each eye,

A brightness match is assumed to provide an indication of the
amour.t of stray 111lumination falling in the region of the image
of the test spot., After a comprehensive review of the litera-
ture it 1is aprarent that relatively 1ittle has been done to
determine spatial and intensity characteristics produced by
glimuli that are foveally fixated. Formulas such as (2) and (3)
provide means of estimating the effects of peripherally placed
glimuli. Another study appears warranted which would establish

intensity gradients for a foveally fixated glimulus having d4dif-

ferent shapes,

In the followling discussions the term border refers to the
physical bounds of the object viewed; the term edge refers to
the perceived bounds. This distinction becomes necessary when

dealing with visual objects exhibiting different appearances
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depending upon 1llumination conditions,

Some evidence for the existence of an intensity gradient
(surrounding intense glimuli) has been obtained but the ma jority
of It is introspective rather than quantitative, Ono,gource
(Bartley and Fry, 1934, p. 347) indicated a, "dimly illuminated
field with a bright halo immediately surrounding the bright
object." Findings of a pilot study,(Haines, 1963) associated
with the présent study, obtained similar subjective phenomena,

In fact, several different field appearances were observed de- .

pending upon zlimulus Intensity and field position.,

A round glimulus, subtending just over 1° 30! visual
angle and having a luminance of 338 candles per square foot pro-
duced a ring of luminance conceritric with the edge. This field
appearance was definitely bfighter near the edge of the glim-
ulus than it was farther away. However, a thin dark area di-

rectly next to tho'boundary was observed,

It i1s known that the radiation forming the image of a glim-
ulus is not the only retinal illumination. Even when the visual
field surrounding =2 glimulus is unilluminatod the retiné sur-
rounding the image 1s i1lluminated by stray 11lumination from
many sources, Such scattered radiation is unfocused. Appendix

V includes a detailed account of the sourcss of entoptic scat-

tering,

A study entitled "the comparstive distribution of light
in the stimulus on the retina®, using excised rabbit eyes, was

performed by Bartlef.(1935). He used sources producing from
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34?2 to 2,750 candles per square-foot with a five mm, diameter
artificial pupil., The brightness of the image cast upon the
retina, as photometered through the eye-wall, varied from 9.5
to 78 candles rer square foot while the Intensity of the sur-
rounding retina varied from 0,266 to 2.12 candles per square
foot, He found that stray 1llumination outside of the 1lmage

is a fraction of that within the image. Looking for relation=-
ships between retinal image intensit& and retinal surround in-
tensity Bartley apparently did not investigate the quantitative
aspécts of an Intensity gradient extending out from the edge of

the retinal image In different meridilans,

Bartley and Seibel (1954) based thelr study upon the re-
sults of & previous study by Bartley (1935) that showed that
stray illumination from the Iimage of a target was proportional
to the 1ntensity and area of the target!s image producing it
They sought, by a flicker method, to determine the intensity of
stray 1l1lumination cast at various distances from the image of
a target for targets having various intensities and areas, It
was reasoned that since the target is producing the stray illum-
ination there should be an orderly relationship between target
critical flicker frequency (c.f.f.) and field c.f.f., that is,
c.f.f, at various points outside the image of the target. Targets
ranged in size from 61!' ¢to _31o 1! visual angle and 1n‘1nten-
sity from 0,0001 to 100 caﬁdles per square foot., Each curve
that was obtained 1llustrated an increased c.f.f. with increased
target intensity. Each curve also illustrated an orderly re-

lation between the target c.f.f. and field c.f.f. lending
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support to the assumption that the target 1image produces the

entoptic stray illumination,

The preceeding studles appear to provide sound basis for
the appearances of the field surrounding the glimulus and yield
certain quantitative measures of the brightness gradient invol-
ved, It was felt that more information should be obtained about
this gradient. A An experimental design was developed which
combined proven psychophysical technique with known neuro-
anatomical relationships in such a way that more information
could be obtained regarding the quantitative aspects of the

retinal gradient and upon the theoretical bases of glare,

Since its first formulation, the present study was founded

upon the possible existence of a measurable intensity gradient

surrounding a given glimulus. Since previous studies (Bartley
and Fry, 1934) (Di Francia and Ronchi, 1952) (Haines, 1963)
(Roaf, 1932) had found evidence for a gradient of luminapco sur-
founding a glimulus it was reasoned that, "if an intense photic

source could be imaged wholly upon the fovea centralis, where

there few, 1f any, horizontal neural connections (see Appendix
ITI) and a diffuse veil of luminance still exists around the

. &limulus! boundary then the glare experience must have a com-
ponent due to entoptic stray illumination,..for how else could
the impreééion of a (perceived) luminous veil originato without
some means of stimulating the retinal receptors around the glim-
ulus!' retinal image?" This then was the theoretical basis upon
which the present study was founded. The present approach 1is

somewhat similar to that used by Bartley (1941) and Schouten
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and Ornstein (1939); namely, that if the photic source's image
occupies an area of the retina Incapable of yielding certain
neural impulses and glare 1s experienced then at least some
component must be due to scattering of the photic flux over

surrounding receptors,

The next question to be answered was, "how is this grad-
ient to be measured?" A perimetry method, somewhat similar to
that used by Luckiesh and Guth (1949) was devised. The exact

method 1s presented in the following section,

Regafding the measurement of retinal glare intensity
gradlients, several specific experimental hypotheses were for-
mulated, Inclusion of testable hypotheseé formed an orderly

framework upon which exporimeﬁtation could be performed. These

hypothesess are presented below:

1. A glirmulus will produce retinal i{llumination that
extends some distance from the ragion of the "idesal
Image" and under given conditions will have a physi-

celly r.easurable boundary.

2. The perceived shape of the glimulus should be gen-
erally isomorphic with the physical form of the

glinulus,

3. Generally speaking, a glimulus should cause a larger
area around the edge of the glimulus to exist where
bripltness and motiocn perception will be impossible

thar will a non-glirulus,



- 22 -

Lo Decreasing glimalus intensity will cause the per-
ceived shape to approach the physical form of the

particular glimilus wsed,

Se The statistical variance will be larger for emerging
trials, i,8., when the test spot reappears, than
for entering trials, i,es., vhen the test spot dis-

eppears,

The fifth hypothesis refers to findings related to the
methodology of the present study. Fach of these hypotheses can
be tested by the same basic experimental apparatus and design.
Two separate experiments will b; descrited, each usinrg the
same general psycho-rhysical technique but slightly different

apparatus,

Information to he gained from the present study appears
to be of importance on other than theoretical grounds. Some
practical appllications for these findings will be pointed out

later in the paper,



METHOD

Aggaratus

The apparatus can best bte descrited by examining it in
three sections: (1) the photic (glimulus) source (P.G.S.),
(2) the secondary (glimulus) source (S.G.S.), and (3) the

movirg test spot (M.T.S.).

'The photic source for producing glare in experiment One
was an eight volt D.C., 50 watt,.electric bulb (Fhilips, Type
13113 C/0L) operated at a constant 6 volts. Its focal length
was 13 inches. For experiment Two the photic source was a 110
volt A.C., 1,000 watt, projector lamp (Ken-Rad, Model DFT,

T12C13D). Each of these sources was enclosed in the same light-

11
/1¢ ©of
1

an inch behind a metal plate having a 3 inch diameter Lcle

tight box and positioned so that thelr fillaments were

threcugh which they shown., The first photfc source produced a
luminance of 32 1lumen per steradian (t 1 lumen per steradian);
the second source produced a luminance of 3,968 lumen per ster-
adian (¥'l; lumen per steradian), ‘

The secondary élimulus (S.G.S.) was one of three different

first surface mirrors, Exact dimensions are given in Figure IIT,

-23 -
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Figure III -

\

Secondary Glimulus Dimensions

Form Dimension

Diameter = O0.44L"

Thickness = 0,083"
1"
= o.394" (& 0000
+ 0. "
Thic%ness = o.040" (I 8.885" )

' 1
Base Length = 0,598 (¥ 0.000

- 0.,001"
N _ + . "
Apex Height = 0.519" (* 8.382“ )
Thickness = 0.040"

Note: All forms had a frontal area = 0,155 square inches
(¥ 0.002" )
Each mirror's front surface was fine ground, aluminized, and
S;0 overcoated. All borders were backbevelled 10° from the

first surface.

These mirrors'were used individually and were situated so
that the glirulus'! ray from P.G.S. was reflescted into S's right
eye. The.angle of incidence and reflectance was 130 and is in-
dicated by the symbol & in Figure IV which 1s a schematic dia-
~ram of the apparatu;. Each mirror was held in place by means
of a metal rod sttached to a ring stand. Tne triangular and.

square mirror's flat border was positioned horizontally as il=-

lustrated in Figure III above.
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Figure IV

Schematic Diagram of Apparatus

2
3 |
4 -
-
-

W\ S <z _To__eLARE__ BRAY_ 'S

A\

o 6l| "8

The following numbered descriptions apply to the numbered
parts in Figure IV. (1) the photic source described on the
previous page. (2) the metal plate through which (1) shown.
The dashed line in Figure IV indicates the path of the glim-
ulus' ray. (3) neutral density filters used to control P.G.S.
intensity. All filters were placed normal to the ray. Exper-
iment One used only a 0.l log filter. Experiment Two used the
following Kodak Wratten neutral density filters: 0.10 log,
0.40 log, 0.50 log, 0.80 log, 1.00 log, 1.40 log, 1.80 log,
and 2,00 log. () a two and three-quarter inch diameter col-

limating lens used both to reduce stray illumination in the
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room and to utilize as much of the photic ernergy as possible.
(5) the secondary source described in Fipure III, The front
surface of all $.G.S. were placed 153 inches from S's anter-
lor correal surface., Thus a visual angle of no more than 1°
50' was ever subtended by the largest dimension of any S.G.S.
(6) an electric shutter operated by electronic timer to control
inter-viewing interval. (7) the artificial pupil plate, Dif-
ferent artificial pupil diameters were 1nves£igated in a pilot
study associated with the preéent study as well as by other
investigzators (Adler, 1950, p. 6L4) (O'Brien and Miller, 1953,
p. 10). On the basis of thcse‘findings a 33 mm. diameter pupil
was used, This provided a 101° dilameter visual field., Other
sources cite additional reasons for using an artificial pupil.
rather than-the natural pupil (Bartley and Fry, 1934) (Fry and
Alpern, 1953a, p. 65). This stainless steel plate (7) was po-
sitioned nbrmal to the 1line of sight and was situated directly
in the center of the natural pupil. (8) S's right eye, sitvated
approximately 1.02 inches behind the front surface of the pupil
plate, By using a horizontally and vertically ad justable biting
board each S was assured an unchangling viewing position. S was
prevented from seelng any light except that entering the
artificial pupil.

The third and final section of the apparatus to be desc-
ribed is the moving test spot (M.T.S.). It is represented as
(S) in Pigure IV, The M.T.S. was a 15 watt, 120 volt A.C.,
electric bulb, frosted white, within a light-tight enclosure,

The enclosure was mounted on an eight-foot long track represented
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as (10), The M.T.S. was controllable for velocity and direction
of travel along the track; this travel always being in the
frontal plane. The enclosure had a i inch diameter hole facing
Sts line of sight. At the. standard viewlng distance it was

seen as a very small circle of dim light (0° 7' 12")., The

M.T.S. luminance equalled 0.8 lumen per steradian,

The track upon which the M.T.S. travelled was supported
at its middle by a stand which allowed it to rotate a full 360°,
Referring to Figure IV, the S.G.S.'s center was on a line be-
tween S's eys (8) and the center of rotation of track (10), In
this way any particular meridian could be Investigated according
to standard perimetric procedure., Thus when the track was
fixed in a given meridlan, the M.T.S. was first set into motion
down the track and then back again, constituting two "directiors"
per meridian., These directions were designated by the nﬁmber
of degrees from vertical (0°), clockwise, the M.T.S. was travel-
ling. Thus when the track was set vertically and the M.T.S.
travelled upward the direction was designated as 0° and down as
180°. When set horizontally and the M.T.S. was travelling to
the right it was designated as 90° and to the left as 270°, etc.

