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ABSOLUTE THRESHOLD MEASUREMENTS WITH
THE DIASTEREO TEST

BY

H. W. HOFSTETTER, O. D.

Bloomington, U.S. A.

Introduction.

Recently Pardon! described an unusually simple test for screening out per-
sons who do not demonstrate binocular stereopsis. He was able to demonstrate
a virtually absolute validity and reliability of separation of subjects with and
without stereopsis. For the test distance of 5 to 6 feet, corresponding to a ste-
reopsis angle range of 36 to 51 seconds, all sujects with stereopsis made 100%
correct responses whereas all subjects without binocular vision failed to do so.

Because the criterion for passing was 100% correct responses, the conventional
or “50% accuracay” thresholds were not determined.

More recently Koetting and Mueller 2, and later Reisman 2, essentially du-
plicated Pardon’s results on slinghtly modified versions of the test, in the sen-
se that they were able to demonstrate complete response dichotomies separa-
ting those with binocular stereopsis from those without. This feature of the test
promped its identification as the “diastereo test”.

The present study differs from the above in that an attempt is made to
use the same type of test to explore the absolute threshold values among per-
sons who have binocular stereopsis. The absolute threshold, also called the
“50% accuracy” threshold, is the value at which the correct and incorrect

response probabilities are equal. In the case of the diastereo test only one out
of three possible responses is correct, whence the “50% accuracy” threshold co-

rresponds to “66 2/3% correct responses”. This relationship can be represen-
ted by the formula.

3% =1 25k 005usnl Saanai ] bus  sasibal, You(dd)
where y — % correct responses, and x = % accuracy.
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>rocedure

The diastereo test described by Pardon was further simplified for this inves-
igation. The features are shown in Fig. 1. An ordinary Ray-0-Vac. 2-cell flash-
icht was used, one that had a shield protruding forward from the edge of
he transilluminated face. This shield served to prevent shadows from laterally
located ambient light sources and it also provided protection for the protruding
discs mounted on the transilluminated face. Two aluminum discs 0.5 mm. thick
and 10 mm. in diameter were cemented in direct contact with the translucent
plastic disc serving as the transilluminated face. A third aluminum disc of the

same size was cemented on one end of a transparant plastic rod 9 mm. long
and 6 mm. in diameter, the other end of which was cemented to the plastic

traslucent face. The three aluminum discs were arranged equidistant from the
center of the face and equidistant from each other, as shown in Fig. 1. Though
the discs were in fact the gray color of aluminum, they appeared black by rea-
son of contrast when the flashlight was turned on.

" To further diffuse the transilluminating light a sheet of thin white copy pa-
per was placed behind the flat glass lens which, in turn, was directly behind
the translucent plastic layer.

In the test procedure the examiner, with one hand, aimed the flashlight to-
ward the subject’s eyes and exposed the face of the flashlight for a period of
one to two seconds by temporarily removing a large card held in front of the

flashlight with the other and. After each exposure the subject was asked to
report which of the three discs, or spots, was nearest to him. Prior to each ex-

posure the examiner rotated the flashlight randomly so that the protruding disc
would be’in one of eight positions, up, down, left, right, up and left, up and
right, down and left, or down and right. Markers on the outside of the shield
indicated these positions exclusively ‘to the examiner. Ordinary but consistent
care in aiming the flashlight toward the subject’s eyes during exposures seemed
to be adequate to prevent the subject’s use of any nonstereopsis clews. At any
time that the examiner suspected the influence of any nonstereopsis clews he
would check by having the subject cover one eye, a technique which invariably
resulted in complete loss of stereo judgment, and thus assured the examiner
that the correct binocular responses were in fact attributable to binocular clews.

The data for this report were collected by two high school seniors * on a
group (I) of other high school seniors, and by a high school freshman ** on

* (Carol Sue Miller, Indianapolis, Indiana, and Leonard Francis Charles, Jr., Santa
Rosa, California, who, with 37 other outstanding high school science students spent six
weeks at Indiana University in a Research Participation Programa co-sponsored by the
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a group (II) which included mostly children between ages 6 and 15 and several
teachers.

In group I, 31 subjects were actually run through the test, but for this report
only the data of 19 were used, those who showed acuity of 20/20 or better in
each eye and binocular stereopsis. Of these 19, 13 wore glasses. Their ages
ranged from 15 to 17, inclusive. Only three of the 19 were females.

