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SlNCE 1959, the Illuminating Engineering Society
has evaluated illumination needs of different visual
tasks in terms of a system developed by Blackwell!
which involves standard performance data for a 4-
minute luminous disc task exposed for one-fifth sec-
ond, and a method of evaluating the difficulty of vari-
ous other tasks in terms of a disc task having equiva-
lent visibility. During the past decade, considerable
effort has been devoted to verification, validation, and
extension of the method.? All this work has involved
the use of test observers believed to possess near opti-
mal visual performance potential. The observers were
drawn nearly exclusively from the population of univer-
sity students in their twenties without any known ocular
abnormality or visual impairment.

In the original conception of the experimental plan
of this work, the so-called “normal young adult observ-
er” was chosen for the following reasons: The popula-
tion of such observers was believed to be more nearly
homogeneous than the population as a whole, thus re-
ducing the number of observers needed to obtain an
estimate of the average visual performance potential of
the group under study. This group of observers was
believed to have the greatest visual performance poten-
tial of any group to be found in the population. Thus,
illumination needs based upon such a group would
represent a conservative estimate for the population as
a whole. Finally, observers in this group were most
readily available for the research studies conducted by
Blackwell and his colleagues, all of which have been
carried out in University laboratories.

Some years ago, the present authors began a com-
prehensive effort to extend these visual performance
data to include a larger portion of the population as a
whole. As in the case of the young adult observers, the
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Visual Performance Data for
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task has involved use of the 4-minute luminous disc,
presented for a one-fifth-second exposure duration.

Early studies by Weston,® Balder and Fortuin,* and
Guth® had shown that visual performance is reduced as
observer groups increase in age. Thus, in planning our
study, we had every reason to expect to find differences
in visual performance with our standard task which
were correlated with age. Our own view was that age
itself does not alter visual performance potential.
Rather, increasing age is accompanied by abnormali-
ties in the physiology of the eye and visual system
which reduce visual performance potential. Some of
these abnormalities exist to some degree in the young
adult and become more pronounced with age. Others
develop most commonly with advancing age. Thus, the
population as a whole may be conceived as possessing
a distriblution of abnormalities differing in kind and
amount, all of which influence visual performance to
some extent. Assessing such a population requires very
large numbers of observers if they are selected ran-
domly. We have chosen to reduce the magnitude of the
task of assessing the population by taking non-random
samples selected on the basis of our knowledge of the
characteristics of the population as a whole.

The present study has been limited to 156 observers
of ages varying from 23 to 68 years. All observers are
classified as “normal,” signifying that they were free
from ocular defects discernible under the usual clinical
examination.

Our original classification of an observer as “nor-
mal” required him to have a visual acuity of 20/20
with or without refractive correction. However, we re-
considered this decision when we discovered how few
people over the age of 20 are actually corrected to
20/20 acuity. Accordingly, we made a small study in
which we compared visual performance as a function
of luminance for a few observers with their visual acu-
ity corrected in the usual manner as compared with
the performance of the same observers corrected more
carefully to 20/20. We found that visual acuity re-
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Figure 1. Scatter plot for background luminance:

5x 102 x (1 fL or 3.43 cd/m?2).

duced to 20/30 had no eflect on the results in our ex-
periment, but that a reduction to 20/40 did cause a
reduction in visual performance. Therefore, we includ-
ed observers with 20/30 visual acuity in our study and
eliminated all data obtained on observers with lower
acuity. Such normal observers become increasingly
rare as aging advances. Thus, we cannot claim that our
observer groups represent “average” observers of dif-
ferent age groups. Rather, they almost certainly repre-
sent observers of the different age groups having opti-
mal visual performance potential for each age.

Our long-range research plan necessitates study of
the effect different abnormalities of the eye and visual
system have on our visual performance measure. Once
these data are complete, we may use medical statistics
on the incidence of abnormalities to estimate the visual
performance potential of various age groups. Final-
ly, we may use the population frequencies of the differ-
ent age groups to estimate the visual performance po-
tential of the population as a whole.

The early studies of normal young adults were made
with a laboratory procedure developed by Blackwell,®
known as the forced-choice method. This method has
been shown to be a very sensitive and stable measure
of visual performance potential. However, it is ex-
ceptionally time-consuming. Hence, it was obligatory
that we utilize a much less cumbersome procedure for
the study of the comparatively large groups we re-
quired for the present purpose. After some experimen-
tation, we fell back on the classical method of adjust-
ment to threshold as most suitable for our purpose. We
have carried out special data analyses to relate the data
obtained by this method with data obtained by the
forced-choice method. As we shall see, it is possible to
“graft” our new experimental data onto the existing
body of data for the 4-minute disc task.