A M,T.S. velocity of 0° 1 30" per second was chosen on
the basis of previous studies {Aubert, 1886) (Bourdon, 1902)
(Brown, 1931) (Grim, 1910) which indicated this to be supra-

throshoid for these viewling conditioms.,

A fixed millimeter scale on the track plus a pointer at-

tached to the light enclosure made it posslible to note where



- 28 -

the M.T.S. was stopped in 1its travel along the track. This
position was read to 3 mm. accuracy. This corresponds to a vis-
ual angle of 35,1" at S's.eye. Parallax errors in reading this

setting were minimized,

Because retinal adaptation is such a crucial factor under
intense glimulus conditions it was necessarylto control viewing
time and between-viewing time preciéely. This was accompliéhed
by using an interval timer actuating an electric shutfer at the
front of the artificial pupil (6). It was not assumed that a
combletely steady'state of retinal adaptation would occur during
any series of observations because of the relatively short
lengths of light and dark (viewing -not viewing) periods. The
retina was assumed to be in a continually alternating state of
light or dark adaptation; light adapting when S viewed the glim-
ulus and dark adapting when the shutter was closed., The viewing
intervallfor experiment One was.33 rer cent of the total trial
time (30 seconds) or 9.9 seconds and 42 per cent of the total
trial time or 12.6 seconds for experiment Two. Several sources
(Bartley, 1962, p. 941) (Hecht,‘1922) (Woodworth and Schlosbérg,
1958, p. 369) (Wright, 1934) indicate that light adaptation is
almost comrleted, for the present initial intenslity levels, with-
in 60 s2conds and levels off rciatively fast thereafter; dark
adaptatibn i1s characterized by a slower decelerating curve,
Under the light = dark - light (etc.) conditions used here the
resultant adasptations weuld most 1lk~ly deséribe a jagged, neg-
atlvely accelerating curve simllar to that portrayed in

(Bartley, 1962, Fig. 13, pe. 941). It 1s conceivable that the
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states of retinal adantation to the dark period of 20.1 seconds,
(experiment One) as compared to the light period of 9.9 seconds,
will reach an asymptotic level after at least 5 or 6 light -

dark trials,

“hern ons visualizes thes movement of the M.T.S. for any
civen direction of travel it 1s clesar that when the S.G.S. (mir=-
ror) is positioned directly in the 11nerf sight and the M.T.S.
is within a certaln range of positions on the track behind the
S.G.5. the M.T.S. will be in view until it passes behind the
S.G.S. completely, Such a position is called "disappearance",
Again, after some distance of travel behind the S.G.S. the M.T.S.
vould again "reappear® for the remainder of 1its journey along
the track. The terms "covered" and "uncovered" will be used
to denots the exact point on the track when the M.T.S. passes
completely behind or emarged completely from behind the partic-

B
.

ular S,.G.S.

Exrerimental Design and Frocadures

In both experiments the variable of major interest was
the affasct of a foveally fixated intense photle source upon the
determinaction of the 5.G.S.'s edge, or put another way, the
anility of different shared ¢limuli *to yield apparent bright-
n=ss gradlents, The lozical way of determining this was to com=-
pares the effects of high glimulus inteunsity, zero glimulus in-
tensity, andlinter%ediate glirmlus intensities upon the

derendent variable (M.T.S. setting),
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In the first oxpgrimont to be reported two oﬁhor variables
of intereit were meridian and dirootlon.gg'ggg!gl of the M.T.S.
S3ix meridians were studied for the triangular 3.G.3. and eight
for both the lquafo and circular 8.G.S. Each meridian was sep-
‘aratod by 60° around the 360o possible for the triangular
S.G.S. and by 4S° around the 360° possible for the other
tvo 3.G.S. forms. Two directions of M.T.3, movement per merid-
ian were also studied. Thus each S underwent the following
testing conditions for the first experiment: kl) eight
meridisns (six meridians for the triangular form), (2) two
directions of M.T.S. movement per meridian, (3) twelve "dis-
 appearing” trials per direstion, () twelve “appearing® trials
per direction, (S) three glimulus intensity conditions, (a)
full intensity = 32 iu-on per ltiradian, (b) 0.4 log intensity
= 12 lumen per steradian, and (¢) sero intensity = unillumin-
ated 3.3.S., and (6) three S.G.3. forms. In addition to these
conditions the auﬁhoé, as S, repeated oxporinont One in its
entirety. Resul$s are labelled Series One and Series Two res-

pectively.

The rationale upon which experiment Two was based was that
if relatively consistent findings were dbtcinod for all merid-
ians and S.G.S. forms in experiment One, a single meridian and
form could be investigated under a wider range of 1nt‘nnitio.
in experiment Two. Thus in experiment Two, only one meridian
(0°), two directions (IN and OUT), one S.G.S. form (square),
and nine intensities were studied. The specifie intensities
were as follows: full intensity (gzero log) = 4248.72, 0.10

Al
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log = 3398.97; 0.40 log = 1699.48; 0.50 log = 1359.59; 0.80
log = 679.79; 1.00 log = 424.87; 1.40 log = 169.94; 1.80
log = 67.973 2.00 log = L12.48 foot lamberts.

The above conditions amounted to a total of 576 observa.
tions per S for experiment Ome and 21,0 per S for experiment Two.
In experiment One limitations of the apparatus required that
six ome direction presentations be givea under a given intensity,
six more under the second intensity, and six more under the
third intensity, then the direction of travel was reversed 180o
and the entire procedure repeated. Illumimance level (S.G.S.)
erder of prooontation wvas randomised, thus S might observe full
intensity first, sero iutoﬁlity second, and 0.4 log intensity
last. When another meridian was studied a.pew order was used.
Order of meridian presentation was likewise randomised. Six
minutes was allowed for dark adaptation after every fhll and
O.44 log 11luminance condition. S typically observed mo more
than two meridians per setting or a total of ;kh observations.

The procedure used was similar for beth experiments and
was as follows. S was fitted to the wax bitimg board and made
comfortable in the seat. The M.T.S. was begun at a point a$
least 3° beyond the calculated border of the particular S.G.S.
being studied. It travelled toward the S.G.S.'s border at a
censtant velecity. A button, upen which 8 rested his right
ferefinger, could immediately step the M.T.S. Af pressed. VWhen
S ebserved the M.T.S. pass completely ocut of sight (disappear)
behind the S.G.S. he immediately pressed the button. The scale
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reading was recorded and E caused the M.T.S. to continue its
travel behind the 3.G.S. and then inte view (reappear), at
which time S again pressed the button. This scale reading was
recorded and the M.T.S. reset for five more presentations in the

same directien and meridian.

The directions given to each S are presented in Appendix
IV, Te S the S.G.S. appeared as a small hlghly specular surface.
When S rirctvrlxatod on its center slight pain sensations were
sometimes felt; they quickly disappeared. S was told again, 1if
necessary, to fixate on the center of the S.G.S.'s surface., If
S's fixation wavered more than 50' vinuni angle he was told to
tell E who did not record that presentatieam-but repeated it
later. (Note: 50" visual angle corresponds to appreximately
_ eme=half the widest dimension of any S.G.S. uged)., It was
found frem a pilot study, as well as by O'Brien and Miller
(1953, pp. 32, 40) that, "A skilled ebserver ean fixate the
coenter of a LS' eirecle quite aecﬁrltoly,-nlthough not with the
precision with which he might fixate a small cross or other
fine detail.” For experiment Two, a fime cross-hair reticle
was politionéd between S's eye and the center of the S.G.S.
This deviee helped provide stadble fixation,

Sub jects

Five sudbjects were used in the present research, Table I
presents relevant information 6oneorn1ng each. Subjects in
experiment Two were voluanteers frem an advanced experimental

psycholegy class with 20320 visien as noted b;lou.



Table I

Experimental Sub jects

Name Age Vision Prior Experience
- Experiment One - :
Moderate amount
Thomas Snyder 25 20:20 corrected for general vis-
ual phenemenen,
non in glare ex-
perimentatien.
Richard Haines 27 20:20 eerrected Highly trained
in glare-related
ebservatien.
« Experiment Two -
Undergraduate
Rebert Nettleman 25 20320 un- student 1in psy-
corrected cholegy. Little

Bruce Marecucel 21 20:20 corroctid

John Mullen 23 20:20 un-

corrected

Richard Haines 27 20320 ecorrected

prier experience.

Undergraduate
student in psy-
chology. Little
prior experience.

Undergraduate
studeat in pre-
medicine. No
prior exper-
ience.

Highly trained
in ebserving
glimulus comdi-
tions.

1l1lumination at desk-tep distance.

Miscellaneocus Experimental Comditions

The experimental room was dark except for one 60 watt,

red, overhead, lamp providing approximately 0.8 foot candles

This was enough illumination
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to record data and safely move about the room. Room temperature
during testing was held constant at about 80° P. The room's
noise level was low at all times,. An electric coeling fan fer

the P.G.S., within the light-tight box, helped mask most soft

noises.



RESULTS

The results ebtained frem this study are mest easily
understeod when associated with‘onch of the experimental hypo-

theses.

Hypethesis One

The first hypothesis was that, "A gliiﬁlun will produce
1lluminatien that extends some distance from the regien of the
“1deal image” and umder given conditions will have a physically
meagurable boundary.” The glimulus' retinal fllumimation will
be larger than the glimmulus' r;tinnl image. The difference be-
tween these two is what was measured. The procedure used to
test this hypothesis was to plot the glimulus imtensity gradient
surrounding a given S.G.S. form by the perimetrie method des-
eribed provi¢u.1y. Referring to Figures V through XI it is
apparent that ﬁho perceived edge of the glimulus was larger
than its physical boundary. Tables II through VIII present the
size of this difference for each meridian studied and for the
three forms respectively. Statistical significance betweea the
two glimulus intensities and sero intensity are indiecated as
asterisk(s). It will be moted that the S.G.S.'s boundary 1is

e 35 -
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Figure V .
Intensity Gradients for a
Cireular Glimulus under Twe
Glimulus Intensities
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Table II

Differences between Boundary and Edge
for a Circular Glimulus under Twe
Glimulus Intensities

Series One
Meridian (A)  Visual Angle (B) 1
0. log Intensity Mall Intensity
0° 10! 3.3" # 15¢ 25 uﬂ';
u59 s 39.§' e 11 »
90 0.6% » 10! 16.7"
135° u' 6.1 8! 41" »




Table II eontinued

1802 5" 33.9" & 13¢ 8‘ .
2259 7! AR T T
270, E' 13.2" # 91 33.4%
315 ' B1.2% » | 11 2,1" »
Mean - kﬂ s 30,.8" 11¢ 35.6"

# Significant above P = ,005
#%* Signifiecant above P = .05

Figure VI

Intensity Gradients for a Circular Glimulus
under Two Glimulus Intensities
Series Two

X -« X distanceg =
1° 33' 13.3"
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\
\
\
|
]
|
i ,
/
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Intermediate
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log)

Zero Intensity S
Boundary : ’
Full Intensity Bdge
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Table IIX

Differences bitwoon'ﬁéundary and Edge
for a Circular Glimulus under Two
' Glimulus Intensities

Series Two
‘Meridian (4) Visual Angle (B)
0.4 log Im:enaitykr Full Intensity ,
0® 6" 2.3% 20" 35.9
450 7° 6.1" 13¢ 16.5%
90 9 38.3" 12¢ 69.2'
1350 61 9.1" 12¢ 0"
180 1 55.0" 13! 0"
2259 St 4" 121 26.6"
270 3¢ 0" 13 8.0"
315° 2¢ 26,2" 20" 33.0"
Mean 6! 31.1" 4t 29.5"
Figure VII

Intensity Gradient for a Cireular
Glismlus under Ome Glimulus Intensity
(Sudb jeet T.S.)

~ Zero
Intenaity
‘Boundary
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Table IV

Difference between Boundary and Edge
for a Circular Glimulus under Ome
Glimulus Intensity

(Sub ject T.S.)

Meridian (A) Visual Amgle 1
. 0° 6! 9"

152 12° 515.6' |

90° 20" 28.1"

135° 23" 20.9"

1go° 15°¢ 0.5"

5353 1u: §g°5:

31s° 1*  39.3"
Mean ' 16° 25.4"
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Figure VIII

Intensity Gradients for a Square Glimulus
under Two Glimulus Intensities

Series Ome r——“ .T.8.
~~
L

Zero Imtemsity )
Boundary ] ,

Intermediate
Intensity
Boundary

Puil Intensi
Eage

Table V

Differences between Boundary and Edge
for a Square Glimulus under Two
Glisulus Intemsities

Series One

Meridian|  (A) Visual Angle  (B)
0.4 log Imtensity Full Intensity
- 0° o 16.3" 8¢ - 59.2%
e | B oaE | p
1350 ©gr 51,5 T
180 ' 37.6" 11 7.8"
zzs; ' Ey A anye 9.,2"
270, 3! 59.7% 9! 22.4"
315 9! 49.1% p UYL 18.3*
Mean A 36.6"%. 10°* 31.2"
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Pigure IX
Intensity Gradients for a Square Glimulus

under Two Glimulus Intensities
Series Two

Crem.T.8.