Each subject in group I was given six exposures or trials at the test distance
of 5 ft., six trials at 7 ft., and six each at 9, 11, 13, 15, 17, 19, and 21 ft.,
respectively. Then he was given six trials at 22 ft., six at 20 ft., and six each
at 18, 16, 14, 12, 10, 8, and 6 ft., respectively. At each test distance the
number of correct responses out of six trials was recorded without informing
the subject as to the correctness of his answers.

The interpupillary distance of each subject was also measured. This ranged
from 57 mm. to 66 mm., with a mean of 62 mm.

In group II, 45 subjects with binocular stereopsis were tested, but the record
sheets for 24 of the subjects were inadvertently destroyed before all of the ta-
llies and computations were completed, so that a part of the analysis of this
group is based on all 45 subjects and a part on only 21 subjects. Only six
of the 45, and two of the 21, wore glasses. The acuity was not measured, but the
relatively high socioeconomic level of the population for the school at which
these test were: made and the high attention given to proper vision care in the
school district strongly indicate that virtually all of the subjects in group II
had 20/20 vision. Approximately half were males and half females.

Each subject in group II was given five exposures or trials successively at
each of the test distances 6, 8, 10, 12, and 14 ft. The six adults in group II
were tested also at 16 and 18 ft. At each test distance the number of correct
responses out of five trials was recorded without informing the subject of the
correctness of his answers.

Three subjects, ages 4, 8, and 9, who failed at six feet also failed at four
and three feet and were not included among the 45 in group II. The reasons

for their failure was not definitely ascertained, bus there were indications that
the 8 and 9 year olds were squinters and that the 4 year old did not under-
stand the instructions.

National Science Foundation and the Indiana University Research Foundation during
the summer of 1963.

** Susan Claire Hofstetter, who undertook a part of this investigation as a special
project for a high school science course.
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Fig. 1. Cutaway illustrating the “diastereo test: flashlight.
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Fig. 2. Stereopsis test response curves for 19 subjets in group I, high school seniors. The
horizontal dashed line represents the 66 2/3% correct response level, which corresponds
to the 50% accuracy threshold level. For three subjects, Nos., 6, 11, and 12, the test
was not carried out far enough to determine the 50% accuracy threshold level. The
test distances are represented on the abscissa in log seconds of equivalent parallactic
angle.

In the upper right curve, the per cent correct responses are for all subjects at each
test distance. The circles represent serially approaching (decreasing difficulty) test}
the dots represent serially receding (increasing difficulty) tests.
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For the purposes of this report all test distances were computed in seconds
stereousis angle according to the following formula, in which the interpu-
lary distance is assumed to be 64 mm.:

Stereopsis angle in seconds = 1280/ (test distance in feet)?

2sults

The results for group I are shown in the 19 individual graphs in Fig. 2. The
dinate values represent the number of correct responses out of the total of
relve trials at 5 and 6 feet averaged as 5.5 feet, at 7 and 8 feet averaged as
5 feet, etc. The abscissa is the log value of the seconds of stereopsis angle,
nereby 5.5 feet becomes 1.63 log seconds, 7.5 feet becomes 1.36 log seconds,
c. The abscissa value in seconds is shown in the scale at the top of the figure.

The combined per cent of correct responses for the whole group at each
st distance is shown in the curve in the upper right corner of Fig. 2. The
sts represent the series at 5, 7, 8, ...21 feet in that (receding) order of
sting, while the circles represent the subsequent series at 22, 20, 18, ... 6
et in that (approaching) order of testing. The differences appear negligible
1d opposite to what might have been expected as a learning effect.

In all of the curves in Figs. 2 and 3, 33 1/3%, or 4 correct responses out
- 12, represent the frequency of correct responses when the binocular clues
e totally inadequate; 100% would represent the frequency when the binocu-
r clues are more than adequate; 66 2/3%, or 8 out of 12, would indicate the
»solute threshold of stereopsis at the 50% accuracy level, as computed from
rmula (1). In Figs. 2 and 3 the absolute threshold response level, 66 2/3%
50% accuracy), is shown by a horizontal series of dashes in each graph; the
tersection of this with the trend curve indicated the log second value of the
ysolute threshold values for subjects number 6, 11, and 12 were smaller than
at included within the maximum test distance of 22 feet. For number 12 a
w trials were made at 25 and 30 feet without attaining the threshold.