THE MAIN STUDY
Procedure

For each of our selected observers we obtained a
curve of threshold contrast as a function of background
luminance over a range from 0.001 to 500 fL (0.003
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Figure 2. Scatter plot for background luminance:
102 x (1 fL or 3.43 cd/m2).

to 1710 cd/m?). This was necessary to allow us to
check the shape of the function relating these variables.
In order to do this we used an instrument of our own
design called the Discriminometer. The following are
those characteristics which are relevant to the present
study. The observer sits in an enclosed booth with his
chin on a chinrest and his forehead on a forehead rest
and views a white translucent screen three feet (0.91
m) away, 17 inches high by 13 inches wide (43 by 33
cm), at the end of an enclosed box painted white.
This screen is illuminated by a projector mounted out-
side the box to provide a circular background of 20°
visual angle. Onto the center of this screen a disc 4
minutes in visual angle is produced by transillumina-
tion through the back of the screen. Its color is
matched to the color of the background by use of a No.
5900 Corning filter. A shutter provides a one-fifth sec-
ond exposure of this incremental disc or target every
one and two-thirds seconds. A click indicates when the
disc is presented. To ensure foveal fixation, a diamond
pattern of four small bright spots is projected onto the
screen, centered on the location of the target. These
fixation lights are separated from the target by 24.3
minutes visual angle, a distance determined by previ-
ous experiments to be in the range of those providing
the most stable fixation without affecting the visibility
of the task. The luminance of the fixation lights can be
varied by adjustment of a continuous neutral density
wedge under the control of the observer. The lumi-
nance of the target is varied by a linked double linear
wedge of Chance glass whose density is linear over a
range of about nine log units. This wedge is under the
control of either the experimenter or the observer. In
the present experiment, the ohserver adjusts the wedge
continuously to maintain the target at threshold visi-
bility as background luminance varies. The total range
of adjustment covers about three log units of the wedge
over the entire range of background luminances
studied.

The luminance of the background is also varied by a
linked double linear wedge of Chance glass, but this
wedge-is motor-driven over a range of 5.7 log units
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Figure 3.' Scatter plot for background luminance:
101 x (1fL or 3.43 cd/m2).

required for our experiment. A switch allows a reversal
in direction of movement of the wedge so that the
luminance of the background can start at either the
highest or lowest level and stop at the opposite end.

The speed of the motor and therefore the rate of
change of the luminance of the background was deter-
mined by an experiment designed to indicate what rate
of change in the background luminance produces the
same increment thresholds as separate states of equi-
librium adaptation. To do this we obtained thresholds
for a number of fixed background luminances to which
observers were completely adapted and compared these
to the increment thresholds of the same observers when
the luminance of the background was changing at dif-
ferent rates. By means of these preliminary experi-
ments we developed our standard procedure which calls
for five minutes of adaptation by the observer to the
highest background luminance, approximately 500 fL
(1710 cd/m?), followed by a period of 30 minutes
over which the motor reduces the background lumi-
nance, 5.7 log units. Then the motor is reversed and
the background is gradually increased in luminance
over a period of 30 minutes until it returns to its initial
level.

The output of a potentiometer linked to the back-
ground wedge is fed into the x-axis of an x-y plotter
which has been calibrated to plot on graph paper the
log luminance (fL) of the background directly. The
target or increment wedge feeds into the y-axis of the
x-y plotter and is also calibrated to plot the log lumi-
nance (fL) of the increment. Thus the experimenter
can observe a continuous plot of the observer’s re-
sponse throughout the whole test.

The observer is seated in the booth where the seat
level and chin and arm rests are properly adjusted so
that he can look straight at the screen with both eyes.
He wears whatever correction he needs for the three-
foot distance of the screen as indicated by the ophthal-
mological examination. The machine is turned on and
he is instructed as follows: “Look directly at the small
flashing light in the center of the four fixation lights.
Adjust the luminance of the small flashing light until
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Figure 4. Scatter plot for background luminance:
100 x (1 fL or 3.43 cd/m2).

you can just barely tell there is something there. You
don’t have to.be able to tell anything about it except
that there is something there. During the test the back-
ground will very gradually darken and this will make
the flashing light easier to see. For this reason, you
will have to adjust the luminance of the flashing light
continually in order to keep it as dim as possible and
still just be able to tell there is something there. If you
make it too dim, turn the knob to make it brighter. If
you make it too bright, turn the knob to make it dim-
mer.

The observer is then allowed to adjust the luminance
of the flashing disc to his threshold while he is adapt-
ing to the background luminance. The sequence of the
test is explained and the observer is instructed to dim
or brighten the fixation lights to keep them clearly visi-
ble but not too bright. Reminders are given throughout
the test.