Zero Intensity

Boundary A\;{I\
Intermediate N
In;;naity e
' —H1-270 K 90
Full Intensity _/4
Edge

=

' | X= Xdistance =
28 180 " 138

1° 271 36"

Table VI

Differences between Boundary and Edge
for a Square Glimulus under Two
Glizmulus Intensities
Series Two

Meridian | (A)  Visual Angle (B)
0.4 log Intensity | Full Intensity
0° ' 2.1" ’ 0" u
hS: 2. 26,0%#% g' Sg.l' »
90 24 0.1% I 38.4" w
135° ! 38,4 7! Sl »
1go° 2! 17.7" 60 29 4" ==
2253 60 17.5"s 9! 28.0" »
I I ol O
Mean 3¢ 29.5" jr 6! 35.8"

» Sigmifieant above P = 005
#* 31gmifieant above P = .05
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Pigure X

Intensity Gradients fer a Triangular Glimulus
under Two Glimmlus Intemsities

Series Ome '
: Zero Intensity
Boundary
Intermediate
P Intensity Edge
/
/ Full Intemsity
/ \/— Bdge

{C\—..'I’.SI.

L}

\
\ \. X=X Distanee =

T e e e e a e s e s an oo o o b'-------—-----

Table VII

Differences between Boundary and Bdge
for a Triangular Glimmlus under Twe

Glimulus Intensities

Series Ome

Meridian (A) Visual Angle (B)
' O.4 leg Intensity Full Intensity
° ' . 6 8.3"
g 5 58 | § %%
1207 6! ss.u' 10" 87"
180 | 3 1% g 15.7"
3'50’ 6 .2" 13¢ 3E 8"
Mean 59 31.0° 9 22,2"
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Pigure XI
Intensity Gradients for a 'l'éiangnlar Glimulus

under Two Glimulus Intensities
Series Two

4
Intermediate / Zero Intensity

Intensity Edge V Boundary
/

0 .
/
Full Intensit . ,’/ : M.T.S.
. Bdge .
N \ o
//A) N - _
/ 300 60 \ X=X -
/ > 10 320 S7oae
,/// ‘ \\
/) 240 180 120 \ \
/ X > \
L T Ty L T Y oy

Tadble VIII

Differences between Boundary and Edge
for a Triangular Glimulus under Two
Glizulus Intensities

Series Two
Meridian (A) ° Visual Amgle (B)
, O.4 log Intensity Full Intensity
0o 59 31.1" #» 70 L8.2" #w
609 7! 39,7" =» T 37.3- »
120, 9! T 7" » 10¢ 17.6% #
180 3¢ 37.2" '2' 53.1" #e
240 6 2l;.0% un ' 56,2% %
300° ! 47.6" == 8' 50,0"
Mean L 33.7" 7° h3.7"

# Sigunificant above P = ,01
## Significant above P = 0S5
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represented as a so0lid line and its pereeived edge as dashed
lines in Pigures V through XI.

These findings illustrate that, for all meridians studied,
a roughly eeneentrie gradient plot was measurable using this
teshnique. The small eirele near each figure 1llustrates the
relative sisze of the M.T.S. FMull intensity conditions produced
roughly twice the visual angle between boundary and edge as did
the 0.4 leg intemsity, This was the case for almost every form
studied. In visual terms this iiana that a larger area sur-
rounding the glimulus is prodused under full intensity than
under a lesser intensity (where the presemt test spot was in-
visible), Table IX presents a summary of differences obtained
for all glimulus forms for subject R.P.H, only..
Table IX
Summary of Veetoral Differences
between Boundary and Edge for

all Glimulus Porms
(Sub jeect R.P.H,)

Glimulus PForm N Visual Angle
0.4 log Intensity | Pull Intensity
Circle (Series Ome)| 96 Gt 30.8" 11 35.6“
(Series Two)| 96 6* 31.1" 1  29,5"
Square (Series Ome)| 96 L4 36.6° 10* 31,.2"
(Series Two)| 96 3 29.5% . 6" 35.,8%

Triangle

(801'19’ Ono) 72 5' 3100. 9t 2202.
(Series Two)| 72 L 33.7" 7' L43.7"
Grand Mean |88 st 29,.5" 9* 30,8"
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The above values (Table IX) represent visual angles averaged
across meridians, and for the grand mean, across glimulus forus.

Interpretations using these values should talke this into aceount.

Tables II through VIII provide a mean value beneath each
intensity studied., These means are caleulated across &ll mer-
idians and are based upen 288 observations each, 1l IN and
14l our,

It 1s apparent that in experiment Ome, at the point of
disappearance (congod) or reappearanse (uncovered), the
S8.G.3. appeared to have some shape, 1.0., straight surfaece,
curved surface, 90° corner, or 60° eerner. An analysis was
performed upen the data to determine the effect each 4of these
shapes had upon M.T.S. uttlngiunder various intensity ocone-
ditions, Raw data from each of the appropriate points of
"covered” or "uncovered” were caloulated across 2ll glimulus
forms and all meridians (when more than one meridian centri-
buted to the caleculation), The magnitude of these boundary -
edge visual angles is portrayed in Table X. Column A presents
visual angles for full intensity - zero intensity conditions
vhile colusm B presents visual angles for 0.4 log intensity -
gero intensity cenditions. Numbers in parentheses after boundary
form name indicate the number of sets of six IN amd six OUT
trials each 1s based upon., In order to make the findiwgs in
Table X more meaningful they are presented in graphic form in
Pigure XII, Shaded figures represent the S.G.S.'s surface., It
will be noted that the two broken (corner) beundary forms (90°
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Table X

Effects Produced by Different Boundary
Forms upon Boundary - Edge Deter-

mination,
Boundary PForm - Visual Angle (minutes & seconds)
A B
Curved (16) 12' 29.3" 61 26,8"
90° (8) 8¢ 26,7 | s 36,1"
60° (6) 8' 35,7 | 6 k1.1"
Straight (14).] 7'  33.8" 3¢ 31.8"

and 60°) tend te yleld full intensity and 0.l log intensity
gradients close to one another, On the ofhor hand, the straight
and curved, non-broken, boundary forms yio’].dlo'.h. log intensity
gradients roughly half the distance to the full intensity grad-
ients. ’

PFigure XII

Graphie Illustration of
data from Table X

Full Intensity

— O.li log Inten=
sity

SN == AL/
//M\ T % %‘?\

Curved " Straight 90° 60°

From S's standpoiat the data portrayed in Pigure XII 1l-
lustrates that under these intensity eonditions the M.T.3. dis-

appears and reappears at differemt distances from the S.G.S.'s
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boundary for curved and affaight.bgunnary forms but close to
the ssme distances for 90° and 60° corner boundary forms,
It does not seem unwarranted to prediet that as corner angles
g‘t smaller (approaching about 5°) the full inton-ity gradient
and 0.} log intemsity gradient will coineide.

Hypothesis Two

The second hypothesis states that, "glimmlus perceived
shape will generally be isomorphic with its physical form.” It
must be pointed out that although this hypothesis socunds rather
obvious, te the writer'!s knowledge, no prodiao data has been
collected ocacoining it.

Referring again to Figures V through XI it is apparent that
a1l of the intensity gradients obtaino¢ appeared to be roughly
coneentric with the S.G.S.'s boundary. Ss typically reported
seeing an intense central area, which was the S.G.S., surrounded
by a gradually decreasing field intensity with increased dis-
tance normal to the S.G.S.'s boundary. The shape of the central
area seen was usually the same as the actual form, i.,e¢., square,
circular, er triangular, but a few times S reported either an
undulating central .area or an amorphous, ill-defined area., The
shape of the luminous field produced by a particular glimulus

form was digforont from vhat one might expeet in several cases.

The luminous field surrounding the cirénlar glimulus form
was concentric with the form out te the limits of the field of
vision., This fact is portrayed in Figures V and VI, Data from
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Sub ject T.S. (Figure VII) oxhibited a great deal of variability.
He repeatedly remarked of eye strain, toarj, and involnntiry
blinking. Nomeconcemtric results such as this were imcluded as
an example of the kinds of deviations one might obtain in this

type of research,

For the square and triangular glimulus ferms the imtensity
gradients did not fellew the S.G.S.'s boundary as closely. For

the square form the full intensity edge (Pigures VIII and IX)
often "filled ocut” at the straight sides to form a rounded square.
Similar findings woip obtained for the triangular ferm (Figures

X and XI). It is noted that the 0.l log intensity prodused an
intermediate ameunt of "filling out®” for all glimulus forms
studied., In gemeral then, the porooivod lh.pi of a glimlus

will largely depemd upon its physical form rather tham its in-
tensity, however, a striet 1l:l corroapondonci is not necessarily

found,

Hypothesis Three

Hypothesis three states that, “generally speaking, glim-
ulus conditiens should cause a larger area of space around the
boundary of the glimulus to become unusabdble (or-brightnoal and
metion porcoption than a non-glimulus comndition (sere intensity).”
This hypothesis was tested in experiment One by using the meving
photic test spot (M.T.S.) to chart the gradieats for two imten-
sities. After entering the field of view the M.T.S. seemed to

disappear behind the S.G.S. relatively fast if the glimulus



intensity were sero. When the intensity was full the M.T.S.
appeared to disappear relatively slowly and farther from the
8.G.S.'s boundary. The areas im Figures V through XI, bounded
on the outside by the glimulus gradieat and on the inside by
the zero intensity (S.G.S. boundary), represent the umusable
| area, These figures present findings for individual glimulus
forn, meridian, and subject; Table IX presents a summary ef
these findings across vector and subject. Results appear to
support the present hypothesis. Statistical tests (Stygont
t) perfermed upom data in Figures V threugh XI imdicate rather
high signifieance levels for full intensity - zero intensity
gradients over all glimulus forms.

ngothoaic Pour

The fourth hypothesis offered was that, "decreasing the
glimulus intensity will cause the perceived shape te approach
the physical form of the particular glimulus used.” The results
from experiment Two apply to this hypothesis. Graph I presents
these results for all four Ss tested. This curve represents the
change in apparent height of a glimmulus under a wide.rnnge of
intensities, It is based upon data from one meridian (0°).
and two direetions (IN and OUT), This curve could very well
have come from any vector or glimulus form according to the
findings cited in support of the previous hypotheses tested in
experiment Ome. The data presented ingrablo X indieates thut‘
there would be minor variations in the curve's shape depending
upon what peint on the S.G.S.'s boundary the M.T.S. happened
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to disappear or reappear. One would expect to obtain similarly
Shaped glimmlus gradients, in the fromtal plane, under very
intense glimulus intensities as those obtained umder lesser
intensities, such as those studied in experiment One.