The “log second” abscissa scale was adopted after considerable experimen-
| plotiing to find a scale which would give a normal increasing frequency
 correct answers as represented in the theoretical curve in Fig. 3. Neither a
est distance” scale, a “stereopsis angle” scale, nor a “stereopsis angle reci-
rocal” scale gave the symmetry of Fig. 3 as faithfully as did the “log second”
ale.

The distribution of threshold values for the 19 subjects in group I is shown
| Fig. 4 on a rank scale. The lowest curve in Fig. 4 represents the log second
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Fig. 4. Ranked stereopsis threshold values for 19 subjects in group
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equivalents of the greatest mean distance at which each subject gave eight co-
rrect responses in 12 successive trials. Since the tests were no carried out to
this level of performance for three subjects, the curve starts with rank “4”
and continues to rank “19”. This representation of the stereopsis values on the
ordinate in log seconds produced a curve which, though incomplete, closely
resembles the theoretical curve of equal cumulative area intervals of a normal
curve as shown in Fig. 5. From this it may be inferred that the designation of
the stereopsis threshold in log seconds produces a normal distribution. The
plotting of these thresholds on a “test distance”, “stereopsis angle”, or “stereop-
sis angle reciprocal” scale did not produce curves so nearly like the correspon-
ding theoretical curve in Fig. 5.

The middle and upper curves in Fig. 4 are derived in the same way as the
bottom curve except for the adoption of a higher criterion of passing. This
permitted a ranking of all 19 subjects for the 100%, 12 correct responses out
of 12, criterion, and all but the two best perfomers for the 83 1/3% (75%

66% °/l Correct Responses

OVBEORE
st et LR L]

LEELDKDELLL

i osific of el foooof DM e Pl
RANK

Fig. 5. Theoretical curve of normally distributed scores of a random sample of subjects
plotted according to rank. The five dots on the curve represent the mean and
the first and second standard deviations on either side of the mean.

accuracy threshold), 10 correct responses out of 12. criterion. These two addi-
tional curves for the same group indicate that the lower ends of the curves
have downward tails like that in Fig. 5. The upper end of the absolute thres-
hold (66 2/3% correct responses, or 50% accuracay) curve has an upswing
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like that in Fig. 5, as does also the 83 1/3% of correct responses, or 75%
accuracy, curve, but this feature is not apparent in the 100% curve. This lack
of upswing in the 100% curve could be a statistical artifact of the 100% cri-
terion; it could be a clustering of the several poorest performers at a single
level by reason of the large step to the next response level; or it could represent
the invasion of a secondary clue at these poorer response levels. Whatever the
explanation or significance of this feature, it is not eliminated by the choice
of ordinate scale. :

The fact that the use of a log second scale results not only in a normal dis-
tribution of the responses for individual subjects as shown in Fig. 2, but also
in a normal distribution of the threshold values for the group, as shown in
Fig. 4, permits an evaluation of test reliability by conventional statistical me-
thods. In order to incorporate the test results of all 19 subjects at the 66 2/3%
response level (50% accuracy level) in the computation of a reliability coeffi-
cient two such thresholds were derived for each subject, one from the series
of receding test trials (5, 7, 9, ... 21 feet), and one from the series of approa-
ching test trials (22, 20, 18, ... 6 feet). The threshold in each series for each
subject was the greatest mean distance at which 12 correct reponses were ob-
tained in 18 trials. Thus, a subject who gave six correct responses out of six
at both 20 and 22 feet could be considered as having given at least 12 correct
responses out of 18 even if he gave all wrong responses in six trials at 24 feet
(at which he was not tested), whence his threshold would be identified as 22
feet or 0.41 log seconds. Notwithstanding the imposition of such limitations
for deriving threshold values, the product, moment coefficient of correlation for
reliability was 0.49 + 0.17 s. d. The scatterplot of these values is shown in
Fig. 6.

A scatterplot of the threshold values for the subject in group I against the
interpupillary distances showed no apparent relationship, bu the limited num-
ber of subject does not exclude the possibility of such a correlation in a larger
sample.