The standard protocol is followed: namely, five min-
utes adaptation to the highest background luminance, a
signal warning the observer to begin adjusting the
luminance of the disc to threshold, and 30 minutes of
motor-driven reduction of the background luminance
by 5.7 log units. The subject is warned, the machine is
reversed, and then the background luminance is grad-
ually increased over 30 minutes until the original lumi-
nance is reached.

As noted, the observer’s adjustment of the luminance
of the incremental disc is continuously recorded as a
function of the log luminance of the background. The
resultant data consist of two continuous curves of the
observer’s increment threshold in log fL as a function
of the luminance of the background in log fL, one ob-
tained for a gradually decreasing background lumi-
nance and one for a gradually increasing background
luminance. An average curve is drawn through each of
these. Log increment threshold values are then read off
at discrete background luminance values of 0.5-log
unit intervals except for the two highest values which
are 0.2 log units apart. These values are averaged for
the two curves and then are converted to threshold con-
trast values by the formula according to Blackwell”:
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Figure 5. Scatter plot for background luminance:
10—-1 x (1 fL or 3.43 cd/m32).

AL
C =— —— where C is the contrast, AL is the incre-
L
mental luminance of the disc and L is the luminance of
the background. Thus the data for each observer take
the form of a curve plotted from a series of values of
log C as a function of log L representing an average of
two initial curves.

Results

The observers were divided into age groups of 10-
year spans as follows: 20-30, 30-40, 40-50, 50-60, 60-70.
Tables were made of values of the average log thresh-
old contrast for each observer at each of the above-
described discrete values of log background luminance.
These log values were averaged, giving a geometric
mean for each age group, thus minimizing the effect of
extreme values on the mean. The values obtained in
this way were subjected to a slight correction based
upon the properties of the distributions of individual
values as explained subsequently. The corrected mean
values were used to construct curves showing the re-
sultant log threshold contrast as a function of log back-
ground luminance for each age group. Scatter plots of
the individual values of log threshold C were also con-
structed at selected log background luminances cover-
ing the whole range. It should be noted that the num-
ber of observers in each of our arbitrary age groups is
not equal and, indeed, only for the age group 20-30 do
we feel that we have enough data to consider our re-
sults a valid estimate of the “normal” population in
that age span. Qur evidence for this is discussed be-
low. In spite of this limitation on our data, we believe
it is useful to present our results now as the best esti-
mates we have of the change in our measure of visual
performance with age. Our data collection program on
ages other than 20-30 is continuing, and any revisions
in these estimates of the age-group populations will be
reported when available.

Figs. 1 through 7 show individual log threshold con-
trast values for selected background luminances, sepa-
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Figure 6. Scatter plot for background luminance:
10—2 x (1fl. or 3.43 cd/m2).

rated by log unit intervals except for the highest lumi-
nance tested. The small dots represent the individual
log threshold contrast values for each observer plotted
at the appropriate age in years. The large X’s repre-
sent the correct geometric means for each age group
plotted at the average age for that group. The solid line
represents the log threshold contrast obtained on 35
normal young adults age 20-30 by the forced-choice
method of psychophysics for the indicated background
luminance. The data used here are those summarized
by Blackwell and Taylor® and represent the most up-to-
date estimated means of these threshold values based
on approximately 500,000 observations and considered
to be final data by these authors. The individual data
points on our scatter plots clearly show that individual
differences are large, that they are larger for the older
age groups, and that they become larger for all age
groups as the background luminance is reduced below
one fL, (3.4 cd/m?). A glance at the X’s shows that the
average log threshold contrast increases with age at all
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background luminances, but that age groups 30-40
(average age 35), and 40-50 (average age 44.3) are
approximately equal in visual performance at 500- and
100-fL. background luminance. Age group 40-50 shows
a gradual departure from the 30-40 performance level
as background luminance decreases to our lowest level,
0.001 fL. (0.003 cd/m?), indicating lower visual per-
formance potential for these observers.

