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SUMMARY

The value of the threshold luminance increment has
been measured for each of a number of background luminance levels
and for a totally dark background. Target and background were
white light, of color temperature 2850°K. Targets subtended
1 and 45 minutes of arc, with a 0.01 Second exposure duration.

It was found that the threshold luminance increment increases
smoothly and continuously as background luminance was increased.
The threshold was equivalent for a totally dark background and

‘for low levels of background luminance.

These data fail to exhibit any evidence that the
human eye can be "photosensitized" with white light. (Photo-
sensitization would occur if the addition of a small amount of
light superimposed over a lighted target and its totally dark
background made the target more visible.)

The data from the present study suggest that the clas-

sical distinction between the "absolute threshold' and the

"difference threshold" is not meaningful, since there was no
discontinuity in the data obtained with a totally dark background
and those obtained with low levels of background luminance.,
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I. INTRODUCTION

The capability of the human eye for the detection of targets
differing from their background in luminance has been frequently studied
during more than a century. The usual experiment may be described in
the following way. A large area, referred to as the adaptation or back-
ground luminance, or simply as the background, is uniformly illuminated
to a predetermined level over its entire surface. The luminance of the
background may be symbolized by the letter B. An additional quantity of
light, AB, is added to some portion of the large area for a brief duration.
The precise amount of this quantity is varied until a response is evoked
from the observer indicating that he has detected a lack of uniformity
in the luminance of the background for the brief duration of the increment.
The value of AB which evokes the signalling response joﬁ»of the time is
referred to as the brightness difference threshold, AB. 'The relationms
between the brightness difference threshold and various aspects of the
stimulus situation have been extensively studied.

The level of the luminance of the background is known to have
an important effect on the detection capability of the eye. The sensi-
tivity of the eye has usually been described in terms of the value of the
contrast, C, which can just be detected where

It is well-known that the threshold value of C decreases steadily and
smoothly as B is increased. Experiments involving a finite value of B
have been customarily referred to as measurements of the "difference
threshold". 1In the special case where B=0, it is customary to measure
sensitivity by the value of A°B. In these cases, it is customary to
refer to the data as measurements of the "absolute threshold"”.

The usual definitions of the difference and the absolute thres-
holds make it impossible to compare them. For this reason, one of us
(Ref. 1) in 1947 first plotted threshold values of A°B for all values
of B. Use of this measure of visual detection senstivity makes it
possible to compare values of the absolute threshold and values of the
difference threshold for low levels of background luminance. Although
these comparisons were made in the 1947 study, there were few data
available at various low levels of background luminance.

In recent years, there has been considerable interest
in the development of theories of visual detection. Quantitative
relations between difference and absolute thresholds are of
crucial importance to several of these theories. It is imperative
that the receptor population be identical for measurements
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relating these quantities. Most existing data which could be
plotted in terms of A°B were collected under conditioms in
which cone photoreceptors were responsible for the threshold
for the high values of B whereas rod photo-receptors were re-
sponsible at low values of B. Suitable data for theoretical
purposes would require that either a pure cone or a pure rod
population be utilized. It is, of course, considerably easier
to isolate a pure come than a pure rod population, since cones
exist alone in the normal foveal retinae whereas rods do not
exist entirely alone at any retinal locationm.

The present study was undertaken to provide data on
the variations in the threshold luminance increment for the
foveal retina as a function of a wide range of values of the
luminance of the background, including a value of zero. Simple
theoretical arguments would lead to the prediction that the
threshold value of AB would increase steadily and smoothly as
B was increased; and that there would not be a discontinuity
in the data for B=0. From thig point of view, thé minimuin

~ value of /AR should occur for B=0. Verification or rejection
of this theoretical relationship seemed to be a straightforward
experimental problem.

The present study was undertaken for an additional
reason, Crozier (Ref. 2) has presented data suggesting that A ‘B
has a minimum value for B»0; this result has been taken to
represent ''photosensitization" of the eye at low levels of
background luminance. There are conceivable mechanisms of the
visual detection process which would lead to this result; indeed,
some detectors of electromagnetic radiation have this property.
It was decided that a concerted effort would be made to
verify or reject the possibillty of photosensitization of the
human eye, by white light.