The distribution of threshold values for 21 subject in group II is shown in
Fig. 7 on a rank scale. The lowest curve (70% correct responses, or 55%
accuracy threshold) represents the log second equivalents of the greatest mean
distance at which ‘each subject gave seven correct responses in 10 successive
trials. Since the tests were not carried out to this level of perfomance for 10
-of the 21 subjects, the curve starts with rank “11” and continues to rank “21”.
The representation of the stereopsis values on the ordinate in log seconds pro-
-duced a. curve which, though only half complete, closely .resembles the theore-
tical curve of equal cumulative area intervals of a normal curve, as shown in
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Fig. 6. Scatterplot of 50% accuracy threshold stereopsis values of 19 subjects in group I.

Fig. 5. From this it may again be inferred, as for Fig. 4, that the designation
of the stereopsis threshold in log seconds produces a normal distribution. Si-
milarly, the plotting of these thresholds on a “test distance”, ‘“‘stereopsis an-
gle”, or “reciprocal of stereopsis angle” scale did not produce curves so near-
ly like the theoretical curve in Fig 5.

The middle (80% correct answers, or 70% accuracy, threshold) and upper
(100% correct answers, or 100% accuracy, threshold) curves in Fig. 7 are de-

rived in the same way as the bottom curve except for the adoption of higher
criteria of passing. The lower ends of these two curves clearly resemble the
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lower end of the theoretical curve in Fig. 5. The lack of an upswing at the
upper end of the 100% curve corresponds to the same characteristic in Fig. 4.

The combined per cent of correct responses at each test distance is shown
in Fig. 8 for each of three age cubgroups of group II. The average of the
six adults shows a 50% accuracy threshold of less than four seconds; the same
threshold for the 20 teenagers is eight seconds, and the corresponding thres-
hold for the 6 to 10 year olds is 11 seconds. It is noteworthy that the older
teenagers in group I gave a corresponding mean threshold value of 5.5 seconds,
as shown in the upper right curve of Fig. 2. This could have been interpolated
quite accurately from the trends with age in group II. These average values
for the four age groups are plotted in F ig 9.
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Fig. 7. Ranked stereopsis threshold values for 21 subjects in group II.

Discussion

To provide a basis for the comparison of these results with those of other
investigators, it is possible to derive a broad statement of the absolute threshold
values for the whole group of subjects in this study by inspection of the bot-
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tom curves in Figs. 4 and 7. In Fig. 4 the bottom or 50% accuracy curve
centers at about 0.6 log seconds and shows about two-thirds of the sample be-
tween 0.4 and 0.9 log seconds. In Fig. 7, the bottom curve, which can be
presumed to be just slightly higher than a 50% accuracy curve, centers at
about 0.8 log seconds and shows about two-thirds of the sample between about
0.4 and 1.1 log seconds. A combination of these two observations suggests a
mean absolute thresholds value of about 0.7 log seconds with a standard de-
viation of about 0.3 log seconds. This range, 0.7 + 0.3 log seconds, would

represent a mean of 5.0 seconds and a range from 2.5 to lo seconds. The in-
clusién of two standard deviations from the mean would give a range in se-

conds from 1.3 to 20.

This range of results compares very favorably with the 2 to 4 second thres-
holds obtained by Berry* on three subjects. Howard® obtained a range of
values between 1.8 and 7.3 seconds for 85 of his 106 subjects, while the other
21 showed a range from 10.6 to 136.2 seconds. Howard believed the latter poor
scores to be attributable to physical factors interfering with the subject’s vi-
sion, presumably inadequate visual acuity or absence of binocular vision.

The presently reported results also compare favorably with those of Bour-
don® (5”), Crawley” (2.3” and up), Anderson and Weymouth® (1.64” and
up), Frubose and Jaensch® (3.2” to 6.6”), Langlands® (1.8” to 7.3”), and
Miinster * (57), all of whom carried out their testing in well-controlled labo-
ratory settings.