All the individual data points except two, and all the
average threshold contrast values lie well above the line
representing the Blackwell-Taylor threshold contrast
for- each background luminance. This result was ex-
pected since the Blackwell-Taylor threshold contrasts
were obtained by the forced-choice procedure. This
psychophysical method has been shown by Blackwell®
to yield substantially lower thresholds than any other
method. In fact, most of the observers in experiments
involving this method think they are seeing nothing at
the threshold level. The method of adjustment which
we used in this study is much more closely related to
common-sense seeing as described by Blackwell,! and
would be expected to give higher threshold contrasts
even for those observers in the same age group, namely
20-30. This effect is most clearly demonstrated in Fig.
8. Here we have a direct comparison between the aver-
age threshold contrast curve obtained by our 68 nor-
mal observers in the 20-30 age group using our method
of adjustment and the threshold contrast curve repre-
sented by the Blackwell-Taylor forced-choice data for
the same age group. The X’s represent the means for
our observers. The solid line represents the Blackwell-
Taylor threshold curve. The dashed line represents the
Blackwell-Taylor threshold curve moved upwards on
the task contrast scale to best fit the data. As can be
seen, the curve fits the data exactly when each value of
task contrast is multiplied by a factor of 2.51. This
means that there is a sizeable difference between the
common-sense criterion of seeing represented by our
method of adjustment and the laboratory forced-choice
procedure. Yet the functional relationship between task
contrast and background luminance is the same when
studied with the two methods except for a constant of
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Figure 9. Comparison of the threshold contrast data
for age group 30-40 years with the curve for age
group 20-30 years using the psychophysical method
of adjustment.

proportionality. We will delay relating the factor of
2.51 to a “common-sense seeing factor” until a subse-
quent section of this report.

In view of this difference between the method of ad-
justment and forced-choice data, we may evaluate the
loss in visual performance related to age most simply
by using our own method of adjustment data for the
20-30 age group as a baseline of comparison for the
data obtained by the same method with older observ-
ers, as has been done in Figs. 9-12. In each of these
figures, we have presented the method of adjustment
data for our 68 observers age 20-30 as a solid curve.
The X’s represent the average threshold contrasts for
the age group indicated on the graph. The dashed line
represents the 20-30 threshold curve translated upward
to make the best fit to the threshold contrasts for back-
ground luminances above 0.29 fL. (1.0 ¢d/m?2), that is,
those luminances considered important in the specifica-
tion of interior illumination. In so far as the data
points can be fitted by the standard curve translated

25 Normal Observers

40-50 Year Age Group

Task Contrast
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Figure 8. Comparison of the threshold contrast data
obtained by the psychophysical method of adjustment
with the curve obtained by the forced choice proce-
dure for the same age group.
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Figure 10. Comparison of the threshold contrast data
for age group 40-50 years with the curve for age
group 20-30 years using the psychophysical method
of adjustment.
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Figure 11. Comparison of the threshold contrast data
for age group 50-60 years with the curve for age
group 20-30 years using the psychophysical method
of adjustment.
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Figure 12. Comparison of the threshold contrast data
for age group 60-70 years with the curve for age
group 20-30 years using the psychophysical method
of adjustment.
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differences in visual performance for different age
groups at selected background luminances.
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upward, to that extent can the effect of age be de-
scribed by a simple multiplicative factor applied to the
standard method of adjustment data for normal young
adults. Indeed, in Fig. 9 we see that the data for our 22
normal observers in the 30-40 year age group are well
fit by simply multiplying the 20-30 group standard by
a factor of 1.17, meaning that these observers of age
30-40 require 1.17 times the contrast to see as well as
the 20-30 year-olds at the same luminance level. Fig.
10 shows the same comparison for our 25 observers age
40-50. Here the factor is 1.20. The curve fits the data
well except at the lowest background luminances which
are of no interest in the specification of interior illumi-
nation levels. Fig. 11 shows a factor of 1.86 for the 24
observers age 50-60, but here we see a definite change
in the shape of the curve as compared to the 20-30 age
group, although this is most pronounced at the lower
luminances and may still be close enough to the same
shape above 0.29 {L to allow us to use a single multi-
plicative factor for engineering purposes. However, the
data for our 17 normal observers in the 60-70 age
group in Fig. 12 definitely are not at all well fit by the
standard curve. The best fit produces a result showing
that these observers require 2.51 times the contrast to
see as well as the 20-30 year-olds at levels of interior
illumination. However, if the complete lack of parallel-
ism of the two curves is verified when more observers
are studied, it will probably not be possible to correct
for the effect of this much difference in age by a single
multiplication factor.

Fig. 13 presents samples of these data in another
way. Here are plotted values of the multipliers required
to allow for differences in visual performance related
to age at selected background luminances. As was ap-
parent both from the scatter plots of Figs. 1 to 7 and
the curves of Figs. 9 to 12, the contrast multiplier in-
creases with age and increases more the lower the level
of background luminance. The fact that the data points
in Fig. 13 do not cluster together into a single curve
reveals the dependence of the contrast multiplier upon
luminance, and raises a question as to the validity of
the contrast multiplier concept we have used for some
years, used also more recently by Guth and McNelis.!
Of course, the failure of the data points to fit the
dashed curves in Figs. 10 to 12 illustrates this in an-
other way. Fig. 13 shows clearly that the contrast multi-
plier concept is reasonably valid for ohservers of age
less than 60 years, for background luminances above
0.1 fL. (0.34 c¢d/m?). Outside these limits, the concept
is questionable.