It should be apparent that photosensitization of the
human eye could have important military usefulness in connection
with improving the night vision capabilities of night observers.
To take military advantage of photosensitization, it would be
necessary only to flood the entire retinae of the eyes with a
uniform veil of dim light, which would cover the images of targets
and their backgrounds existing in real space. The photosensitization
mechanism would result in am increase in the visibility of targets
under these conditions. Crozier suggested that only one specific
value of dim light produced the effect, other values resulting
in impaired visibility. Since a particular value presumably had
to be used to elicit it, the existence of photosensitization
could not be rejected out of hand on the basis that it was not
confirmed by ordinary experience in night observing. It was
decided to study detection thresholds at a number of values
of background luminance in addition to zero to attempt to identify

The University of Michigan - Engineering Research Institute ——
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the precise luminance required for the photosensitization process
to occur,

II. Apparatus and Procedures

As noted above; the present study is intended to provide
evidence on the fundamental nature of the relation between threshold
Juminance increment, A°'B, and background luminance, B, for the
foveal retina. The extent of our knowledge of the functioning
of the visual system is sufficiently advanced so that it is
possible to specify a number of experimental conditions which
must be met if meaningful data are to be obtained. These
conditions may be listed briefly as follows:

1. Comntrol of the location of the target on the approximate
center of the foveal retina;

2, Control of the pupillary aperture;

3. Control of the refractive state of the eye;

L, Control of the background luminance; and

5. Control of the size, luminance, and duration of the
target .

The ways in which these controls were maintained are described in
detail in the following sections.

A. OBSERVERS

Four observers were used throughout the experiments
so that the results would have reasonable generality. Two of the
observers were adult females, one (LP) an emmetrope, and one (HF)
with corrected low-order myopia and astigmatism. The other
two were adult males, one (OTL) a corrected myope of moderately
high-order, the other (AK) with corrected low-order myopia.
All observers were thoroughly trained prior to recording the
experimental data. Three of the observers were graduate students
in experimental psychology, whereas the fourth was a laboratory
technician. Motiviation seemed well sustained throughout the
long and tedious -series of experiments.

Because of individual differences in the sensitivity of
the observers, it was necessary at times to collect data on groups
of two observers at a time; at other times, because of the nature
of the orientation light system used, it was necessary to collect
data on observers singly. In general, all observers worked at a
given luminance level before they all proceeded to the next
luminance level. The possible influence of practice effects due
to increases in the observers®' familiarity with the conditions
and procedures, and their facility in response, was in great part
obviated by a protracted period of practice (about two weeks)
in the observing situation, and further mitigated by the order
of the experimental sessions as described below. Observers were
practiced in the situation until their threshold curves showed

3
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no further improvement

B. APPARATUS

The apparatus used to produce the background and target
luminances is illustrated schematically in Figure 1. The observers
viewed the far wall of a large cube, which served as the background
luminance, through a large opening in the near wall. The far
wall was lighted by a series of incandescent lamps, located on
the near wall of the cube around the opening, which were shielded
from the observers' eyes. The target appeared from time to time
in the center of the far wall, as a luminance increment. The
target was produced by a projection system located behind the
far wall., The larger portion of the far wall was covered with
a translucent plastic screen. The target was produced by
transilluminating the screen over a restricted area. The screen
was located an average of 10.8 feet from the eyes of the observers.

High background luminances were produced by four arrays
of 100-watt lamps, one array on each of the sides of the opening
in the near wall, Reduction in the number of these lamps was
used to produce luminances in the range from 3 to 100 ft.-L.

A level of 1 ft.-L. was produced by three 4O-watt incandescent
lamps, one at each of the sides and top of the near wall. In

each case;, direct illumination of the plastic screen by the

lamps was prevented by disc deflectors placed on the lamps. For
all values below 1 ft.-L., the luminance of the plastic screen

was provided by two small integrating light baxes containing 6-volt,
32-candle-power incandescent lamps, Each light-box had an opal
glass screen. These screens were not used to illuminate the
plastic screen directly, but were used to illuminate the near

wall of the cube directly, the plastic screen being illuminated
entirely by reflection from the near wall. These two boxes were
mounted against the sides of the cube walls at a point which
prevented the observers from seeing the opal glass surfaces.

The luminance of the plastic screen was adjusted by use of Wratten
neutral filters, placed over the opal screens of the light-boxes.