Graph I

Effect of Glimulus Intensity upon
Apparent Height of the S.G.S.
- (Experiment Two)

-
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This eurve is not meamt to autematically extend the fimd-
ings of experiment Ome to the glirmulus imtensities used in ex-
periment Two for it is based upon only ome glimulus form, ene
meridian, and two directioms. It does previde prelimimary data

on certain aspects of viewing ebjects that have very intqnio

intensities.
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.Each point plotted. as a cross in Pigure XIII 1s based
upon data from the number of Ss noted in parentheses, Each
S observed 2l trials per point, Zere intensity, on the abéilnu,
represents. the apparent height (apparent diameter) ef the

square form under sero intensity,

.~

Hypothesis Pive

The traditienal psyehophysieal method of 1limits was used
in experiment Onme, This nothodolégy uses an ascending and de-
eending series of trials which allews ome to locate the trans-
ition peint betweem ene type of respose and anether. 1In the
present sase the respomse of pushing a butten was supposed te
indicate time of oceurrance of a critical visual task. Om the
basis of many previocus psychophysical experiments, shewing the
existence of anticipatien o}ror-, response latency, and persev-
eration errors, it was hypothesized that, "statistieal varianmce
will be larger fer appearing trials than for disappearimg trials.”
It was reasened that since S did net mew exaetly whern the M.T.S.
would reappear, among ether reasons, his respenses woeuld be mere
variable during these trials. Appearing trials are labelled as
ouT triuio in the fellowing tablol; disappearing are labelled
as IN, The M.T.S., during IN trials, was alvays visible until
is disappeared. PFor these tiinlc.s usually had less trouble
iooing it and possidbly of even ferming some idea of its ap-
parent velecity. In order to test hypothesis five the statis-
tieal variamce was caleulated for ene data series for each glime
ulus ferm. Table XI, XII, and XIII present the results of this

analysis,
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A)

Table XI

Results of Hemogeneity of Varience Test fer
a Cireular Glizulus Ferm

Series Ome
Condition I Variance
Meridian ,
0° - 180° JUus® - 225° | 90° - 270°|135° - 315" |
Full Intensity
IN 0.127 0,519 0.047 0.029
Full Intensity l — \
OUT 0.689 0.097 0,052 0.1l1
Full iltouity
IN 0.111 0.166 0.071 0.084
Full Intensity 1 / < \
ouT 0.168 0.079 0.140 0.048
0.4 log Intensity : .
IN 0.299 0.248 O.l4k3 0,081
0.4 leg Intemsity 1 / — \
ouT 0.017 0.007 0.006 0.030
0.4 log Intensity
IN | 0.049 0.11L4 0.016 0,073
OJ4 log Intensity 1 ~~ \
Zero Intensity
IN .. 0.023 0.006 0.011 0.026
Zerc. Intensity l / - \
ouT " - 0,009 0,006 0.005 0.023
Zero Intensity .
IN 0.006 0.011 0.009 0.01h
Zero Intensity T / y
ouT _L 0,009 0,011 0.010 0,005
. sl

# Indicates variances differ aignifiecantly at the P = ,01 level.

Note: Arrows,within each cell,imdicate M.T.S. directien ef
travel. :
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Table XII

Results of Homogeneity of Varianece Test fer
a Square (Glimulus Ferm

Series One
Condition Variance
: ) - Meridian
0% - 180° [1,5° - 225° [ 90° - 270° [135° - 3159
Mull Intensity ‘ ~
Full Imtensity f ,ﬂ’ —- X
ouT 0,208 0.0;§> 0.05 0.018.
Full Intensity ,
IN 0.02; 0.016 0,061 0,018
Full Intemsity i / | - AN
oUT 0.057 0.062 0,014 0.018
;ih.log Intensity
IN 0.040 0.022 0.013 0.036
0.} log Intensity 1 / y . \
ouT 0.036 0.040 - 0.0l6 0.017
0.4 log Intensity '
0.4 log Intensity l /’/ y \\\
ouT 0,055 0.018 0,027 0.008
Zero Intensity
In . o 006 0,008 0,010 0,048
Zero Intensity T /)(_ > \\\
00T 0.042 - 0.040 0.017 0.051
Zero Intensity . .
IN 0.008 - o.o4s | 0.023 0.023
Zereo Intensity l' ;
ooT 0.038 0,012 0.027 0.045

i |

# Indicates variances differ significantly .t P= ,01 level.

Note:
travel,

Arrews,within each eell,indiecate M.T.S. dirootion of
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Tadble XIII

Results of Homogeneity of Variance Test for
a Trianguler Glimulus

Series One
Condition Variance
Meridian
0° - 180° 600 - 24,0° | 120° - 300°
Full Intensity '
IN 0.994 0.116 0,087
Full Intensity t /’( *
ouT 0.626 0.010 0.045
Full Intensity
IN 0.013 0.048 0.11l
7
Fall Intensity 1’ / \
ooT 0,013 0.022 0.006
0.4 log Intensity )
IN 0.618 0.046 0.047
i
O.l4 log Intemsity 1 » ,7‘ \\\
ouT € 0.039 0.049 0.033
O.4 log Intensity _
IN 0.065 0.920 0.008
0.l leg Intensity l / | \
ooT 0,072 0.03L 0.027
— — =

Zero Intensity ‘ '
Zero Intemsity /;‘ ‘\\
ouT 0.027 . ) 0.009 0,073
R — ah
ZQro‘Intongity
IN 0.020 0,023 0.049
Zero Intensity Y * }{, \\\

# Indicates variances differ significently at P = ,05 level.
#% Indicates variances differ significantly at P = ,01 level.

Note: Arrows within each cell indicate M.T.S. direction of
travel.
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An Fhax test was used to test significance of difference
between variances, (Walker and Lev, 1953, p. 192) In order to
support hypothesis five the OUT variances would have to exceed

the IN variances,

Table XI presents the results of 2 F;ax tests upon data
for the circular glimulus. Of the 24 cells only 10 exhibited
larger OUT variances than IN, Only two cells were signifiecant

and both were in a direction opposite that expected!

Table XII presents 2 F.. . test; upon data for the square
glimulus. Sixteen of the 2 cells exhibited larger OUT variances
than IN, Two cells were found to differ significantly at the
P = ,01 level and both were in the expected direction, .

Results fer the triangular glimulus are presented in
Table XIII, Of the 18 F_ . tests performed only 3 were in
the expected direction., PFour ‘cells exhibited statistical sig-

nificance but only one ef these was in the direction expected.

On the basis of the above findings hypothesis five cannot
be considered to de lﬁpportod. The above tables contain a great
deal of infermatiom concerning response variability and two
additional observations must be made: (1) for the three glim-
ulus forms studied, variance tended to be larger ander full
intensity conditions than under intermediate or zero intensity
conditions, and (2) analfaio of r;lponno variance by meridian

did net oxhibit any decided tremds,



DISCUSSION

The present study involtigaiod several aspects of the glare
phenomenon: (1) intensity gradients surreunding a glimulus,
(2) the effect of glimulus intensity upen pbrooivdd glimmlus
shape, and (3) the effeect of differeant glimulus ferms upen
the shape of iltonalty gradients. Experimental hypotheses were
prcpoaid‘(.oo pages 21 and 22) econcerning the above aspeets of
glare, Each was tested and appeared teo provide a eemsistent
pleture of glare, ceortainm glimuli, and certain aspects of im-
poverishment, Experiment One tested Hypotheaes I through 3,
Hypothesis U was tested in experiment Two. Data frem portiens
of experiment One were used to test Hypothesis S.

By repeating experiment Ome in 1tt_bnt1roti an indieation
of the reliability of the data was obtained, A comparison bé=
tween results from Series One and Two shows very small
boundary - edge visual angle differences (see Figures V and VI,
VIII and IX, and X and XI, respeebively). Referring to Tables
IT and III the mean difference between boundary and edge for
full intemsity conditions was under U minutes eof visual angle
and under 2 minutes for the 0.l log intensity condition.
Mean boundary - edge differences for the square and triapgular

glimuli were even smaller. This consistency aﬁpourc to

- 56 -
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f1llustrate a basic reliability in the data. Response comsistenmcy
is also illustrated by tiu oxtroioly small variability of res-
ponses shewn im Tables XI, XII, and XIII, Being so small,

these variamces show that S set the M.T.S. in the same positioen,
‘relative to the porcoiiod edge of the 3.G.3. for any given ex-
perimental condition. '

The trends exhibited in Tables XI, (II, aud XIII show that
responses are more variable under high intemsities than undoi'
sero intensity. One might expect this just by "cemmon sense”.
It is important to note, however, that most Ss remarked that
the zero intensity conditiemn was the hardest in terms of judging
when teo step the M.T.3. This subjective opinion was net borme
out by their actual responses. The apparent difficulty in
making eritical Judgments under zere imtensity was predadbly due
to the fact that the airror's (S.G.S.) boundary produced seme
diffraction of the M.T.S.'s rays. This diffractien eould havé
made it diffiecult to tell just when the M.T.S. had completely
disappeared or appeared. A further study seems warranted which
would amalyse different boumdary forms and M.T.S. diameters,
much as was done in Table X and in Pigure XII,

It is hypothesized that response variance will be smaller
if the M.T.S. 1s "eevered” er "uncovered” by a curved er
straight, rather than by a corner, boundary form. (see Pigure
XII) Diffractions would be produced by both sides ef a corner
boundary form as the M.T.S. passed behind the "point” ef the
corner, M.T.S. direction of travel is portrayid by a dotted
line im Pigure XII (page 46). In the present study Ss said
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that they felt the M.T.3. disappeared or appeared faster if 1t
was approaching er leaving a curved er straight boundary ferm
rather than a cormer beundary ferm. This finding prevides seme
feundatien, altheugh shaky, for the abeve hypothesis. It is
cenceivadble that respense variunco, under these comditioms, is
related te ene's sudjective estimate ef "speed eof disappearance”

~ (or appearance).

Regarding the boundary - edge distances obtained fer beth
intensities studied im experiment One, ome would expect that
the O.4 log intemsity, being just umder ene-third the full im-
tensity, would preduce a gradient abeut ene-third the distanee
to the full intensity gradient, Only eme ease (see Pigure VI)
exhibited this, The remaining results from experiment One
exhibited a 0.l log intensity gradient that fluctuates widely
between the S.G.S. boundary and the full imtensity gradieamt.
This suggests that there 1is a nonlinear relationship between
glimulus intensity and bcnndary - edge diltnhoo. Results from
experiment Twe (see Graph I) further suppert this view,

Referring to Graph I it is apparemt that the data can be
characterized by twe straighﬁ 1lines labelled "A®" and "B"., No
single straight lime ceuld be fitted to the whele range of
data. The portion of the curve labelled "A" can be character-

ized by the follewing fermula:'

G.E. = S+ 8.23 + 887 (L)
The portien labelled "B” by:
G.E. = S 41,31 + .50I (5)
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where: G.E. = Glimulus Edge (normal to glimulus'
: boundary
s = padius of glimulus (em.)
I = imtensity of glimulus (ft. 1.)

Formulae ’(h) and (5) smst be regarded as tentative
until mere glimulus cenditiems have been inioatigatod. Eaeh
formula prevides a means ef caleulating the appreximate dis-
tance the edge will extend mormal te the glimulus® beundary,

When the crosses in Graph 1 are fitted by a single
gsurved lime the high intensity portion appears to reach an
asymptote at approximately 2° 27" visual angle and tends to
level off at low glimulus intensities...eventually roadhing
the gliml.up' boundary at zere intensity. If ene accepted this
kind of analysis ome would commit oneself $o0 a pesition th;f.
"no further increase “in glimulus intensity would increase the
apparent height (er diameter) Ar the glimulus®, It would seem
that, in order te hold this position, one weuld have te pesit
some form of "limiting mechanism®, If such a "mechanism” exists
the writer feels that is probably physiological in nature
rather than physical. The questien actually becemes, "does the
effective size of the retinal impoverishment. inerease with in-
creased glimulus intensity indefinitely or does it level off at
a given intensity?” Since there have been se few glare-re-
lated studies that have used truly high photic intensities this
question mmst remain open, On the basis of the present findings
it 1s tentatively hrodlotod that the formulas best describe the

phenomenen in questien.
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In the‘proaont experiment S fixated om the center of the
S.G.S. If fixeation varied the particular retimal mosaioc
impinged upon by the S.G.S.'s image would change leading to
changes in adaptation and thus perceived brightness of both
8.6.3. snd M.T.S. It was felt that this might account fer the
fluctuations of the 0.4 log intcﬁaity gradient until it was
noticed that full intensity gradients should be similarly af-
fected, if net in magnitude then im direction. Assuming a
"random” fixation pattern for all viewing conditions in ex-
periment One, 1.e., fixatien that is stable fer each trial but
in a ﬂlightly different pesition for different trials, in a
reandom fashien, both intensity gradients should be concentric
with the glimulun'.bqundary. Such was not always the case (see
Pigures VI and VIII), To explain these findings ome would have
to assume that fixation pesitien was systematically influenced
as a functien of glimulus intensity. At the present state ef
understanding it seems mere judieieus to assume that some ferm
of "errer" was the cause of these nen-cencentric gradients
FPigure V1 111u.tratty that the full intensity edge deviates
frem a perfect cirele enly at two meridians (0® amd 315°).

If a perfect cirecle was superimposed over this gradient the
amount of "deviatien” (from a porfoct circle) would be less than
the diameter ot.ﬁbo M.T.S. PFurther experimentation of this
'typo should use a smaller diameter test spot te see if this

"deviatien" decreases.