Fig. 14 presents values of the contrast multiplier de-
rived from the method of curve fitting shown in the
dashed-curve constructions of Figs. 9 to 12. It will be
recalled that the dashed curves were fitted to the data
points at luminances above 0.29 fL. (1.0 cd/m?), so
that these contrast multipliers represent average values
for all luminances equal to 0.29 {L. and above. (These
values agree generally with values obtained by averag-
ing appropriate data presented in Fig. 13 as they
should.) We see that the contrast multiplier varies
rather slowly with age up to age 45 years, then shows
a very rapid increase with further increases in age.

JOURNAL OF IES/OCTOBER 1971
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Figure 14. Contrast multipliers required to fit the
20-30 year age group threshold contrast curve to that
for other age groups at background luminances of
interest in illumination specification.

To this point, we have considered only the average
visual performance data for observers in each of our
age groups. We may examine the data for individual
members of each age group in order to estimate varia-
tions to be expected in the population of observers of
various ages. The procedure may be described as fol-
lows: At each luminance, consider the mean value of
log threshold contrast plotted in earlier figures as an
estimated mean. Compute the value of the difference
between the log contrast obtained by a given observer
at a given luminance and the estimated mean for his
age group, at that luminance. Tally a cumulative fre-
quency distribution of these values of A Log Contrast.
Plot the cumulative probabilities of occurrence as a
function of A Log C on “probit paper” which converts
a normal frequency function to a straight line. Fit a
straight line to the data by eye. Read off the mean
value of A Log C corresponding to a probability of 50
per cent. Compute the value of the standard deviation,
0109, Trom the slope of the straight line.

The value of A Log C corresponding to a probability
of 50 per cent will approach zero, but will usually de-
part by .01 to .03 log units. This signifies that the orig-
inal estimated mean obtained by averaging values of
log threshold contrast is not the best estimate of the
population mean for that luminance, but requires cor-
rection by the value of A Log C obtained. Once this
correction has been made in the absolute value of
mean Log C, then the cumulative frequency data and
the curve fitted through them may be considered shift-
ed on the probit paper so that the curve passes through
A Log € = 0 at 50 per cent probability. Then antilogs
of the values of A Log C represent contrast multipliers
for different proportions of the population.

As noted earlier, this process was followed in deriv-
ing the values of corrected mean Log C plotted in Figs.
1to 7 and 9 to 12. In these cases, the cumulative fre-
quency distributions represented combined frequency
data obtained at all 13 luminance levels for which data
exist. Thus, all data points have been corrected with a
single constant and the form of the curve relating log
threshold contrast to log background luminance has

JOURNAL OF IES/OCTOBER 1971

20-30. Year Age Group

68 Normal Observers

[
—

)
T

(=]
T

o of Logarithmic Normal Distribution

1 L 1 : 1 2 : )
w0 16 162 16! 10° 10’ 10° 10 10"
Background Luminance x | fL or 3.43 cd/m?

Figure 15. Variability among observers of age group
20-30 years as a function of background luminance.

not been altered by the correction process.

We have not assumed that the extent of variation
among different observers in a given age group is in-
dependent of luminance since, as noted in the discus-
sion of Figs. 1 to 7, there appears to be greater spread
among observers in a given age group the lower the
luminance. We have analyzed data for the 20-30 year
age group to determine the quantitative character of
the dependence of observer variability upon luminance.
Since there were 68 observers in this group, we could
analyze the variability data separately at each of the 13
levels of luminance, fitting a probit line to each by the
method described above. The results of this analysis
are shown in Fig. 15. As can be seen, the value of oy,
increases as the luminance decreases and although this
happens over the whole range of luminances, it hap-
pens much more rapidly at luminances below 0.1 fL
(0.34 ¢d/m?). The dotted line on the graph indicates
the curve which would have resulted had there been a
continuation of the rate of change of o, with decrease
in luminance found at the higher luminances. Indeed,
this is a precise way of showing what was obvious in

68 Normal Observers 20-30 Year Age Group
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Figure 16. Proportion of the population of observers
in age group 20-30 years requiring given contrast
multipliers to provide equal visual performance to
the average of their age group.
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Figure 17. Proportion of the population of observers
in age group 30-40 years requiring given contrast
multipliers to provide equal visual performance to
the average of their age group.

the scatter plots of the individual data in Figs. 1
through 7.