The target projector was based upon a special tungsten
ribbon-filament lamp developed by the General Electric Company,
the output of which was equivalent to a 1000-watt monoplane
projection lamp. The ribbon-filament lamp was operated at 6-volts
AC. Two sets of Wratten neutral filters were used to adjust
target luminance. "'Fixed'" filters reduced the target luminance
to the threshold range. These filters were fixed during any
given experimental session. Additional adjustment of the target
luminance was obtained by the "psychophysical" filters. These
filters adjusted the target luminance to the values desired
within the psychophysical range. Five psychophysical filters
were used, mounted on an electrically-driven filter-selector
which could position one or another of them in the projection
beam. Transmittance values for these filters were: 1.000,
0.752, 0.450, 0.287, and 0.172. ‘

L
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The presentation of the target was controlled by the
operation of a flag-type shutter. Whenever a solenoid was activated,
the shutter was removed from the projection beam.

The optical system of the projector is shown in Figure 2,
The target was presented through the year of the translucent
plastic screen (1), A metal plate with a circular hole was
pressed tightly against the rear of the screen, and this aperture
defined the size of the target. The projector was used therefore,
merely to illuminate the metal plate uniformly. An image of the
filament (9) was formed by the condensor lenses (6) in the plane
of the shutter wheel (3). The lens (2) imaged the plane of
uniform luminance (7) on the metal aperture. The aperture (8)
was placed in a lamp house which prevented unfocused light from
the lamp from illuminating the screen. The target projector
output was reduced by the fixed filters (5) and the psychophysical
filters (4). Different focal length lenses (2) were used to
illuminate the plates used to produce the two target sizes studied.

The side of the plastic screen facing the observers
-was covered with an extremely thin layer of white sphere paint,
designed to eliminate the specularity of the plastic screen without
introducing spectral selectivity. The color temperatures of the
target and of the background luminance were set for 2850° K.

The timing of the target presentation was arranged
and controlled by a timer comprising two discs mounted on a single
shaft, one rotating at seven times the speed of the other, and
designed to juxtapose two adjustable slots in the perimeters of
the discs and the projection beam. The timer wheels intercepted
the projector beam in the plane of a filament image. Variation
in the chord length of the slots can be utilized to produce
continuous variation in the duration of the pulse of light from
about 0,001 to 0.03 second. The time required for the target to
come to full luminance was 0.0001 second. (A ribbon-filament was
used in order to minimize the onset time.)

In the present experiment, an exposure duration of
0.01 second was used throughout. This duration was selected to
be shorter than the critical duration (Ref. 3) at all values of B.

Experiments were conducted with each of two target sizes,
representing 1 and 45 minutes of arc. These two sizes represent
the extremes of a point source and an eztended source which
covers nearly the entire rod-free area of the central fovea.

C. EXPERIMENTAL PROCEDURES
1. Psychophysical Method

The temporal forced-choice variant of the method of constant
stimuli as described in detail by Blackwell (Ref. 4) was used in
this study. Essentially, the temporal forced-choice method

2
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presents the observer with four successive, aurally delineated,
2-second time intervals. 1In one of these only, as determined
randomly by the presentation sequence, there appears a target

of ramdomly selected luminance. After a cycle of four temporal
intervals is completed, the observer is allowed eight seconds to
press one of four buttons located on his arm rest indicating in
which of the four intervals he believes the stimulus to have
appeared. These responses are automatically tallied in a distant
room on electrical counters and punched om record cards for
permanent reference., Although ten targets of the same luminance
succeed each other, each block of ten is randomly arranged with
respect to all other blocks of ten in terms of luminance. Five
such blocks, ranging in difficulty from a target visible nearly
100% of the time to a value virtually never visible are presented
in one experimental session.

After the presentation of fifty targets, observers
are permitted a five minute break while the equipment is re-set.
A fifteen minute break for refreshment customarily follows the
third block of stimuli.