When the results frem experiment One (see Pigures V
threugh XI) are cempared with the size and pesition ef the
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fovea centralis, assuming stable fixation, equal frontal area
of all glimlus forms, and equal P.G.S. intensity inecident

upon the mirror's surface, several interesting things are
noticed: (1) the full 1ntona1tj edge produced by the circular
glimulus fell entirely ocutside ef the assumed foveal area while
the glimulus' physical boundary was atill.inngod almost com-
pletely within the fovea. The boundary image extended some

6' visual angle directly above (0°) and belew (180°) the as-
sumed boundary of the fovea, (2) tﬁe full intensity edge for
the square glimulus extended outside the foveal area only at the
corners by some 9! of visual angle. The image of the physieal
boundary fell entirely within the foveal srea, and (3) the full
intensity edge produced by the triangular glimulus fell ocutside
the foveal area only at the corners by some 29! of visual angle.
The physical boundagy'a image also fell outside of the fovea

at the corners by some 17 34.5" visual angle. The glare ex,
perienced from each of these situations yilelds some interesting

comparisons.

Those who suggest that glare is due to neural interaction
in sub-recepter structures feel that parafoveal stimulation
travels to surrounding recepter neurons via-fibor and ganglionic
layers (see Figure XVIII) and thence to higher "interpretive
centers® as if the surrounding receptors had been directly
stimulated. This explanation seems valid as far as it goes but
it does not provide any explanation of how glare arises when
only the fovea 1is itimulated. It was pointed out in Appendix

III that much evidence exists in favor of a 1:1 connective






scheme between cone and optic tract...frem the foveal area.
This almost precludes any horizontal spreading out...at least

at this level of the nervous pathway. The present study found
that photic energy falling entirely within the feoveal area

does spread out beyond the assumed foveal boundary er "rod line"
as it has been called, This finding thus tends te support the
entoptic stray light explanation of glare,

The rorh of the glimulus appears to play an integral part
in the resultant glare., In case (3) above, for instance, both
boundary and edge extended eutside of the fovea at the three
corners, When Ss were asked if the glare appeared as a perfect
equilateral triangle or an uneven er undulating one they re-
marked that it appeared quite even and "regnlar®, No abrupt
discontinuities aleng any edges were reperted. The writer,
serving as S, did not experience any perceptible difference
between the cerners of the triangle and its center in forna of
brightness, edge continuity, or spectral characteristics. These
data provide further support for the stray light explanatien

of glare,

Despite the growing number of experimental studies in
favor of this theory of glare the auther considers the contro-
versy still open., Methodologies tend to be quite different
from one another; such differences might contribute to the

apparent differences of opinion of researchers.

The present study differs in two ways from the traditional
glare study. These are differences in the role played by the
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retina., The first is a static - dymamic difference and the
aocond is a centril - petiphernl difference. Regarding the
first of these it is obvious that nothing 1s seen to move in
the traditional method. No retinal image sweeps across receptors
except those causes by shifts in fixation. In the present
method the moving test spot moves across the field of view,
first approaching the glimulus and then receeding from it. The
second principal difference between these two methods lies in
the fact that the comparison area, used im the traditional
method as one-=half of the brightness-matching area, acts as a
test spot but lies on or very near the foevea, The moving test
spot, used in the present study, begins in the periphery and
approaches the fovea. Previous studies have indicated that the
parafoveal areas (stimulated in this study) are more sensitive
to movemont»of a photic ;mago than are foveal areas (Brown,
1931) (Stevens, 1962, p. 895) and it is commen knowledge that
rods are generally more sensitive to motion than are cones,

If we cempare the two "test apots“ on the basis simple visibil-
ity it seems justified to assume that the moving “peripheral®
test spot, 1.e., the M.T.S., 1s 1likely to be mere visible than
is the stationary comparison area, at least for the present
kind of experimentation. Thus the M.T.S. should be a more pre-
cise indicater of the occurrance of the present critical vis-
ual task, In this cass the critical task was that of stepping
the M.T.S. when it disappeared (or appeared).

When the effects of a glimilus are seen in terms of ret-

inal adaptatien the present findings are similar to those
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obtained by Stiles and Crawford (1937). In their study ef glim-
ulus effects on parafoveal vision they derived the term "lime
inal brightness increment” or 1l.b.i, for shert. The 1.b.1.

was defined as the smallest difference in brightness between

a given test spot and its immediate surreund such that the

test spet can just be detected, the test spet brightness beling
greater than the surround brightness. One aspect of their

study invelved l.b.i. measurement for a source of censtant in-
tensity and angle € but placed in different meridians., €

was held constant at 5°, Their test spot was a small (0° I4*
19") point of light expesed fer 0.05 seconds every 3 seconds,

No systematic change in 1.,b.i. was found for different meridians,
When the glimlus' image fell on the fovea er the blind spet

the 1.b.i. was no dirforont from values obtained fer any other
point at an equal distanece from the test spet. In the present
study (experimemt 0n0)40-ynu approximately equal to 1° for

the circular glimmlus. The “roughly” cencentric gradients
ebtained showed that the M.T.S. brightness was fairly eonstant

at this value of © over all meridians studied.

If portions of this research were to be repeated several
alterations in equipment and design would be suggested., First,
in terms of ease of data collectien a reversible motor om the
track would make it pessible to alternate directioem of M.T.S.
movement every trial., It is felt that results weuld net be
greatly altered by this change in equipment., Also, a tape
recorder was used during portiomns of the present experiment.

This method of data coellection required a great deal of -
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analysis time; it did help rill in data originally missed such
as S's verbalizations, ete. A digital, direct print-eut eof

the M.T.S. pesition (on the track) weuld prebably be the best
answer to data eolloétion. The writer would recommend a longer
time interval between trials. At least a one minute interval

would help S's retinal adaptation become stabilized.

Regarding future experimental design, another study should
investigate more meridians (every 5 or 10 degrees) on one
glimulus form., In additien to this, another study should analy-
ze the effect of boundary form upon perceived boundary - edge
distance...mch as was done in the present research (see Table
X and Pigure XII), Corners ranging from about 10° to straight
(1800), in 10° increments, would need to be studied in order
to better clarify.the effects of diffraction produced by the
glimulus® boundary., A further study should determine the ef-
fects of M.T.S. diameter on boundary -'odgo distance. The pre-
sent M.T.S. diameter was chosen on a practical (construction)

basis. It was close to a point source of photic radiation.

It was felt that repeating experiment Ono‘;glgggg was far
better than deubling the number ef trials per condition, Pose
sible diurnal effects are minimized in this way. Repeating the
entire experiment alse provided a means ef assessing any learm-
ing effects. It is alse suggested that using a few highly
trained Ss is better, in terms ef reduecing respense variance,
than using many uatrained 8s. Of eeurse, the sample tested
should, in some cases, reflect the universe upen which the par-

tieular results are te be applied.
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Por viewing durations 1;;gor than about 10 secends the
glimulus? intensity cam beceme critical as far as retinal dam-
age 1s cencerned., FMurther weork im this area sheuld be guided by
basic prineiples of safety layed dowm im previeus studies
(Severin, et al., 1962) (Severin, 1963), Subjective discemfert
and pain are net always an adequate imdicatien ef retinal dam-
age (e.g., ultravielet radiatien) thus preliminary research en
nen-human eyes, in the wavelengths and intemsities ef interest,
1s essential. Guth's werk (1951), em the berderlime between
cemfort iad discemfert (BCD), prevides additienal imfermatien
for the researcher. Intense glimulus cenditiens can be danger-
eus, Cautien sheuld be exercised in all phases ef experimenta-
tiem; met enly durimg data cellectien but alse during the imper-
tant preliminary “set-up” stages.

The fellewing pages discuss seme of the pessible appli-
cations fer the presemt fiadimgs. Intemse glimuli exist in
almest everyene's lives; the sun's radiatien reaches everyene,
electricity has breught illuminatien te mest parts ef the werld,
phetegraphie flash-bulbs iro cemmon in the medera werld, many
other examples exist. Mamny glimuli are peteatially dangereus,
leading te seme sert eof bedily injury er impairment. In seme
cases intemse phetic flashes leave ene temperarily dlinded amd
eften umnadble te react apprepriately te emviremmemsal stimuli,
The peint of the matter is that if seme means of filterimng this
intense phetiec emergy is available the petemtial danger is eftem

redueced,
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Within the past several years mar has pregressively per-
suaded himself te enter space, Many predblems uaaociatod.uith
man-in-space have been uneevered and appear to.bo selvable but
ethers remain hidden., The visual predlems of man-in-gspace seem
te 1lie semevhere between these extremes. As will beeeme ap-
parent, new aﬁproachos te eptical filtering are needed. The
present researeh has relevance te seme of these broblcll ind
attempts te previde future develepmental research with mere than

a sudbjeetive basis,

-

In spaece the sun ﬁ111 sonsitute an extremely intemse glim-
ulus having a luminanse ever 12,000 lumen per sguare feet
. (Bismer, 1962) (Jemes, 1960, pe L), If the sun reflests off a
highly speeular surface that surface will alse beseme a glimulus,
Spaee is dark, exeept feor phetie energy trci.tho sun and stars,
and reflestiens of the sun's radiatien frem the earth, meenm,
and planets. Man im spase will thus be dark adapted te a very
semplete degree unless etherwvise pretested; under these son-
ditiems the glare experiemce is likely te be severe. Anether
visual aspest eof spaece th‘t is eften umrecegnized is that, be-
cause of me atmesphere, man will net see the sun unless he leeks
in a direetion that allews the sun'’s rays te enter his eyes,
A little "amgular teleranee” beyead this directien eof fixatiem
night essur due te reflections of the aun'i rays frem his mese,
cheek, ote, This means that he will have ne advance waraing
of the sun's appearanse., This unexpected mature ef the sun
senstitutes a petemtially dangereus situatiem. The best sel-

utien te all ef these predblems se far has been te previde
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differeat eptical fllters aecress the full expanse ef the space
vehicle's windew. This has been a step-gap selutiem. The '
specifie tasks eof man im space must be determined befere any

adequate selutiem can be arrived at,

It 1s gemerally agreed that twe tasks, in partiecular, are
geing te be ecritieal te the majerity ef future spase flights.
They are :Avigatioi and rendezveus in spase, It ;a the first
of these that 1s te be dissussed. The seecond rests upen sim-
1lar eensiderations and 1s left fer a future publiecatiea.

One means of leeating emeself in spasce (mavigatiem) is by
cemparing the angﬁlnr pesitions of three edjeets simultaneeusly.
This methed is ealled triangulatien and is by mne means the enly
or the best methed., It is ene methed that is umnder preseamt
censideration for future spase opqutiﬁno. Usually the ebser-
ver's space vehiecle is eme ebjest, the earth eor seme peint ean
its surface is the secend, and seme star er star patterm (er
moon landmark) is the third, Under selar illuminatiem the
ebgerver eamnet see the stars near the sun due te the intemse
retinal impeverishment., The sun's intensity 1is alse related
te the albede ef the earth whieh 1s the persemtage of selar
11luminatien refleeted back imte space. This illuminatiem eften
makes it diffieult te find specifie lamd pesitiems., Te help
alleviate these visual preblems the Natiemal Aerenauties and
Spasce Administratien’s Prejeet Mereury used a windew that trans-
mitted frem adbeut 35 te 50 per eent in the visual range when
ebgervatiens were perpendieular te the windew and frem 15 te

25 per eent feor a 60° viewing angle; this was the nermal viewing
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angle (Jenes, 1960, p. 22) An anti-reflectant as well as phase
pelarizatien was used as filters and were mamufactured acress
the entire Vyeer glass windew, Thus the windew in the Mercury
capsule eccluded many of the less intemse but petentially
useful baekgreund stars., The present dissertatien findings
have relevance te this particular preblenm, ‘

In this study different glimmlus ferms were used te sim-
ulate different space vehicle ferms and the reund sun, The
M.T.S. can be theught ef as representing a single star behind

the "simmlated space vehicle”, Its movement (M.T.3.) cam be
translated inte ebserver mevement since, apparently, the twe
are equivalent situatiems. The questiem can them be asked, ean
the glimulus' beundary be determined under intense glimulus
eonditiens? Or, put in ether werds, cam the beundary ef a
space eb ject be used as an aid te navigatiemal "fixes® under

intense glimmlus conditiens, using a star as a reference peint?

When applied te this questiem the preseat fimdimgs imdi-
cated that, depemding upon glimalus intensity amd ferm, it will
be relatively inaceurate te use a glimalus beundary as a navi-
gational aid. Astrememical distamces make very slight angular
deviatiens frem the line ef sight ameunt te very gress distamces.
An angular variation, due te one ef the presemt glimulus cen-
ditiens, ceuld ameunt te literally hundreds ef miles errer.