The results obtained by the more typical screening techniques are not so im-
pressive, however. Probably the most inclusive collection of such data are those
of Sloan and Altman !2. On both the standard and a modified Stereopter they
obtained a continuum of scores on 68 subjects ranging from 10 seconds to 132
seconds, with modes at about 25”. These were based on a 7 out 8 correct res-
ponses or 81% accuracy instead of 50% accuracy. On the Armed Forces Vi-
sion Tester they obtained a mode value of 16 seconds for 42 subjects with
40% of the subjects failing the easiest test plate, which represented a parallac-
tic angle value of 39-41 ‘seconds. Weymouth and Hirsch ! obtained similary
high thresholds for a large share of the 65 subjects on a Telebinocular stereop-
sis test. Even the “100%” performarce level on the scales devised by Shepard
and Fry * for use with stereocope test slides represents 16 seconds of parall-
actic angle.

It is apparent that the diastereotest, even when used as a rapid screening
instrument, measures stereopsis at a much more critical threshold level.
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The matter of scaling stereopsis scores does not seem to have been given

very analytical treatment except that skewness of typical data has been pointed out
by Weymouth and Hirsch 13, who represented their data in relation to separation
and/or parallactic angle thresholds. Similar skewing can be observed in virtual-

ly all published data, whether they are the frequency of correct response data
on a single subject, as in Figs. 2 and 8, or the rank distribution of threshold
values in a group of subjects as in Fig. 4 and 7. The transformation of such
data to log second scales show substantial if not virtually complete elimination
of skewness in the data of Howard °, Crawley 7, Anderson ad Weymouth ¥,
Langlands '°, Sloan and Altman 2, and Hirsch and Weymouth 5.

Such skewness appears to have prevented meaningful statistical correlation
computations, although Weymouth and Hirsch !® did attempt to derive corre-
lation coefficients for some of their samples by omitting extreme scores. By
this technique they derived reliability coefficients from which they concluded
that, “...the less-time-consuming rod-test (Howard-Dolman) and the telebinocu-
lar test are unreliable and invalid, respectively...” In the same vein Sloan
and Altman !? reported for the Howard-Dolman and the Stereopter test that,
“The data suggest, however, that within the group showing good depth percep-
tion there is no close agreement in relative ranking on the two tests”. Unfortu-
nately, the data from both reports are not presented in raw form and so do not
lend themselves to re-evaluation on a transformed log scale as was done in the
present study (Fig. 6) showing a test-retest reliability coefficient of 0.5 for
a group of 19 subjects all of whom showed good scores.

The indication of improved stereopsis with age appears to be practically
uninvestigated. Tiffin 1® v 17, showed an increasing percentage of passing of a
stereopsis test among adults up to about the age of 40. Twenty subjects in
Crawley’s 7 report, ranging in age from 4 to 70, showed an average of about
10 seconds around age 8 and a decrease to about 4 seconds at age 35. It is
quite possible that the apparent agreement of these two reports with the present
data is purely fortuitous, but it certainly justifies further investigation.

No published data showing a statistical relationship between interpupillary
distance and stereopsis have been found. The theory that larger interpupillary
distances should give better stereopsis scores is not confirmed in the presently
reported data. Neither is the large, apparent increase of stereopsis distance
with age. Rather, these results suggest that a continuous stereopsis learning
process may be involved, right up to full adulthood.
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Summary

Diastereo test thresholds were determined on two groups of subjects, one
a group of 31 high school students and the other a group of 45 subjects of a
a standard deviation of 0.3 log seconds, representing a standard deviation
The two groups have mean threshold values of 0.7 log seconds (5 second) and

a standard deviation of + 0.3 log seconds, representing a standard deviation
range from 2.5 to 10 seconds of parallactic angle. The test-retest coefficient of

reliability for one group was 0.5. The stereopsis scores showed no apparent
trend with the interpupillary distances, but they showed a marked improvement
with the increase of age into adulthood. The sample was not large enough to
establish the statistical significance of the latter relationship.

Analysis of the data in terms of the relative frequency of correct responses
about the absolute threshold and in terms of the distribution of individual sub-
jects’ threshold values clearly indicate the justification of a log second scale
to represent stereopsis data. In other words, the log second scale produces the
distribution characteristics of normal data and so permits the application of
conventional statistical correlation formula. A review of previously reported ste-
reopsis data supports the log second technique.

The diastereo test, though simple and quick in application, gives results ful-
ly comparable with the best stereopsis data previously reported for rigorous
and time consuming laboratory techniques. The diastereo test results reported here
appear substantially more valid and more reliable than those reported for other
popular stereopsis screening instruments.
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