Automatic presentation and recording equipment was used,
designed for use with this method and described by Blackwell,
Pritchard, and Obhmart (Ref. 5). The amassing of the great amounts
of data necessary to this study would have been impossible without
this equipment.,

The basic experimental data were percentages of correct
choice for each of five target luminance increments. Analysis
of the data begins by eliminating the effect of chance successes
by means of the relation:

p'= P-_2D
75
where p' = corrected proportion, and
p = raw proportion,

The corrected proportions were analyzed by a variant
of the probit analysis developed by Kincaid and Blackwell (Ref. 6),
based on the probit method of Finney (Ref. 7). Basically, the
probit method fits a theoretical curve to the data to satisfy the
maximum likelihood criterion., In this case, the theoretical curve
was the normal ogive. Analysis of the data in this manner yields
the value of the threshold, the standard error of the threshold,
the slope of the ogive, the standard error of the slope, and an
estimate of the goodness of fit determined by the Chi-square test.

2., Photometric Procedures

The basis of all photometry was the Macbeth Illuminometer,
calibrated against standard lamps and standard reflectance surfaces

certified by the Electrical Testing Laboratories, New York. The
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calibration of the Illuminometer and filters was checked several
times during the experiments.

High luminances of the screen were measured directly
with the Illuminometer, fitted with a lens which imaged the
screen in the photometric cube of the device., Low luminances,
produced by the light boxes described above, were photometered
indirectly. The ratio between the luminances of the opal
screens of these light boxes and the resulting screen luminance
was measured at maximum output of the light-boxes. When the
output of the light boxes was reduced by filters to produce low
luminances of the screen, the luminances of the opal screens of
the light boxes were measured and the ratio used to compute the
screen luminance. This procedure is entirely adequate since the
optics of the light sources were not altered by the use of the
filters.

The luminance of the large target was measured directly
with the Illuminometer, with all fixed and psychophysical filters
removed from the projector. The luminances of the targets actually
used in the experiments were computed from the luminance without
filters and the transmittances of the filters. The transmittances
of the filters were determined by standard photometric procedures,
with an optical bench photometer.

The luminance of the small target was more difficult to
photometer. The basic measurement involved what may be called
a 'candle-power box'". A closed metal box was made with an opal
disc at one end and a small aperture at the other. The aperture
was fitted snugly against the screen so that the transilluminated
target lay entirely within it. The target thus became a source
for illumination of the opal disc at the other end of the box.
Baffles were placed within the box to eliminate interreflections.
The luminance of the opal disc was measured with the Illuminometer.
From the transmittance of the opal disc and the inverse square
law, the intensity of the small target could be determined. The
luminance of the small target was computed from the measured size
of the target.

The measurement with the candlepower box is somewhat
tedious. Accordingly, occasional measurements were made in this
way and more frequent measurements were made with a photoelectric
telephotometer, calibrated in terms of the candlepower box
measurements . The telephotometer consisted of a telescope which
imaged the small target on the cathode of a 931 photomultiplier
tube. The relative luminance of the target was determined by
the emf required to compensate the photo-electric current produced
by the target.

3. Order of Experiments

All experimental measurements with the 1 minute target
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were first made and then the measurements were made with the 45
minute target. Studies with the 1 minute target are designated
Experiment I; those with the 45 minute target are designated
Experiment II.

Experiments were begun, for Ixperiment I with a background
luminance of 10 ft.-L. which was then reduced in one log unit
steps in successive sessions to a terminal background value of
"zero''. Keeping all other conditions constant, background
luminance was then increased from 3.3 x 1070 ft .-L. in one log
unit steps to 33 ft.-L. and finally to 1000 ft.-L. and back to
100 ft.-L. No differential effects of the order of the experimental
conditions were observed.

Experiment II began at a background luminance of zero
and increased in one log unit steps to 1 x 10~% ft.-L. Experiments
were then conducted at 10 ft.-L. and the background luminance
was decreased in one log unit steps to 1 x 10°° ft.-L., followed
by experiments at 100 ft.-L. and 1000 ft.-L.

- 4. other Experimental Procedures

To insure stimulation of the same region of the foveal
retina under all conditions, the observers' heads were fixed in
position by means of hardened wax dental impressions in which the
observers' teeth were clamped during all stimulus presentations.
These dental impressions in turn were bolted to supports fastened
to the arm rests of the observation chairs.