We conclude that our analysis is most simple and
direct when we combine the data obtained at the high-
er luminances, at which ¢y,, does not change so rapidly
with luminance. For consistency with the method used
to construct the dashed curves in Figs. 9 to 12, we have
pooled data on observer variability for luminances
equal to 0.29 (1.0 cd/m?) fL. and above. The result
is a single cumulative frequency distribution for each
age group, represented by a straight line on the probit
plot. We may derive numerical values for this best-
fitting cumulative frequency distribution either by
reading values from the probit graph or by computing
values from published tables and the value of ¢y, cor-
responding to the probit line fitted through the data. In
either case, we plot the cumulative probability as a
function of the antilog of A Log € and identify this
quantity as a contrast multiplier. Figs. 16 to 20 result
from this process. Each shows the cumulative proba-
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Figure 19. Proportion of the population of observers
in age group 50-60 years requiring given contrast
multipliers to provide equal visual performance to
the average of their age group.
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Figure 18. Proportion of the population of observers
in age group 40-50 years requiring given contrast
multipliers to provide equal visual performance to
the average of their age group.

bility as a function of the contrast multiplier for ob-
servers in a given age group. The X’s are the cumula-
tive probabilities computed from the data; the solid
curves are the normal frequency functions represented
by the probit line fitted to the data points. Since the
probability data were found to be described by normal
frequency functions in terms of A Log C, the solid
curves in Figs. 16 to 20 are skewed on a linear scale
of the contrast multiplier. Data points fit the smooth
curves reasonably well, especially for the age groups
having the largest numbers of observers in the sam-
ples studied.

The meaning of the curves of Figs. 16 to 20 may be
described as follows: use of average contrast data for
observers of a given age group provides exactly 50 per
cent of the observers in this group with the level of
visual performance defined by the task required of the
observers. Contrast multipliers may be used to compute
the levels of task contrast needed to provide different
proportions of the population of observers in a given

60-70 Year Age Group
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Figure 20. Proportion of the population of observers
in age group 60-70 years requiring given contrast
multipliers to provide equal visual performance to
the average of their age group.

JOURNAL OF IES/OCTOBER 1971



Average Data for 156 Normal Observers of Different Age Groups
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Figure 21. Observer variability as a function of age.
Sigmas of the log normal distributions have been cor-
rected for sample size to provide an estimate of the
population of a given age group.

age range with this standard level of visual perform-
ance. Contrast multipliers less than one provide this
level of visual performance to less than 50 per cent of
the observers in the age group; contrast multipliers
greater than one provide the performance level to more
than 50 per cent of the observers. A contrast multiplier
may be selected to provide the standard level of visual
performance to as few or as many observers in a given
age group as desired by direct reference to the solid
curves in the figures.

Fig. 21 presents values of oy, as a function of aver-
age age. These values represent estimates for the entire
population of a given age group derived from our data
on a sample of observers from the relationship:

Tlog = G10eV/N/N — 1 (€))
where 0,, is the obtained value;
N is the number of observers in the sample; and
0104 is the estimate of the population value.

The data points in Fig. 21 show in general the effect
noticed in the scatter plots of Figs. 1 to 7, namely the
increase in observer variability as a function of age.
The decrease in oo, for the age group 60-70 is unex-
pected. A possible explanation is that by this age many

subclinical ocular defects which may be causing the
variability in the younger age groups have become
manifest. Since we have eliminated these observers
from our sample, we have accordingly reduced the vari-
ability. Our future study of the underlying causes of
the decrease in contrast sensitivity with age will help
to elucidate this point.

It is possible to use the smooth curve of Fig. 14 rep-
resenting the value of the contrast multiplier as a func-
tion of age and the smooth curve of Fig. 21 representing
the value of the ¢y, as a function of age to define con-
trast multipliers for different proportions of the popu-
lation of observers of various ages just as Guth and
McNelis'® have done. These contrast multipliers are
presented in Table I for average ages varying from 20
to 65 years. The multipliers represent levels of back-
ground luminance equal to 0.29 fL. (1.0 cd/m?) and
above. Use of these values to describe our data is at
best an approximation which may be useful for engi-
neering purposes. On the basis of our earlier analyses,
the approximation appears reasonably valid for ob-
servers younger than 60 years of age.

