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Abstract 

In the OSCAR test of Estkvez et al. (1983) red and green lights are modulated in 
counterphase and the subject is asked to adjust their relative depths of 
modulation so as to minimize nicker. In a population consisting of normal 
mothers and carriers of colour deficiency (classified by their sons' performance 
on the Nagel anomaloscope), the OSCAR settings of the mothers were strongly 
correlated with those of their sons. Protan and deutan carriers formed discrete 
populations; and many individual carriers of protan deficiencies could be 
distinguished from normals with confidence. Protan and deutan sons were 
distinguished from each other with complete reliability, but some deutan sons, 
and most deutan carriers, fell within the distribution of normal settings. 

Introduction 

Can carriers of colour deficiency be identified psychophysically? Since 1920 it 
has been suspected that red-green colour deficiencies are not always completely 
recessive and that some carriers may reveal themselves by abnormalities of 
colour vision (Fleischer, 1920; Schiotz, 1920; Waaler, 1927). In fact, abnormal- 
ities of spectral matching or of colour discrimination are rather rare in 
heterozygotes (Jordan and Mollon, 1993). More diagnostic have been tests of 
increment threshold or spectral sensitivity. Thus protan carriers exhibit 
depressed sensitivity to long wavelengths (a condition known as Schmidt's sign; 
Schmidt, 1934, 1955; Walls and Mathews, 1952; Crone, 1959; Ikeda et al., 1972; 
Swanson, 1991). An analogous loss of middle wavelength sensitivity has been 
reported in deutan carriers (de Vries, 1948; Crone, 1959; Adam, 1969) and has 
been named de Vries' sign, although this phenomenon has been more difficult to 
demonstrate than Schmidt's sign. 

Such manifestations of the carrier state have been explained by the phenom- 
enon of X-chromosome inactivation: although a woman inherits two X- 
chromosomes, a random process determines which of the two is expressed in 

C.R. Cavonius fed.), Colour Vision Deficiencies XIII. pp. 385-392. 
0 1997 Kluwer Academic Publishers, Dordrecht. Printed in Great Britain. 



any individual cell of her body (Lyon, 1972). The retina1 mosaic of the 
heterozygote is thought to contain a subset of cones that express the abnormal 
chromosome which her colour-deficient son inherits. 

Estkvez et al. (1983) introduced a rapid measure of relative luminosity, called 
the OSCAR test (Objective Screening of Colour Anomalies and Reductions). 
Since earlier reports suggest that carriers of colour deficiency reveal themselves 
rather readily in measurements of this kind, we have been prompted to ask 
whether the OSCAR test is clinically useful for identifying heterozygotes. 

The test presents to the observer a mixture of two flickering lights, one a nearly 
monochromatic red light of 650 nm and one a relatively broad-band green light of 
dominant wavelength 560 nm. The two sources are light-emitting diodes and their 
outputs are mixed within a solid perspex rod. One end of the rod is slightly 
roughened to give a diffusing surface; and this end is viewed by the subject. The 
two component lights are alternated in counterphase at approximately 16 Hz 
(Fig. 1). A single control knob allows the subject to increase the depth of 
modulation of one component while concurrently decreasing the depth of 
modulation of the other component. The subject is asked to adjust the knob until 
the flicker is minimally visible. The advantage of this counterphase modulation 
photometry over flicker photometry is that the time-averaged luminance and 
chromaticity of the stimulus remain constant as the adjustment is made. 

Materials and methods 

Subjects 

The 144 subjects comprised 43 carriers of X-linked colour deficiencies and their 
colour-deficient sons, and 25 colour normal mothers and their sons. In some 
cases, more than one son was tested from a given family. Most carriers had 
already participated in an earlier study of the colour vision of heterozygotes 
(Jordan and Mollon, 1993). All subjects were naive as to the aim of the 
experiment and were paid a small sum for their participation. 