Constant fixation and accommodation of the eye at the
point of eventual appearance of the stimulus was required. Un-
fortunately, no single method of producing this result could be
discovered which would serve satisfactorily throughout the extensive
range of background luminance values. Consequently, three
different systems were employed which produced equivalent orientation
lights. In each case, the system produced four spots of light,
each of approximately one minute of arc diameter, surrounding the
stimulus spot and equidistant from its edges at a constant distance
of eighteen minutes of arc. These four spots were arranged in
the form of the terminal points of the arms of a cross, with the
point of stimulus appearance located at the intersection of an
imaginary line through each of the vertical and horizontal pairs.
The orientation spots were maintained at a luminance value
approximating ten times the average threshold of the group of
observers for the prevailing luminance, a level found in previous
studies to be comfortable and effective over long periods.

The system used for producing the orientation lights for
background values ranging from 1 ft.-L. to 1 x 10~3 ft.-L.
consisted of four projectors using the images of the filaments
of 6-volt, 32-candlepower tungsten lamps . These projectors were
mounted on each of the four sides of the back of the cube and
projected the orientation lights directly on the screen.

8
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The system used for background values less than 1 x 10-3
ft.-L. involved use of orientation light boxes. A 32 candlepower,
6-volt lamp housed in a light-tight metal case with four small
holes provided the orientation spots for Experiment I. Because of
the necessarily greater separation of the orientation lights,
these were replaced by four 2.2 volt lamps (G.E. No. 222) with
small spherical lenses for Experiment II. These light-boxes
were mounted at right angles to the observers' line of sight, at
an optical distance equal to that of the distance from the observer
to the plastic screen. A cover glass mounted at forty-five
degrees before the observers' eye reflected the four spots into the
observers’eyes so that they appeared to come from the screen.

(The values of AB and of B were of course corrected for the
transmission of the cover glass.) This system eliminated the
existence of unintentional illumination of the light cube by
the orientation lights. The orientation lights used at higher
luminance levels produced an unaccaptable amount of background
luminance from reflections within the light cube.

In order to provide sufficient intensity for use at

- background luminance levels greater than 1 ft.-L., orientation
spots were produced by transillumination through the rear of the
plastic screen. An orientation light template was made, consisting
of four pieces of shimstock with holes made with a number &4 drill,
which were fixed to the side of the glass plate bearing the target
aperture. A light box containing one 2.2 volt lamp was mounted
behind each of these, so that the orientation spots appeared on
the face of the screen by transillumination from behind. The
luminance of these spots was controlled by means of a variable
density 16 mm. photographic film, placed between each light source
and the screen. Different positions of the film strip produced
different luminances of the individual orientation spots.

Throughout the experiments, monocular vision was
employed, using the right eye of each observer. An artificial
pupil was used in order to eliminate variations in retinal illumination
with changes in the diameter of the natural pupil attendant on
luminance changes of the backgrounds, and to make it unnecessary
to determine for these experimental conditions the extent of the
Stiles-Crawford effect The artificial pupil was fixed 0.2
to 0.3 inches before the eye of each observer, and on line with
the optic axis.

Initially a 2 mm, artificial pupil was selected for
these experiments, but it was noticed that when viewing an extended
surface of uniform luminance through this aperture, the surface
appeared to have several distinct areas differing in apparent
luminance. The appearance of the field visible through the
artificial pupil may be described as follows: There was a fuzzy
penumbra region just inside the circular limit of the visible
field. There was an annulus of greater apparent luminance and
then a central area of lower apparent luminance. The central

9
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area of lower apparent luminance was comparatively. small with

the 2 mm. pupil but was enlarged by use of a 1 mm. artificial
pupil. The 1 mm. pupil was selected for use in the experiment,
since it was considered expecially undesirable for the boundary
between the central dark area and the brighter annulus to fall

near the test target. With the 1 mm. pupil, this boundary was
separated from the nearest edge of the test target by at least

10 degrees., However, the target definitely fell within the central
zone of lower apparent luminance.