THE SUPPLEMENTARY STUDY*

Fig. 8 has presented a comparison between data ob-
tained with our method of adjustment and data ob-
tained by Blackwell and Taylor® with the forced-choice
procedure, all observers being in the 20-30 year age
group. The target was a 4-minute luminous disc, pre-
sented for one-fifth-second exposures. As noted above,
comparison between these two sets of data provides a
measure of the factor relating common-sense seeing to
laboratory forced-choice visual performance. As shown
in Fig. 8, this factor is 2.51, representing the contrast
multiplier required to correct the differences between
the two procedures. Blackwell® reported a factor of 2.40
for the contrast multiplier required to convert from
threshold contrast values obtained with the laboratory
forced-choice procedure to contrast thresholds obtained
by naive observers using a “Yes-No” response. These
two factors are quite similar. However, before conclud-

*The authors are greatly indebted to Mrs. Kathryn Heft who
was responsible for collection and preliminary analysis of the
data of this study.

Table 1—Contrast Multipliers for Different Portions of the Normal Population

Average Age (years)

509, 60%
20 1.00 1.09
25 1.00 1.09
30 1.02 1.12
35 1.07 1.18
40 1.17 1.30
45 1.34 1.50
50 1.58 1.78
55 _ 1.90 2.16
60 2.28 2.62
65 2.66 3.09

Percentage of Population Included

70% 80% 90% 95%
1.20 1.34 1.56 1.76
1.20 1.34 1.56 1.76
1.23 1.37 1.60 1.82
1.30 1.47 1.73 1.98
1.44 1.64 1.96 2.27
1.68 1.93 2.34 2.74
2.03 2.35 2.88 3.42
2.48 2.91 3.64 4.37
3.03 3.59 4.57 5.56
3.61 4.33 5.59 6.92
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ing that this confirms the original value let us examine
the precise comparisons involved.

In the original experiments, 70 observers in the 20-
30 year age group were required to detect the presence
of an 18.5 minute luminous disc presented for 0.072
second seven degrees from the line-of-sight at a back-
ground luminance of 4.71 {L. (16.1 ¢d/m?). Single ex-
posures were used. Initially, naive observers were re-
quired to respond “Yes” when they saw the target and
“No” when they didn’t. The threshold was taken as the
value of target contrast at which the Yes response oc-
curred 50 per cent of the time. These same observers
were subsequently trained in the laboratory forced-
choice method and the values of target contrast deter-
mined at which they made correct forced-choice re-
sponses 50 per cent of the time after allowance for
chance. The commonsense factor of 2.40 was the aver-
age ratio of the first contrast divided by the second.
Observers were the same, and in each case observers
had to respond to single target presentations.

In contrast, the comparison in Fig. 8 involves two
populations of observers in the same age group, 35 of
whom used the forced-choice procedure and 68 of
whom used the method of adjustment. Single one-fifth-
second presentations were used with the forced-choice
procedure which represents a variant of the classical
method of constant stimulus, but trains of one-fifth-
second presentations were involved with the method of
adjustment procedure. In the latter procedure observ-
ers did not use any kind of verbal response which could
be expressed as a percentage of the correct response.

Since these differences both in observer population
and experimental conditions might affect the factor re-
lating the two contrast functions of luminance, a sup-
plementary experiment was designed to permit us to
compare the two estimates of the common sense factor
more directly. A group of 38 normal observers in the
20-30 year age group was used under each of two ex-
perimental conditions. The first involved our method
of adjustment, with trains of one-fifth-second exposures
precisely as in the main study. The second was a clas-
sical method of constant stimulus involving single one-
fifth-second exposures, with the observers required to
make a “Yes” response when they saw the target and
io report “No” when they did not. This procedure du-
plicated the procedure in which naive observers re-
sponded “Yes” or “No” to the presence of the target in
Blackwell’s! experiment. The target was the 4-minute
disc, presented at a background luminance of 100 fL
(343 c¢d/m?). Unlike all previous experiments discussed
here, viewing was monocular.

The mean log threshold contrast obtained by the
method of adjustment was computed as before by aver-
aging individual values of log threshold contrast for the
38 observers to obtain an estimated mean, then correct-
ing the estimate based upon an analysis of the fre-
quency distribution of individual values. The cor-
rected mean log threshold contrast was —1.10. This is
to be compared with a value of —1.13 obtained with
the 68 normal observers in the same age group in the
main study. The mean threshold contrast was thus
seven per cent higher in the present study than in the
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Figure 22. Probability of “Yes"” responses in the psy-
chophysical method of constant stimulus for different
contrast multipliers when 50% “Yes” responses occur
at unity.

main study, a small difference probably due to the use
of monocular rather than binocular vision in the pres-
ent study.

Data from the method of constant stimulus were first
subjected to the usual probit analysis in terms of a
linear scale of target contrast, with a value of the me-
dian threshold, M, and the ¢ of the ogive given for each
of the 38 observers. The estimated mean log threshold
contrast for the 38 observers was computed as before
by averaging individual values of log threshold con-
trast, and then was corrected on the basis of a fre-
quency distribution analysis of the individual values.
The corrected mean log threshold contrast was —1.12.
This signifies that the mean threshold contrast obtained
by the method of adjustment was 4.8 per cent higher
than the mean threshold obtained by the method of
constant stimulus.

