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Further investigation of viewing conditions on
standard pseudoisochromatic tests

GERALD M. LONG, BRIAN J. LYMAN, EDWARD P. MONAGHAN,
DAVID L. PENN, HOPE A. BROCHIN, AND EDGAR B. MORANO

Villanova University, Villanova, Pennsylvania

Two experiments are reported that examine the effects of variations in viewing duration, view
ing distance, and illumination level on performance with three popular pseudoisochromatic tests
of color blindness. Highly significant effects of these conditions are obtained with a sample of
color-normal observers, but the three tests also differ markedly in their susceptibility to varia
tions in these viewing conditions. Results are discussed both in terms of practical implications
of test administration under nonstandardized conditions and in terms of other likely visual
processes assessed by these tests.

The best-known methods for the assessment of color
vision are the so-called "pseudoisochromatic plates" first
developed by Stilling in the 1870s (see Dimmick, 1943,
for a history of early color tests). These plates, in their
various published versions, typically require an observer
to identify a target stimulus (e.g., a digit) composed of
dots of one color embedded in an array of differently
colored dots. Adequate color discrimination is necessary
in order for an individual to distinguish the target dots
from the background dots . Although it is generally ac
knowledged that other color-screening techniques, such
as anomaloscopes and color-arrangement tests, can be
more precise, the various pseudoisochromatic tests are
nevertheless the most popular of the available screening
tests [National Research Council (NRC), 1981]. This
popularity is due to their general ease of administration
and scoring and their minimal apparatus and training re
quirements. There are currently three versions of the pseu
doisochromatic plates that are widely used in the United
States: the American Optical Corporation (AOC) Color
Vision Test (Beck Engraving Company, 1965), the Dvo
rine pseudoisochromatic plates (Dvorine, 1953), and the
Ishihara Tests for Color Blindness (Ishihara, 1982). These
three tests are routinely administered in a wide variety
of industrial, educational, military, and research settings
(Birch, Chisholm, Kinnear, Pinckers, Pokorny, Smith, &
Verriest, 1979; NRC, 1981).

The work described in this article is a continuation of
recently published research dealing with the effects of
viewing conditions on performance with the pseu
doisochromatic tests by color-normal observers. Long,
Lyman, and Tuck (in press) found that, in general, the
three tests are sensitive to variations in viewing duration,
viewing distance, and stimulus blur. The number of er-
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rors made on the tests increases with decreasing duration,
increasing viewing distance, and decreasing stimulus clar
ity . Furthermore, the tests differ markedly among them
selves in their sensitivity to such manipulations, with the
Ishihara test being rather insensitive and the AOC and
Dvorine tests very sensitive to these effects. From these
results, it was concluded that: (1) More standardized
viewing conditions are needed for the pseudoichromatic
tests, particularly the Dvorine and AOC test, (2) the three
popular plate tests are by no means equivalent tests in
terms of either baseline performance or susceptibility to
viewing effects, and (3) other processes, such as visual
acuity, play an important role with such color stimuli. The
present article reports two experiments extending this
earlier work . In Experiment 1, the effects of target il
luminance and target duration are compared over the three
pseudoisochromatic tests. In Experiment 2, viewing dis
tance is systematically varied throughout a range from ap
proximately 100 to 450 cm (3.8 -14.5 ft) in order to as
sess the Long et al. findings at intermediate distances.

EXPERIMENT 1

This first experiment examined the effects of target il
luminance and target duration on performance on three
pseudoisochromatic tests. Considerable early work with
these tests involved the nature of the illuminant (e.g.,
Hardy, Rand, & Ritter, 1946; Schmidt, 1952; Sloan,
1943); and the requirements for the appropriate color tem
perature of a light source as well as sufficient illumina
tion levels are now generally well known (See Lakowski,
1969). The present work seeks to compare performance
on the three tests at two clearly photopic levels of illumi
nation well within the typical working range common for
such tests. In addition, the effects of the illumination levels
are to be determined at several levels of viewing dura
tion. This latter manipulation of viewing duration partially
replicates the conditions examined by Long et al. (in
press) but also extends the duration range to very brief
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EXPERIMENT 2

Figure 1. Mean number of errors on the three pseudoisochromatic
tests as a function of viewing duration under the low illumination
level (upper graph) and the high illumination level (lower graph).