What is needed them is ome eof twe things: (1) a filtering
system that eliminates mest phetic energy frem the glimlus'
ferm alene leaving the periphery unfiltered (er filtered te am
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intermediate degree), or (2) correctionm facters fer given
glimalus intensities, ferms, and sises in space. Tho.o‘cor-
rection fastors weuld be used te estimate the astual glimmlus
boundary frem the perceived edge. Sinee the first alternative
has not yet been built, but is in design stages (Rogers, 1960)
(Rogers, 1962), it remains but te compute estimated dboundary -
edge angles fer varieus glimmlus conditiena and extend the data

of the present experiment, Such werk is mew underway,

Regarding the first altermative abeve, the writer feels
that it premises te be the best answer te glare-in-space as well
as many glabe probloml oen earth, No mew techmelegiecal dreak-
threughs are needed te fully develep the "electre-eptical light
shutter” as it has been called.

Altheugh a descriptien of this device is left fer the
reader to research, several cemments sheuld be made at this
time. Teo adapt the electre-eptical light shutter te human
visual needs seme ferm of "head positien senser® would be
needed. This "medulatien” sensor would previde the electrical
potential needed te drive the melecular activity in a shape-
selective fashien., Thus unwanted portiems ef the visual field
would be filtered accerding te specifie shape and intensity
parameters, Since the filter acts at a melecular speed ne
danger of solar (er muclear) flash blimdness cculd eccur frem
the unexpected appearance of intense photic emergy. Such a

device would have a maltitude of uses.
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Another application for the present findings is that ef
identification ef unknown ebjeets in space. The present study
has shown that perceived shape does mot always correspond to
the physical ferm of the glimulus. If one had te appreach and
visually identify some unknown ebject under intense glimlus
conditiens the task might be quite difficult as well as danger-
eus, It sust be remembered that the sun's intensity is some
four times that eof the phetie scurce used in experiment Two.

If the curve presented in Pigure XIII is asymptotic then there
appears to be a limit te the change in perceived shape and sisze
of the glimulus as a functien of intensity. If, en the ether
hand, the upper pertiem ef the curve is best defimed by fermula
(S) ene would not know exactly what shape te expect! Further
work with higher intensities under extended viewing duyationn

is needed. .

It 1s predicted that glare-related research will again
come inte vogue se to speak, New experimental techniques and
devices will prebably be develeped in erder te adequately
study the phemomenon called glare, It remains to be seen
whether or net researchers will tie themselves te the next
te useless vecabulary ef past decades., Will new theoretical
appreaches be ferthceming? It is hoped that future glare-re-
lated research will lead, eventually, to s full undorltandigé
of glare, related glimmlus conditiens, and retinal impoverish-

ment,
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APPENDIX 1

Types of Glare

During the last few decades researchers have originated
many words to describe the glare experience., In some cases
the words describe the glimulus conditions rather than the ex-
perience; in other cases the impoverishment 1s emphasized. 1In
most cases the various "types of glare" refer to some investi-
gator's personal experience under given glimulus conditions,
In order to help clarify this array of terminology the present

appendix presents a discussion of various types of glare and

associated glimulus,

It 1s'genera11y agreed that Bell, Tproland, and Verhoeff
(1¢22) first differentiated glare into different forms., Their
classic experiment distingulshed the following three types of
glare: (1) veiling glare, (2) dazzling glare, and (3) blind-

Ing or scotomatic glare,

Veiling glare is typified by fogging of a photographic

plate or by "light uniformly superimposed on the retinal image
which reduces contrasts and therefore visibility. This is

typically seen in reading under the open sky." (Ibid.) In
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reperts by Helladay (1926), Stiles (1928a) (1928b) (1929) (1949),
and Stiles and Crawferd (1933) (1934) (1937) veiling glare 1is
censistently referred te imn the fellewing way, "it was as if
the glaring seurce spread ever the test field a lumineus veil."
Pry and Alpern (1955) peint eut that veiling glare is similer

te a washing-eut effect. Creuch (1955) explains that, “"veilimg
reflectiens in glessy eor semi-glessy tasks everlie the detail

te be seen and reduee visibility.” Luckiesh and Helladay

(1925) suggest that it 1s due te a "diffusien ef retinal pre-

The secend type eof glare, cemmenly ealled daszling glare,
has been defined by Duke-Elder (1942, p. 939) as, "adventi-
tieus light scattered in the ecular media se as met te form
part ef the retinal image...It is the mest cemmen type.” The
phetie seurce used by Bell, Treland, and Verheeff te edbtain
dazsle glare preduced an intemsity ef 56.6 eandles per square
ineh (equivalent te 110 ml when shewn inte S's eye thi‘ugh
a small hele). They used an acuity test ef a black "E" en
a white backgreund. ;t became diffieult te see when the inten-
sity was raised te 15,000 eandles within a 10° ocircle and
surreunded by a baeskgreund intemsity ef 6,5 feet eandles.

Beth veiling and dassling glare are actually ferms ef
unwanted phetie flux within the eye which is net a part ef tke
target. Beth are preduced by stray illuminatien within the

eye.

Blinding or scetematic glare is the third'typo of glare
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prepesed by Bell, Treland, and Verheeff, It was claimed that
this ferm of glare, "puts the retima temperarily eut ef bdus-
iness by exhaustien of its active material®, Its effects
typically disappear within several minutes, ‘Both Duke-Elder
(1942) and Luckiesh and Helladay (1925) believe that blinding
glare is the "highest type of glare” and is due to a very in-
tense glimulus which reduces, fer seme time, the retina's abil-
ity te respend nermally te light, Graph II presents blinding
brightness as a fumetiem of visual angle and backgreund brighte
ness ranging from 5 te 60 theusand ml as ebtained by Holladay
(1926). This classie study by Holladay was entitled "the
fundamentals ef glare and visibility”. It studied glare and
visibility chiefly by the method of least perceptible contrasts
(brightness). It is interesting te note that the curves per-
trayed in Graph II illustrate that as backgreund brightness
increases the diameter ef the test spot must alse be inereased
to be just visible from the background at any given level ef
adaptation, Curve F = 1,000 represents an adaptation level of
929 lumen per square foet while eurve F = l/io represents an
adaptation level of 0,092 lumen per square foot, It 1is ap-
parent that the higher levels of adaptatien de not regquire as
rapid a change in visual ‘nglo (apparent size) of the test spet

to be just visible as de lewer adaptatien levels.
[

Indeed, it seems that because eof the scarcity of researech
using high photic intensities, the difficulty in adequately
describing the various phenomenon, and the lack ef inter-ebser-

ver validation these names fer different forms ef glare are eof



-85-

little actual value., Terminolegy used in the present repert

attempts te clarify this problem,

The IES Lighting Haridboek (1947) discusses further ferms
of glare. Disability glare, it peints eut, has been found

Graph II
Blinding Brightness as a Function
of Visual Angle and Backgreund
- Brightness

(frem Hoelladay (1926)
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aceeptable as a eriterion for judging various glare phenomena.
This kind of glare reduces centrast sensitivity or the con-
trast between a visual ebjeet and its baekground by increasing
the observer's adaptatien level. The same effect is observed
if a velling luminance is superimpesed en beth object and back-
ground., Beth uniferm and nonuniform field brightnesses are

discussed (Ibid., pp. 2-18 te 2-19).

This seurce (Ibid,) alse peints eut that discomfort
has alse been used as a oriteria for judging certain glare
phenonena, Discomfert is defined as, "the sensatien exper-
ienced by an observer when brightness relationships in the
field eof view cause discemfort but do not necessarily interfere
with seeing.” (Ibid., p. 2=19). The abeve definition is ebvieus-
ly of 1little value to the researcher. Because a standardized
precedure for evaluating this effect 1is lacking experimentatien
lacks direction, follewing one or more of five different
theories. One such theory called the shock concept provides
an empirical fermula fer determining the maximum brightness
of a glimilus whieh may bo viewed suddenly without discemfert.

- 0.3
B = K x Bl (6)

where: B, = Maximm cemfortable brightness ef a
g potential glimmlus (ft. L.)

K = 75,4 (Sometimes called the index of
comfort)

B, = JInitial brightness level te which the
ebgerver was adapted immediately prier
‘%;tongc?ntoring the potential glimlus
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w = Seolid angle subtended by the potential
glimalus assumed to be circular and
centered on the optic axis (steradians)

A}

The other theories will not be discussed here, Two remaining
types of glare are discussed in the IES Lighting Handboek;
direct and reflected glare. These catagories obvieusly refer
to the glimulus rather than to the glare itself,



APPENDIX II
Theeries of Glare

In almost every study dealing with glare there is at
least impliecit suppert for ene of two theoretical explanations,
i.0., the neural interaction theory and the entoptic stray
light theory. Other explanations of glare have been proposed
but enly these two have gained consistent suppert. Each is

discussed bdelow.

Neural Interaction Theory

The neural interactien theory was first formally pro-
pesed by Schouten and Ornstein (1939)., Their experiments
showed that a glimulus, placed in the periphery ef the fileld
of view ef one eye, decreased the apparent brightness ef a
roveally fixated test object when it was ecempared with a sim-
ilar spot seen by the epposite eye. They felt that a.phyaiov
logical effect was initiated by the glimilus and was transmite-
ted to the fevea from surrounding retina, That is to say,
receptor impulsges eriginating in parafoveal reds and cones

passed into the "pure” cone area.

y - 88 -
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On the basis of known anatomical structure and physiological
activity ene can find many possible neural roaponaoa>to [ ] glﬁnQ
ulus. Such receptor impulses could spread horiszentally to
neighbering retinal areas te be 1nhib1tod, facilitated, or pos-
sibly even delayed. To quete a previeus investigater (Mackavey,
1959, p. 36), "The myriad neural interconnections which are
kmewn to exist within the retina form a tempting deus ex
machina for the werker in vision. Although it may not be pos-
sible to predict the results of a givem experiment based upen
a knewledge of this structure, it may be possible te conser-
vatively éincludo that experimental results are consistent with

such knewledge."

There is a certain amount of evidenee behind the belief
that separate cones within the fovea do interact with one
anether. (Bietel, 1934) (Granit, 1930) (Karn, 1936) (Kelliker,
1902), Sgudies by Ramon y Cajal (1894) have previded anatem-
ical support.ror this line of reaseoning. Beitel (193}) feound
a definite interaction between spatially separated subliminal-
ly stimulated areas in the fovea. He explains that (Ibid.,

Pe 322), "The decrease in threshold intensity with a decrease
in separation of stimuli is most easily interpreted as being
due te an increased lateral summation which arises with an in-

creased preximity of converging excitatery paths.”

As 18 evident frem findings presented in Appendix III
there appears to be a 1:1 connection between cones and gang-
lion ocells within the central fovea, however, amacrines and

some herizontal cells have been demonstrated., (Ramen y Cajal,
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189Y4) (Kelliker, 1902) With the wealth of infermation concern-
ing the fovea and subretinal structure it is diffieult to find

evidenee decidedly in faver of one view or the other,

There are psychephysical experiments that appear to support
a neursl interaction point of view., Many studies (Hanes, 1951)
(Luckiesh and Holladay, 1925) (Stiles, 1928b) (Stiles and
Crawford, 1937) have feund that apparent brightness tonds te
increase with an increase in the retinal area stimulated (and
intensity held constant)., Neural interactien prevides a ready
explanatien. Le Grand (1957) stimlated the retina in two sep-
arate locations. He interpreted his findings as indicating
"interactions” which sometimes reinforce, but more often take

the form of inhibitions.

Crawford (1947) performed a study to determine the ab-
solute threshold at the fovea (test spot diameter = 30!
visual angle) before, during, and after it was surrounded by
various luminances ef 12° diameter. His findings are presented
in Graph III, The fovea's absolute threshold (L’) begins te
rise about 200 msec. before the appearance of the surround
luminance (L,). Immediately after the surround luminance was
turned off (see point +0.5 seconds on abcissa) the threshold
fell, simply on acecount of the disappearance of the retinal
inhibition., This effect has also been noted by Boynton, Bush,
and Enoch (1954). Le Grand (1957) explains this rise in foveal
threshold before the onset of surround luminance as being due
to the fact that the "latent” interval for (L ) 1s less than



it 4is for (Ls)'

The neural interactien theory is based upon the premige

that seme form of herizontal connections between fovea and
Graph III

Absolute Feveal Threshold as a Functien
of Surreund Luminance

(after Crawford (1947)
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parafovea cause retinal impoverishment that is described as a
hale or a veiling luminance surrocunding the glimmlus, The
assumption is made that the glimlus ray retains its shape, as
determined by the form of the digtal turgét, all the way to the
retina and then spreads eut in sub-retinal structures. This
view 1s physiologically, rather than physiceally, oriented,
Evidence supporting this thoor& mist speak fer itself regarding
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its applicability to glimulus conditions.