OSCAR test 

The subject held the OSCAR test in two hands while operating the knob with 
his or her right hand. The stimulus field subtended approximately 0.7' at the eye. 
The dominant wavelength was approximately 594 nm and the luminance was 15 
cd/m2. Between successive settings the control knob was offset by the experi- 
menter, alternately to one or other end of its range. Subjects made five settings 
binocularly. The OSCAR test is known to be sensitive to the lighting conditions 
(Birch, 1993): all the present subjects were tested in the presence of a low level of 
Illuminant C (Macbeth easel lamp) giving approximately 3 lux in an otherwise 
dark room. The version of the test we used was manufactured commercially by 
Medilog (The Netherlands). 



Nagel anomaloscope 

The Rayleigh match was measured with the Nagel anomaloscope (model I) for 
the dominant eye of each subject. The procedure was as follows: the experi- 
menter set the red-green mixture and the subject adjusted the luminance of the 
monochromatic yellow to equate the fields in brightness. After this was done, 
the subject looked at a white piece of paper illuminated by Illuminant C to 
neutralize his or her adaptation and then rated the goodness of the match. The 
procedure was repeated until both ends of the matching range were securely 
determined. 

Results 

The main panel of Figure 2 plots the OSCAR settings of sons against the 
settings of their mothers. The ordinates represent the arbitrary scale units of the 
OSCAR test, normalized so that the mean setting of our population of normal 
mothers and sons is zero. Projected to the left of the main panel is the histogram 
of settings of individual sons; and projected below the main panel is the 

Protan Setting 

Deutan Setting 

Fig. 1. In the OSCAR test the red and the green components of the stimulus are modulated in 
counterphase at 16Hz. The depth of modulation is controlled not by varying the LED current 
(which would change the spectral output of an individual LED) but by turning the lamps fully on 
and off at a much higher frequency and varying the proportion of time the lamp is on during the 
two phases of each cycle. Thus the diagram shows schematically the high-frequency modulation 
during the opposite phases of just one period of the 16 Hz stimulus. 



histogram of settings of mothers. 
From the histogram for sons, it is seen that counterphase modulation 

photometry achieves a complete separation of subjects defined as protan and 
deutan by the Nagel anomaloscope. Moreover, all the protan subjects lie outside 
the distribution of colour-normal subjects. However, there is significant overlap 
between the normal and the deutan sons. In judging this overlap, and the similar 
overlap in Figure 1 of Cavonius and Kammann (1984), it is important to 
remember that normal individuals are about 15 times more common in the 
population than are deutans and thus, to obtain likelihood ratios for clinical use, 
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Fig. 2. The upper right panel shows the relationship between the settings of mothers and sons on the 
OSCAR test. Note the clear difference between settings of deutan and protan carriers. The 
distributions of settings for sons and those for the mothers are projected on to the two subsidiary 
histograms. The cell centred on 0.0 in the histogram for mothers represents one normal, one protan 
heterozygote and one deutan heterozygote. 



we must increase the relative height of the colour-normal distribution so that 
areas of the normal and deutan distributions are in the ratio 15:l; 'colour- 
normal' thus becomes the more likely diagnosis over a significant fraction of the 
range occupied in the histogram by deutan settings. 

The main panel of Figure 2 exhibits a strong overall correlation (R=0.85, 
p < 0.001) between the minimum-flicker settings of mothers and sons. As can be 
seen in the lower histogram, this rapid clinical test achieves an almost complete 
separation of protan and deutan carriers. There is overlap between the control 
mothers and the two types of carrier, especially the deutan carriers. Never- 
theless, many protan carriers exhibit Schmidt's sign, in that they are less 
sensitive to long wavelengths than are any of the normals. None of our 
population of protan carriers exhibited a setting as extreme as the most extreme 
protan sons, but some carriers are as extreme as some of the protanopic sons. 

The OSCAR test did not distinguish between dichromatic and anomalous 
sons, nor between the corresponding subsets of mothers. A moderate but 
significant correlation between OSCAR and anomaloscope settings was found 
for normal sons (R = -0.62; p = 0.003), but not for normal mothers (R = -0.15; 
p = 0.44). 