This comparison allows us to estimate the common-
sense factor to have been expected had our 68 observ-
ers who used the method of adjustment used instead the
method of constant stimulus involving naive “Yes-No”
responses. The factor separating their method of con-
stant stimulus data from the Blackwell-Taylor forced-
choice data is estimated to be 2.51 = 1.048 — 2.39.
This factor is based upon a comparison equivalent to
that made in the original study with the 70 observers
in which the factor was found to be 2.40. Agreement is
more than satisfactory.

It is of interest to evaluate the method of adjustment
criterion of common-sense seeing for trains of target
presentations in terms of the equivalent percentage of
“Yes” responses for single presentations. To do so, we
compute the average probability curve obtained by the
38 observers with the method of constant stimulus.
Probit analysis yields values of the quantity «/M which
measures the steepness of the probability curve. The
average value was 0.365. This average probability
curve is shown in Fig. 22 in terms of the contrast multi-
plier required to reach different percentages of “Yes”
responses with 50 per cent “Yes” responses occurring
at a value of unity. The contrast multiplier of 1.048
obtained with the method of adjustment data corre-
sponds to 55 per cent “Yes” responses to single target
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38 Normal Observers 20-30 Year Age Group

formance potential. Thus, our data should be regard-
ed as a conservative assessment of the visual perform-

100 ance potential of the general population from 20 to 70

90t years of age.
380} It should be emphasized that this is a study of visual
2 7o performance potential only. This is a measure of the
;,'so- o122 level of visual performance possible taking account of
B sof task visibility alone. It is measured for reference light-
& aof Legend: ing conditions; namely, diffuse illumination of the task
% s0p :m:::‘;: ‘; 2::“':;:‘:“' and uniform ]uI.ninanc‘e over the enti.re field. The ob-
8 20} Stimulus (50% Yes) server has fixation points to show him exactly where
< o} to look and hears a click which tells him exactly when
o the 1/5-second exposure will appear. To apply these
L . . . P . ) results to the specification of illumination levels, it will
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Figure 23. Proportion of the population of age group
20-30 years requiring given contrast multipliers to
provide equal visual performance to the average of
their age group. Comparison of the data obtained by
psychlophysical methods of adjustment and constant
stimuli.

presentations. It is this level of naive “Yes” responses
to single target presentations which is represented by
the method of adjustment criterion of common-sense
seeing.

The analyses of individual variations in the mean
threshold values performed on the data obtained with
the two methods permit us to plot Fig. 23. This figure
represents the cumulative frequency data for the 38 ob-
servers obtained with each method. The solid curve is

< the normal frequency function fitted individually to each
set of data on the probit graphs, plotted as in Figs. 16-
20 on a linear scale of the contrast multiplier. The data
obtained with each method fit the same skewed ogive
as well as they fit any smooth curve. This signifies that
the degree of individual variation in the threshold con-
trast is the same for naive observers whether they use
our method of adjustment or the method of constant
stimulus involving naive “Yes” responses. This result
encourages us in continued use of the much simpler
and speedier method of adjustment when studying the
visual performance potential of large numbers of
observers.

CONCLUSIONS

In conclusion, we can say that we have presented
here data on the visual performance potential of 156
“normal” observers from age 23 to 68 years, which
can be regarded as an approximate assessment of the
normal population of this age range. The data show
clearly the large differences in visual performance
capability both among individual observers of the same
age and between the averages of different age groups.
In using these data for evaluating the adequacy of
illumination recommendations in codes and standard
practices, it should be remembered that these observ-
ers represent the optima of the age groups studied and
not the average of the population as a whole, since we
have eliminated all observers with discernible ocular
defects of a clinical nature and those with visual acuity
less than 20/30. Further research is being conducted
to understand the effects of such defects on visual per-
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be necessary to study visual performance capability as
a function of age. This is a measure of visual perform-
ance which includes both task visibility and the con-
ditions of observation and response required by the
task. Clearly, visual performance capability includes
the oculomotor adjustment functions of accommeodation,
convergence, and fixation and it is by no means certain
that these functions are unaffected by age.

The results of our main study taken in conjunction
with the results of a special supplementary experiment
provide a new assessment of the factor for common-
sense seeing, a contrast multiplier used to convert from
laboratory forced-choice threshold data to thresholds
corresponding to more ordinary criteria of just barely
seeing. The value derived from the present work is 2.39,
which is in excellent agreement with the value of 2.40

reported by Blackwell! in 1959.
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