Entoptic Stray Light Theory

Even after a brief review of glare-related research one
notices that the majority ef evidence is in faver of the secend
of the two theeories, namely, the entoptic stray light theery.
In its simplest form the theory holds that glare is the direct
result ef scattering of incoming photic onorgj within the
various media of the eye. Specifically, scatter means the
change in direction of particles or photons owing teo éollilion
with ether particles or systems due to the anisotropy of the
transmitting medium (D. Van Nostrands Scientific Encyclepedia,
1958, p. 1460). For wavelengths much shorter than the radius
of the particles causing the scattering, the scattered energy
is nearly independsnt of the wavelength, For wavelengths mch
longer than the radius of the particles, the scattered energy
falls off as the inverse fourth power of the wavelength and 1is
called Rayleigh scattering. This fact will be touched upen

later,

It is known that a glimulus produces a tapered distri-
bution of photic radiation upon the retina., This cencept 1is
1llustrated in Figure XIII (after Bartley, 1958, p.127). In
this 1llustration the dashed line indicates the distribution
of radiatien under conditions where no scatter 1s possible;
the selid line indicates the actual retinal distributien.
Distance "U" repreaehta the apparent width of the glimulus.
This illustration points out that, under certain glimlus
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Pigure XIII

Entoptic Stray Illumination
(after Bartley (1958) '

conditions, the focused radiation ferming the glimulus' image
is not the enly retinal illumination present. The remainder
of the retina receives radiation even when the visual field
around the glimulus is dark. This remaining radiation is un-
focused and is called stray or scattered illuminatien.
Appendix V presents a detailed discussien of the seurces eof
entoptic scatter. Di Francia and Ronchi (1952) and Boynten,
Enoch, and Bush (195l4) have determined the direction and mag-
nitude of scattering for the eye. The reader is referred to
Pigure II once again,

STRAY LIGHT

Psychophysical experiments have been performed that appear

to previde support for the entoptic stray light theory of glare.

One such study by Bartley and Pry (1935) used a flicker
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technique. They positioned the glimulus! image on the blind
spot where no neural interaction could take place. Fleld
flicker was still present. A second test used two glimli,
equal in all respects, and presented alternately se as to hold
the amount of stray light constant. Their results showed that
field flicker 1s abelished, thus demonstrating its dependence
upon actual intermittent illuminatien rather than upon neural
interaction between portions of the retina stimmlated and these

not.

\}

That same yelr' Fry and Alpern (1953b) wrete that the de-
crease in perceived brightness of a feoveal test spot produced
by a peripheral glimlus can be accounted fer in terms of a
veiling luminance produced by stray illuminatien falling en
the fovea, The same effect can be produced by an artificial
patch of veiling luminance superimposed on the test spot.

Thé reader 1s referred to pages 10 and 11 for a review of

this study.

Further support for the entoptic stray light theery comes
from a study performed by Boynton, Bush, and Enoch (1954) ene
titled "rapid changes foveal sensitivity resulting from direct
and indirect stimmli®, Ss had to match a flashing foveal test
spot with either a direct or an indirect glimulus. Direct
stimulation was produced by liéht shown on a large white screen.
- Indirect stimlation was produced by light shown en S's blind
spot. The instantaneous change of retinal adaptation was re-
corded from the onset of the adapting glimulus to the state eof
steady adaptation. They found that when the two types of
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adapting luminances were equated at the start ef adaptation feor
total luminous flux, sensitivity to each remained the same
during the process of adapfation. Thus, they concluded that
only stray light could account for such identical results.
Neural interaction was ruled out as a factor on the basis that

differential time effects would have occurred.

In 1954 Pry re-evaluated the scattering theory of glare.,
His report updated Stiles' (1929) objections that: (1) in erder
to acocount for the glare experience it was necessary to assume
more light scattered than was known to be lost in the trans-
mission process through the eye's media, and (2) the equations
for stray light, derived from theory, did not conform to the
effect produced by a peripheral glimulus, Stiles had found
that flare and scattering by the media (see Appendix V)
cannot acc&hnt for the whele effect (glare), thus he assumed
that part of the effgct must be due to neural interaction.
Because of more recently acquired knowledge of the eye's trans-
mission qualities, Fry showed that stray light could account.
for the entire effect of a glimmlus upon the brightness dif-
ference threshold. Stiles alse assumed that enteptic stray
light conforms to Rayleigh scattering functions. If this were
true, scattering would be considerably greater for blue light
than for red., Studies (Le Grand, 1937) (Luckiesh and Taylor,
1925) (Moon and Spencer, 1943) have shown that this is not the
case., This suggests that the scattering particles are much
larger than those 1nvolvodq1n the Rayleigh type of scattering.
Pry concluded that entoptic scattering may have a large pro-
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portion of forward scattering, He also concluded that scatter
by the optic media is sufficient by itself to account for the
effect of a glimlus on the brightness difference threshold.

Another characteristic of entoptic stray light is that
it has been found to be additivo, i.,6,, if two or more glimli
are present in the field of view simultaneously the overall
effect is the sum of all of them (Crawford, 1936) (Helladay,
1926). Rather precise predictions can be made of the effects
produced by glimuli by using this fact. Such additivity could
be due to neural interaction, however, it seems rather im-
probable that such a heterogeneity of retinal intereconnections
could lead to such an effect. (Duke-Elder, 1942) (Polyak,
1941) (Woodworth and Schlosberg, 1958). Psychophysical exper-
iments alse tend to support this point of view (Crampton, 1956)
(Kruger and Boname, 1955) (Pieron, 1929),

Electroretinogram studies have also been used to investi-
gate entoptic atriy light (Boynton, 1953) (Crampton, 1956)
(Pry and Bartley, 1935). The E.R.G. record does net different-
jate between the activity of one part of the retina and that of
another, As Bartley (1941, p. 268) put it, "This is due to the
fact that under most conditions enocugh stray light falls on the
retina in general to produce a considerable action-potential,
despite the common belief that the retinal action—poten;ial is
determined for the most part by the elements in the focal area
of the retina receiving the image.”

In 1953 Boynton investigated “stray light in the human
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electro-retinogram®, He concluded that stray illumination on
peripheral retinal areas , where the rods pfodominate are
thought to cause the beta portion of the E.R.G. wave, He alse
concluded that the beta portion is a scotopic response to high
intensity stimulation (for small areas) but that it also re-
presents a summated response of receptor activity all over the
retina., These results agree with others showing that the aver-
age retinal illumination, due to stray radiation, is ef small
absolute magnitude. An extremely weak, scotopic, full-field
stimulus was capable of eliciting as large a beta wave roopénso
as the stray radiation associated with a very high intensity,
small, glimulus, Furthermore, the directional sensitivity of
the cones (Stiles and Crawford, 1933) (Stiles and Crawford, 193Y)
may aid in suppressing the perception of what stray radiatien

there 1is.

Crampten (1956) suggested that the E.R.G. is not an ac-
curate indicator of the effects of a glimulus because a psycho=-
physical response is made to the focal area of the stimulus
alone while the E.R.G. involves the whole retina., From this
one might assume that psycho-physical experiments tend te
over-estimate glare ;;d that E.R.G. records are more represent-
ative of certain aspects of glare., His point 1s well taken
eeeto the extent that the given impoverishment can be measured
and that glare and glimulus are kipt strictly separated,

By shining a glimulus first on the blind spot (called
indirect adaptation), and then on a large, full visual field,
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screen (called direct adaptation), Crampton's E.R.G. patterns
indicated that both kinds of retinal stimlation lead to the ,
same result, Holladay (1926) found similar findings. Crampton
explains these results as being due to stray illumination upon
the retina, He also found that the grsater the glimlus inten-
sity, the greater the diameter of the effective distributien
of the nonfecal light. The present dissertation has provided

a quantification of similar findings.

Finally, Bartley (1941, chpt. 3) discusses various means
of actually measuring entoptic stray radiation: (1) direct
photometry in freshly excised eyes, (2) by using a peripheral
glimilus to determine its effect upon the differential thres-.
hold of a foveal test spot, (3) by using flicker methods in
which the critical flicker frequency (c.f.f.) curves of the
test spot and that of the field at a given distance from the
fovea are compared, (L) by using apparent movement study tech-

niques, and (5) by studying blurredness of the retinal image.

To summarize the positiem of both theories of glare; it
is not yet pessible to find any element decidedly favorable te
either theory, yet one must acknowledge that the entoptic stray
light theery offers the advantage of supplying a physical re-
lation (see formula (2) on page 13) by which the effects of a
glimlus may be foreseen through calculations and empirical

measurement,



APPENDIX III

Anatomy and Physiology of the
Central Human Retina

This appendix is included becauss of its central impore
tance to the neural interaction theory of glare (see Appendix

II) and to discussions of the role played by the fovea centralis

under present glimulus conditions,

The retina is a lighte-sensative neural layer and forns
part of the wall of the vitreous chamber ef the eyeball. It
receives radignt energy and changes it into nerve impulses,
among other functions. These impulses are transmitted to the
higher centers of the brain to yield a sensation of "light",
Certain photo-sensative elements called cones and rods make up
part of the retina and transform the incoming photic energy
into neural impulses. Many different sub-retinal structures
carry these neural impulses to higher nervous centers via the

optic nerve, chiasma, and optic tract.

The beautiful complexity of the human retina should not
make one shy away from studying it; rather this complexity
should be unraveled and this beauty enjoyed. When one studies

the portion of the retina that receives the focused incoming
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radiation one is studying the fevea centralis, The preseant ap-

pendix attempts te bring this area inte clearer feeus,
Differemnt values are given fer the exact leocatien of the

Figure XIV

The Fevea Centralis imn Cress Sestien
(after Pelyak (1941)
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fovea centralis, This 1s due primarily te individual differences

in the subjects studied. Pelyak's (1941, p. 197) excellent work
locates it somewhat over Lmm, lateral te the eptic papilla in man.
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Its shape in man...both in freshly enucleated and in well-fixed
specimins, is round. O'Brien and Miller (1953, p. 5) assert

that the fovea centralis corresponds to the, "small depression

lying in the center of-the macula lutea (yellow spot)®. Only

cone vision is involved in clearly focused visien,

The shape of theuggxgg centralis, in cross-sectiony,is pre-
sented in Figure XIV, Thé scale is shown directly in microns
under the drawing. Cones predominate in this draﬁing by Polyak
although a few rods have been included near the edges. This
11lustration clearly emphasizes the depression which contains
many layers of neural structure (see top portion of Figure
XIV). The shape of the fovea centralis, in plan view, varies
according to: (1) which boundary definition one uses for his
histological studies, and (2) which subject is used. Pigure
XV helps to clarify various portions of the foveal region.
Letters refer to a research review on the size of the fevea
centralis and density of cones therein which is presented as
Appendix VI, This review summarizes the experimental findings

of 29 investigators concerning these foveal dimensions.

In the present_research, as well as in most research that
deals with human vision, the size of the fovea is of great im-
portance for its size will often determine the size of the visual
targets used. Few references agree, however, on 1ts absoclute
size, Adler (1950, p. 530) claims that the rod-free area of
the retina measures about 0.3 mm. in diameter, corresponding
to a visual angle of about 1°. Woodwerth and Schlosberg (1958,
p. 366) use the values, *20 horizontally and a little less
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Figure XV

A Schematie Representatien eof the
Fevéal Area
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vertically. They peimt eut that the plase where reds begin te
appear eutside the feveal area (ealled the red line) beginms
at abeut 130 mierens er 26.6' visual angle frem the eenter of
the fevea. Bartley (1941, p. 86) states that, "The eentral
area of abeut li’ is emtirely red-free, while a slightly larger
area, 2. in diameter, centains se fevw reds that it may be econ-
sidered virtually red-free.” If 1 mm. distamce em the retima
equals 3.&‘ visual amgle them Bartley's eemtral pure-ceme area

equals O.L4l mm, in diameter. Pelyak (1941, pp. 198-203) gives
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a margin to margin dimension (of the foveal depression) of

1.5 mm,, or somewhat more corresponding to 5° visual angle on
both sides of the fixation point. The region of the fovea
yielding most direct vision corresponds approximately to 1° 20!
visual angle (400 microns), The rod-free area measures about

1° 40! visual angle (500 microns).