This effect of an artificial pupil has apparently never
been reported and considerable exploratory experimentation was
required to determine the basis for the observed effect. It was
found that the effect could be duplicated in an entirely physical
way, with an ordinary spherical lens being used in place of the
eye. The phenomenon was shown to be absent with an aperture
placed at the first principal point of the lens (. paralleling the
case of the natural pupil of the eye); . it was present with the
aperture placed about four to six inches before this (paralleling
the case with the artificial pupil). Kincaid and Blackwell
(Ref, 8) have shown that the effect is apparently due to the
presence of spherical aberration in the eye. The annulus of
light surrounding the darker inner disc represents an excessive
accumulation of light due to the fact that these rays are more
nearly in focus than are the rays arriving at other points on
the retina,

The refractive condition of the eye of each observer
was determined under the conditions of the experiment by a method
outlined by Ogle (Ref. 9). An "oculometer" was used to measure
dynamic refrpction with the stigmatoscopic technique. Measurements
were made with this apparatus under conditions identical with
those of the experiment proper, with the exceptions that a stigma,
or point of light appeared in the apparent location usually
occupied by the target. The stigma was seen by reflection from
a half-silvered mirror located in the oculometer. The principal
oculometric measurements were made with a 2 mm, artificial pupil
to increase the precision of measurement, since the depth of focus
of the eye is considerabie with a 1 mm. pupil. There is no
a priori reason to expect there to be a difference between
refractive error with 1 and 2 mm. pupils. Moreover, a crude
check was made by obtaining oculometric readings first with
the 1 and then with the 2 mm, pupil. No systematic differences
were found.

Oculometric readings were taken at each of two background
luminances: 10 ft.-L. and zero. There is no a priori reason
to expect differences in refractive condition as a function of
background luminance, and indeed none were found to exist.

10
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The basic oculometric procedure may be described as
follows: the observer fixates the orientation spots situated
10.8 feet from the eye and observes changes in appearance of
the bright stigma centered among them. The assembly which houses
a tungsten lamp, stigma, and reduction filters in the oculometer
is movable along the optic axis parallel to a scale. The distance
from the eye to the field lens-is made equal to the focal length
of the latter, making possible a linear scale calibrated in diopters
whose modulus is determined by the dioptric strength of the field
lens. (The zero point of the scale corresponds to the point at
which the stigma-to-lens distance is equal to the focal length
of the field lens and the image is at infinity.) Using the
method of limits, the observer adjusts the position of the lamp
housing until the stigma appears to have minimum size. A mean
of many such settings, translated into diopters by the affixed
scale, reveals the refractive state of the eye. Accommodation
on the stigma would give a spurious result. This possibility is
precluded by causing the lamp to flash intermittently, the "off"
period being sustained considerably longer than the "on".

The discrepancy between the mean of these oculometric
settings and the theoretical "normal' refractive state; o0fothe
eye (-0.33 diopters) at this distance represents the refractive
"error" of each observer. From refractive errors, it is possible
to compute refractive corrections. Oculometric measurements
were repeated after corrections were made. This procedyre
was continued until the refractive state of the eye as measured
by this method closely approximated -0.33 diopters.,

Results of the oculometric measurements are presented
in Table I. We note that one observer obtained neglifible
refractive errors with corrections. The three observers used
the indicated corrections during the experiments.

Although the method described can be used to give a
measure of the astigmatic error, it was not considered sufficiently
sensitive for specification and correction of the cylindrical
errvor noted in one observer. Accordingly, the method of Tait,
using a Stenopaic slit was employed in this instance. This
method involves determining the refractive error in each of
several meridians by a subjective technique. The observer
reports on the least positive correction which gives clear
imagery in each meridian and the astigmatic error is computed
from the difference between the most different meridians.

11
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IT1  RESULTS

Threshold values resulting from the probit analysis of the experi-
mental proportiong are available for each observer for each of the two
targets. The data for the 1 minute target are presented in Tables II, III,
1V, and V; data for the 45 minute target are presented in Tables VI, VII,
VIII, and IX. In each case;, the symbols have the following meanings.
Values of A°B represent target luminances for which p' =z .50, Values of
oA°B represent the standard errcrs of the values of A°B, Values of ¢
represent the standard deviations of the normal frequency distributions
upon which the ogives were based, Values of oy represent standard errors
of the values of ¢, Values of X° have the usual statistical meaning, as
do values of d.f., Values of P(X2) represent the probabilities that values
of X2 as large as those obtained, or larger, could have occurred by chance.
Values of VR, the '"variability ratlos', are obtained by dividing o by A°B.
Values of oVR represent standard erroxrs of these quotients. The data
represent in all more thamn 38,000 observations.