The previously mentioned study by Long et al. (in
press) examined the effect of varying viewing distance
over the levels of 46 em (reading distance), 75 em
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dent in Figure 1 are the significant tests X duration in
teraction [F(4,72) = 7.03, P < .0001] and the signifi
cant tests X illumination interaction [F(2,72) = 7.47, P
< .001]. No other interactions are significant.

From these analyses, it is clear that, in general, fewer
errors are made on the pseudoisochromatic tests with the
higher level of illumination and as viewing duration is in
creased. The latter finding replicates and extends the
results of Long et al. (in press) concerning strong dura
tion effects on these tests. The former finding is consis
tent with Lakowski's (1969) recommendation for
relatively high photopic levels on the tests. Of particular
interest in the present work are the significant patterns
of interaction obtained. These interactions indicate that
the tests differ markedly among themselves in their sus
ceptibility to the variations in viewing conditions. The
Ishihara test in particular is relatively insensitive to such
variations.

levels . The effects of these two manipulations of viewing
conditions carry both practical and theoretical implica
tions. On the one hand, they may further demonstrate the
need for standardized viewing conditions-far more
specific than those suggested by the test publishers. On
the other hand, they may suggest the nature and role of
other processes that have been hypothesizedto beassessed
by the color plates.

Method
Subjects. Forty-two subjects (12 males) participated in partial fulfill

ment of a course requirement in general psychology at Villanova Univer
sity. Only individuals with no known color problems were asked to volun
teer. In addition, before participation in the experiment, each observer
was further screened on the Farnsworth 0-15 color -arrangement test
(see Linksz, 1966) and with two items (Plates 14 and 15) from the Ishi
hara test that contain "hidden digits" theoretically observable only by
color-defective observers. No volunteers had to be excluded because
of any difficulty with these prescreening measures . Each observer par
ticipated individually in a single experimental session lasting 20-30 min.

Apparatus and Procedure. With the single restriction that there be
the same numbers of each sex per condition, each observer was assigned
randomly to one of six possible viewing conditions defined by the fac
torial combination of two illuminance levels (75 and 750 Ix) and three
viewing durations (.5, 1.0, and 3.0 sec/plate) . A chin-and-headrest was
used to maintain a constant viewing distance of75 cm . An Ealing elec
tronic shutter (Model 22-8437) controlled by a Hunter timer
(Model lOOC) was mounted about 15 ern in front of the observer's right
eye, and the plates were positioned 60 cm behind the shutter and were
clearly viewed through the 6-cm shutter aperture. A 35-mm clear glass
slide served as a beam splitter and was positioned between the observer's
eye and the shutter; a red fixation point located 75 cm from the observer's
eye was reflected in the beam splitter . This served to maintain the ob
server's accommodation for the appropriate 75-cm target distance even
when the shutter aperture was closed prior to target presentation.

Two side-by-side Macbeth easel lamps (Macbeth Corporation)
provided illumination of the test plates. A 1.0 NO filter (Kodak 96) could
be placed in front of the observer's eye to vary retinal illumination . The
effective illuminance of the plates was either 750 Ix without the filter
or 75 Ix with the filter. The illuminance level recommended by Lakowski
(1969) for the pseudoisochromatic tests is about 300 Ix (28 fc). Hence,
the two levels employed in this work, although both clearly photopic,
represent significant departures from the recommended value .

For each observer, the same 14 plates were used from each of the
three pseudoisochromatic tests : Plates 2-15 on the AOe, Plates 2-15
on the Dvorine, and Plates 2-13 , 16, and 17 on the Ishihara (see Long
et aI., in press) . On each trial, the observer was given a verbal "ready"
signal, and the shutter then opened for the appropriate duration. The
observer reported verbally the digit he/she saw on the plate, and the
experimenter recorded this value before proceeding to the next trial.
No feedback was given to the observer concerning his/her accuracy.
To familiarize the observer with the task, Plate 1 from each test, the
"practice" plate, was given prior to the 42 test plates in the session.