Referring to Polyak's drawing of the foveal area (Figure
XIV), a nominal longitudinal dimension would be somewhat over
600 microns. Wulfeck, et al. (1958, p. 32) claim that the,
"fovea's entire area is approximately 1.50 mm, in diameter and
subtends about S° of‘visﬁal angle.” Other references (Guyton,

1961) (Southall, 1961) give still different values.

For the present experiment an almost circular fovea cen-
tralis is assumed having a horizontal dimension equal to 0,5
mm, (1.70o visual angle) and a vertical dimension oquii to
O.4 mm, (1.36o visual angle). These values were chosen because
they were conservative estimates of previous reliable findings.
Horizontal and vertical refer to meridians on the back of the

inner eyeball when the head is erect,

Regarding the size and shape of the foveal cones, again,
many different values have been determined. Cones are typicale
ly measured from center to center...averaged across any small
group of four or five, In order to better picture the foveal
cone and related dimensions Figure XVI presents a schematic,
labelled, diagram in both plan and elevation view., Labelled
dimensions refer to those in Table X1V, This table gives a
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Figure XVI

A Sehematic Representation of a
Foeveal Come in Plan and
Elevatien View

ELEVATION

.
A

| PLAN VIEW

IN?EL:::IIﬂ\\

e

"

\\W

MEMORANE
INNER SEGMENT
NUCLEUS

ourea}
SECGMENT

LimiTING

review of feveal econe dimensiens edbtained dy varieus researehers.
Rather large difroroneoi~1n these dimensiens can be ageribed te
several fascters: (1) the rapid chamge in seme dismeter with le-
catien in the retina and differemees in the depth ef histelegieal
seetien, (2) different ameunts of shrimkage during preparatien
(Duke-Elder, 1942) (Hartridge, 1950) (Helmheltse, 192i;), and

(3) differences inherent in retinas ef different subjeets.

The shape of feveal eones varies with pesitien in the ret-
ina (Duke-Elder, 1942, pp. 89-90). It is apparent frem
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Pigure XIV that the central cones are longer and thinner than
those at the periphery (Helmholtze, 1924, p. 28) (O'Brien, et al.,

1953).
>3 Table XIV o

" Foveal Cone Dimensions

(microns)
Investigator Reference W F H X c
Bartley, S.H. (1962) 3
PFritsch, G. (1908) 1.8-4.5
Greff 2.5
Hartridge, H. (1950) 2
Heine . 4
Helmholtze, H, (1924) L4.0-6.0 63
Kolliker, A, von (1854) L.5-5.4 15-20
Koater holi=lo6
Krause, C, (1842) 3.0=-5,0
Le Grand, Y, (1957) 0.5
Miller, H, (1852) 1,5=4.0
O'Brien & Miller (1953) 75 2,02-2,32
Polyak, S, (1941) 1.5 1.5 70
RochoneDuvigneaud 2,02=-2,50
Schultze, M, (1866) 2=2.5
Southall, P.C. (1961) 2=3 2.6
Vintschgau, M. d1.(1853) 3.4=6.8
Welker : 3.1=3.6

(Osterverg, '1935) (Pirenne, 1948) (Schultze, 1866).

The foveal cones§ lie within a depression or pit in the
back of the eyeball, (see Figure XV) Some investigators feel
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Pigure XVII

Photemicrograph ef the
Foveal Regien

(after Polyak (1941)
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that the foveal clivus (slope) acts to spread the image over a
larger number of receptors than would otherwise occur, (Polyak,
1941, pp. 199=203) Another prominent view is that the thin-
ning of blood vessels and other retinal layers in the foveal
region make it easier for light to reach the cones. (Guyton,
1961, p. 711) (Polyak, 1941, p. 201) PFigure XVII 1s a photo=-
micrograph ef the foveal region showing, in the lower portion,
the foveal depression, Note that the lighter portion is out eof

focus.

The following section deals with certain neurophysiologi-
cal relationships existing between foveal receptors and the
optic nerve, It is well known that cones within a certain area
of the fovea are connected individually, by way of a monosynaptic
bipolar, to an individual ganglion cell. (Adler, 1950, p. 633)
(Anderson & Weymouth, 1923) (Bartley, 1941, p. 86) (Bartley,
1962, pp. 928-929) (Le Grand, 1957, p. 347) (Polyak, 1941)
(Woodworth and Schloesberg, 1958, p. 386) (Wulfeck, et al., 1958,
PPe 32=33) In parafoveal regions other paths are possible, in
fact the great number of interconnections between the various
layers of retinal structure enable rod and cone discharges to
interaét in many ways. This is illustrated in Pigure XVIII
which 18 an enlarged "hand-drawn" diagram of retinal nsurology
according to Polyak (1941)., The ten layers are shown along with
many of the possibilities for convergence, divergence, and even

loop (storage or delay) activity of receptor impulses.

Numbers on the left side of Figure XVIII refer to the
following layers: (1) choroid (pigment layer), (2) rods and
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cenes (phetic recepters), (3) external limiting membrane, (l)
outer nuclear layer, (5) outer fiber layer, (6) inner nuclear

layer, (7) inner fiber layer, (8) ganglienic layer, (9) merve

Figure XVIII

Enlarged Schematic Cress-Sectien
of the Retina

A vr‘y

i

98

fiber layer, and (10) intermal limiting membrane., (Helmheltze,
1924) (Le Gramd, 1957, chpt. 16) (Miiller, 1852) (Pelyak, 1943)
This illustratien is of a pertion of the parafovea; it contains
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two rods for every cone, Within the pure cone area different

synaptic relationships are found,

In the very center of the foveal doprelaibn (called the
foveola) there are from 10,000 to 187,000 cones per square
millimeter according to Fritsch (1908, p. 17). The value most
commonly cited is 147,000 cones per square millimeter (Oster-
berg, 1935) and agrees with values obtained earlier (Anderson
and Weymouth, 1923) (Fincham, 1925) (also see Appendix VI),
Supposedly, the great majority of these 147,000 cones have
their own "individual” pathways to the optic nerve and thence
to hiéhor centers., On this basis one would expect that inter-
action would be at a minimum in this retinal area., There is
considerable experimental proof that this is the case (Adler,
1950, p. 554) (Illum. Engr. Soc., 1924) (Woodworth and Schlos-
berg, 1958, p. 386).

Bartley (1962, p. 928) points out that there are no diffuse
ganglion cells in the fovea. There the mop bipolars are also
absent, The cone impulse is conducted to a midget bipolar, then
to a midget ganglion cell, without lateral or transverse over-
lapping. !any researchers feel that this is the basis for the
good visual acuity found in this region (Adler, 1950, p. 633)
(Guyton, 1961, p. 710) (Helmholtze, 192l, pp. 26-27) (Le Grand,
1957, p. 250) (Oatman, 1913, p. 13) (Polyak, 1941) (WoodwortHi
and Schlosberg, 1958, p. 386).

The present appendix has provided a brief review of what
is known about the central human retina, On the basis of this
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review a foveal dimension was accepted which appeared to be
consistent with previous foveal measurements., This appendix
also provides a basis for further discussion of experimental
findings and will provide the reader with a ready source of in-

formation on the fovea centralis,







APPENDIX IV

Experimental Instructions

“This experiment is meant to uncover some of the proces-
ses involved in looking at different shaped lights. You are
already familiar with the experimental methed to be used (Nete:
all sudb jects had taken an introductory experimental psychology
course) but the apparatus is new. You will sit in this chair
(point to chair) and bite into this wax biting board (peint
to adjustable wax biting board). I will adjust this board
until you can see the mirror (S.G.S.) centered in the viewing
- hele (artificial pupil). Remember, it must be exactly centered.
(E also checked S's head pesition visually).

"To begin the task you will observe two separate things.
The first is an intense object, the second is a small moving
light., You are to hold your fixation on the center of the in-
tense object (S.G.S.) at all times, While you are fixating
you will also see the smaller light move in a straight line
toward the intense object. Actually it will pass behind the
intense object (point out the M.T.S.). When you see the moving
light completely disappear from view simply press the button
(point to button) and hold it down until you are told to release
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it. During the time you are holding it down I will be record-
ing the pldco at which you stopped the moving light. When I
t§11 you to do so again direct your attention to the center of
the intense ob ject and release the button., The moving light
will reappear from behind the intense object., When the moving

light ocomes completely into view once more simply press and hold

the button down again, Are there any questions?

(Note: All subjects readily understood these instructions.
In several cases all of the apparatus was described in detail
because these subjects (B.N.) (B.M.) (J.M.) also served as

experimenters.)






APPENDIX V

Detailed Discussion of the
Sources of Entoptic Scattering

Entoptic stray illumination arises from many sources.
The detailed 1listing below includes the known sources-with

\

relevant references for each,

Entoptic stray illumination arises from: (1) diffusion

through the sclera and iris (Bartley, 1941, p.58), (2) flare
in the optical system (Kris, 1958, pp. 201, 241) 4including

the 1light reflected from the iris to the cornea and thencse
through the pupil to the retina, and alseo part of the light
diffusely reflected by the retina which may be reflected

back toward the retina by one of the refracting surfaces,
Normally, flare refers to light reflected at the boundary sur-
face between media in its course through the optical system,

(3) scatter by the media (Duke-Elder, 1942, p. 801) (Pry,
1954, p. 98) (Fry and Alpern, 1955, p.879) (Holladay, 1926,

pp. 271-319) (Kris, 1958, pp.201, 241) (Schultze, 1866, p. 131)
ineluding the hales (Duke-Elder, 1942, p. 801) preduced by the

diffraction assoeciated with the micrestrueture of the lens and

cornea, (l4) diffuse reflection from the pigment epithelium,
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choroid, and sclera (Di Francia and Ronchi, 1952, p. 782) this

light stirulstes the photoreceptors in passing back through the
retina (called halation by Duke-Elder (1942, p.774), and then
passes through the vitreous te the other parts of the eye. After
it reaches some other part of the retina a part of the light may
by further reflected, (5) flourescence of the lens (Duke-

Elder, 1942, p.820) and retina (Ibid., p. 821) when exposed to
ultraviolet light, and (6) bioluminescence in the photorecep-
tors (Judd, 1950, p. 2).




APPENDIX VI

Dimensions of the Fovea Centralis

The review te follow presents dimensiens of the human
fovea centralis obtained by the researcher noted. The iden-
tifying letters refer to those given in Pigure XV, The "umbo”
or foveola is the area of most acute vision. Cones within
this small area exhibit extremely fine ability te respend to
detail., Angles & and B3 have been found te range frem ap-
proxirmately 15° to 25° (Polyak, 1941) depending upen which
side of the fovea one is considering., All measurements are

in millimeters or as otherwise noted.,

Investigator Reference Density A B c D
Adler’ poHo (1950) \ 003 003 °
Bartley, S.H. (1941) 0. lymm? 1.5° 1.5
Dimmer l.4-2 1.4=2

Dub, Reymond 15,200/'mm2

Duke-Elder, (1942) 4,000 in fovea
13,000 in macula

Pritsch, G.  (1908) 1-1.5 1-1.5
Guyton, A.C. (1961) 1,22mm

Hartridge, H. (1950) (26.,6' »adius te rod 1line)
Henle, J. (1866) 0.2 0.2

e 115 =






- 116 -

Investigator & Reference Density A B c D
Kolliker, A, (1854) 3.24 0,31 0,18-.225
KOStO!‘ \ OQZ-QI.'. 0.2-014.
Krause, C, (1842) 4,000 (feveola)

g 2.25
Kuhnt 0.15 0.20
Le Grand, Y.  (1957) 25,000 2-3 2-3  1.3-1.5
103-105
Michaelis 0.2=.4
0.2-.&.
Oatman, E.L. (1913) 2 2
Osterberg, G. (1935) 1h7,000/hm?
Perera, C.A. (1949) 1=2 1-2
Pirenne, M.H. (1948) 0.3 0.3
Polyek, S. (1941) 25,000 (fovea)
34,000 (rod=free area) 0.l
Salzer 12,622 te 13,23h/m2
Sehafer 16,000/mm
Schultze, H, (1866) 0.2 0.2
Southhall, P.C. (1961) 0.2
Wadsworth O.4=1.0
o.h-loo
Weber, E.H. 0.76
Welker 1.75
Woodworth & Schlosber P o
(21958 2 <2
Wulfeck, J.W. (1958) 1.5 1.5
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