The threshold values are presented in Figure 3 - 10 as functions
of log background luminance, There is a separate graph for each observer's
data obtained with each target size. An horizontal line has been used in
each figure to fit the experimental data for the smallest values of backe-
ground luminance and for zero., Fit of the data to these lines represents
the fact that A B is equivalent for zero and for various small values of
background luminance. Such a relation means that there is no photosensi-
tization by white light, It is apparent that the eight sets of data fit
the horizontal lines adequately over a congsiderable range of values of
background luminance, Hence, there is considerable evidence against the
postulation of a photosensitization effect.

Values of o/A°B or VR are presented in Figures 11 and 12, as a
function of log background luminance. A separate graph is presented for
each target size, representing the averages of the data from the four
observers, An horizontal line has been drawn in on Figures 11 and 12 to
facilitate evaluation of the extent to which o/A°B has the same value at
all values of background luminance. The data points are quite scattered
and it is difficult to detect a trend with respect to background luminance,
There is a suspicion that the value of o/A°B decreases at the highest
background luminance levels,

The hypothesis that o/A°B does not depend upon the background
luminance was subjected to statistical test by means of a X2 test based
on measures weighted for reliability. The results of this test are
presented in Table X. The probability of X2 values in the table represent
the expectation that a value of X2 this large or larger will occur by
chance alone, It may be seen that, with two or possibly three exceptions,
the data may not be represented as arising from a single universe, On
a purely statistical basis, them, we must reject the hypothesis that
o/A°B is constant,

12
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It must be added that the test applied in this case is not
entirely fair to the hypothesis; it represents an extremely conservative
estimate of the probability, since the deviations of o/A p from their
central value may presumably vary due to day~to-day variability of thres~
hold data.

The fact remains that values of o/A°B are remarkably constant
as background luminance varies over a considerable range. Values of the
ratio also appear to be equivalent for the two target sizes, This fact
confirms the result reported elsewhere (Ref. 10) by one of us. The
apparent constancy of VR is of considerable practical and theoretical
significance.

We may inquire to what extent the probit analysis was justified
by the goodness of fit of the data. Data for each observer were tested
for the goodness of fit of each set of data to its normal ogive, using
the X2 test of conformity. These values of X2 appear summed at the bettom
of the individual data tables. The probabilities of values of X2 this
large or larger for each of the eight sets of data are as follows: ,l9,
259, AT, 023, 0T5; .19, .87, 0Tk, Considering the severity of this
test, we may consider the agreement of experimental data to theoretical
ogives to be excellent and the probit analysis to be entirely justified.

13
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IV, DISCUSSION

The main experimental data of the present study have revealed
that the threshold luminance increment is equivalent for total darkness
and for a variety of low background luminance levels. Thus, there is
no evidence that the human fovea can be photosensitized by small amounts
of white light., There is no conceivable basis for expecting to improve
foveal vision on dark nights by the addition of a small amount of veiling
white light covering the entire retinae,

These results also suggest that there is absolutely no basis
for the usual assumption that the '"absolute threshold" differs qualita-
tively from the ''difference threshold", The eye operates as a detector
in the same manner when the background is totally dark as when it has
a very low luminance. Furthermore, the threshold luminance difference
increases as background luminance is increased in a smooth and continuous
manner, This result will prove useful in the development of a general
theory of visual detection,

1k
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TABLE I

Refractive Data from the Oculometer

(piopters)
Uncorrected Corrected Strength of
Observer Error Error Ophthalmic Lens
AKX -0.66 -0,33 =0.375
OTL =L L6 -0.37 -1 ,00
HF -0.76 -0.31 -0.375; -0.75 at 165°
LP -0.3k4 ——-
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TABLE X

Differences in VR

Observer Experiment X2 d.f. P(x°)
AK 1 52 .4 19 ,000131
AK 11 65.2 11 .000002
HF 1 27.6 19 .083h
HF 1I T.30 11 .T99
LP I 50.2 19 .000131
LP 1I 50.9 12 000001
OTL 1 48,6 18 .000075
OTL 11 6.6k 11 .T99
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"Fig. 6. Threshold data from Experiment I.
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Fig. 8. Threshold data from Experiment II,
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Fig. 10. Threshold data from Experiment II.
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Fig. 11. Psychophysical parameters from Experiment I,
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Fig. 12. Psychophysical parameters from Experiment II.

51