Results and Discussion
The mean number of errors obtained on the three pseu

doisochromatic tests are shown in Figure 1 as a function
of viewing duration. The upper portion of Figure 1 cor
responds to the low-illuminance condition, and the lower
portion to the high-illuminance condition. A 3 (tests) X
3 (durations) x 2 (illuminance) mixed analysis of vari
ance reveals significant main effects oftests [F(2,72) =
157.10, P < .0001], duration [F(2,36) = 15.04, P <
.0001], and illuminance [F(1,36) = 21.49, P < .0001].
These effects can clearly be seen in Figure 1. Also evi-
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Figure 2. Mean number of errors on the three pseudoisochromatic
tests as a function of viewing distance.
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On the theoretical level, the present results raise the issue of other
visualprocesses that maybe involvedin performancewithpseudoisochro
matic stimuli. One likely possibility is visual acuity , which would be
sensitive to the manipulationsemployed in this study as well as in Long
et aI. (in press). Other investigatorshave noted that visual acuity is cor
related with performance on the pseudoisochromatic tests (e.g., Hol
land, 1972)as well as other color-vision tests (Brown, Govan, & Block,
1983). There are other likely visual processes involved on the tests as
well. For example, the extentof visual scanning on the individualplates
would also be affected by many of the same variations in viewing con
dition (e.g., duration, distance). The identification of these additional
visual processes is important, not only for the eventual development
of " purer" color-screening tests, but also for the realization of theneeded
caution when the current tests are administered in situations in which
these other processes may seriously differ among the individualsexa
mined. This could include work with aged subjects (e.g., Lakowski,
1958, 1962), withyoungchildren(e.g., Alexander, 1975; Lampe, 1969),
with the mentally retarded (e.g. , Salvia, 1969; Salvia & Ysseldyke,
1971), and with individuals suffering fonn various visual pathologies
(e.g., Grutzner, 1972; Verriest, 1963). The oft-reported performance
differences by thesegroups on the pseudoisochromatic platesmay reflect
differences in other visual processes beyond color vision.

CONCLUSION

The results of the present work have both practical and theoretical
implications for the screening of color vision. On the practical level is
the obvious need for standardization of test conditions-particularly in
appliedsettings in whichsuchconditions maybe expectedto vary widely.
In conjuction with the Long et aI. (in press) study, the results of the
present experimentmake clear that variationsin viewing distance, view
ing duration, stimulus clarity, and stimulus illuminance can seriously
influence performanceon the tests even amongcolor-normal observers.
It is equallyclear thatthe three pseudoisochromatic testsare verydifferent
from one another. Not only do the testsdiffer in the level of errors made
by the same individual, but they also are differentially sensitive to vari
ations in viewing conditions. Both the AOC test and the Dvorine test
are much more seriously affected by these conditions than is the Ishi
hara test.

(recommended distance), and 305 em. The final value was
chosen arbitrarily as an upper extreme that would rarely,
if ever, be encountered under actual conditions of test ad
ministration. Although both the AOC and the Dvorine
tests were significantly affected by this distance manipu
lation, the possibility exists that the obtained effect may
be due largely to the extreme upper value selected. The
present experiment examined the effects of intermediate
distances to ensure that the distance effect reported by
Long et al. could be generalized over a more representa
tive range of viewing distances .

Method
Subjects. Forty-five subjects (37 female) participated in partial ful

fillment of a course requirement in general psychology at Villanova
University. Only individuals who had no known color difficulties were
asked to volunteer.

Apparatus and Procedure. The same three color tests from Experi
ment I were employed. The tests were presented by an experimenter
standing at the front of a classroom with curved and tiered seating. The
observers were seated only in the first five rows; mean viewing dis
tances from the tests were 116, 176, 298, 374, and 440 ern (46, 69,
117, 147, and 174 in.). All viewing was done with a Macbeth easel
lamp, as recommended by the test publishers, and viewing time was
held constantat 3 sec/plate. On each trial, the observer simply recorded
on an answer sheet the digit contained on the test plate.

Results and Discussion
The mean numbers of errors reported for the three pseu

doisochromatic tests are shown in Figure 2 as a function
of viewing distance. A 3 (tests) X 5 (distance) mixedanal
ysis of variance reveals a significant main effect of tests
[F(2,80) = 80.78 , P < .0001] and viewing distance
[F(4,40) = 7.58, p < .000 1]. The interaction of tests
X distance is also significant [F(8 ,80) = 2.18, P < .04],
which results from the somewhat more pronounced ef
fect of varying distance on the AOC and Dvorine tests
than on the Ishihara test.

The significant differences among the three plate tests
replicates those found by Long et al. (in press). As they
reported, the AOC test results in the greatest number of
errors, and the Ishihara test in the fewest. The signifi
cant distance effect reveals a largely linear increase in er
rors with increasing viewing distance. This finding ex
tends the results of Long et al., who obtained very similar
effects but with just the extreme viewing distances.
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