Discussion 

Counterphase modulation photometry as a test for colour blindness 

We confirm the judgement of others (Cavonius and Kammann, 1984; Zisman et 
al., 1987; Verriest and Uvijls, 1987) that the OSCAR test is not ideal as a 
screening test for colour blindness. Its failure to distinguish some deutans from 
normal individuals reflects a difficulty that has classically faced tests that 
depend on the measurement of spectral luminosity (Crone, 1959; Adam, 1969); 
Nevertheless, the OSCAR test has a role in clinical diagnosis. We found, as did 
Cavonius and Kammann (1984) and Verriest and Uvijls (1987), that the test was 
completely reliable in distinguishing deutans from protans, a discrimination 
that is only poorly made by pseudoisochromatic plates (Walls, 1959; Frey, 
1958). If a patient has failed a plate test, the OSCAR test offers an economical 
means to classify him or her as protan or deutan. But to distinguish 
protanomalous subjects from protanopes, and deuteranomalous from deuter- 
anopes, it will still be necessary to turn to the anomaloscope. 

Counterphase modulation photometry and the heterozygote 

The OSCAR test has a role to play in the examination of carriers of colour 
deficiency. As groups, the protan and deutan heterozygotes are statistically quite 
distinct from each other and from the putatively homozygous women. A 
subgroup of heterozygotes can be individually identified with some confidence 
using the OSCAR test: these are the protan carriers who make a very negative 



Table l. The relationship between OSCAR settings and the probability that a woman is a protan 
carrier rather than a normal. 

OSCAR 4.0 -5.5 -5.0 4 . 5  -4.0 -3.5 -3.0 -2.5 -2.0 
P(protan) 1.0 1.0 0.99 0.97 0.91 0.77 0.53 0.28 0.14 

setting. If we take Verriest's (1972) estimates of the relative frequencies of 
normal mothers and protan carriers (8413.7) and if we fit normal distributions 
to our OSCAR settings for normal mothers and for protan carriers, then we can 
calculate that 'protan heterozygote' becomes the more likely diagnosis when the 
OSCAR reading is less than -3.0 and becomes almost certain for readings of -4 
or less. Table l shows the calculated probabilities over a range of OSCAR 
settings. Our estimates are conse~ative because statistically our sample of 
'homozygous' mothers ought to contain one or more heterozygotes who have 
not yet revealed themselves by bearing a colour-deficient boy. It would be 
desirable to have data for a larger sample of colour-normal women, each of 
whom had several sons, none of whom are colour blind. 

Theory of counterphase modulation photometry 

To understand why deutan and protan heterozygotes perform differently on the 
OSCAR test, we must consider what is happening when a subject sets the 
instrument to minimum flicker. Only in the case of the dichromat is there a 
straightforward basis for the setting. Such a subject can find a setting that 
completely abolishes flicker. In the case of, say, a protanope, this is thought to be 
the setting at which an increment in the 650nm light gives an increase in the 
quantum catch of the middle wavelength cones that is exactly balanced by a 
decrement in the quantum catch from the 560 nm light (see Estkvez et al., 1983). 
This setting corresponds closely to the setting that Rushton called the 'isolept' 
when discussing the exchange-threshold method of isolating individual classes 
of receptor (Rushton et al., 1973). 

We do not know the exact basis on which a trichromat finds a setting of 
minimum flicker. A setting that corresponds to the isolept for his long 
wavelength cones will not correspond to the isolept for his middle wavelength 
cones, and vice versa. Perhaps he has independent access to the two cone signals 
and compromises between their isolepts, finding an intermediate setting where 
the counterphase modulations of the two separate cone signals are both equally 
small (Mollon, 1987); or perhaps, as more commonly assumed, there is a post- 
receptoral channel (the 'luminance' channel) that combines signals from the 
long and middle wavelength cones, so that decrements in one signal cancel 
increments in the other (Ingling and Tsou, 1985). The first possibility might be 
called the compromise hypothesis and the second the cancellation hypothesis. It 
is empirically difficult to distinguish psychophysically between compromise and 



addition; for both hypotheses require a setting intermediate between the two 
isolepts. In either case, we should expect the OSCAR setting to be easier and 
more precise for an anomalous trichromat than for a normal observer. In 
anomalous trichromacy the spectral sensitivities of the long and middle 
wavelength cones are thought to be closer together than normal; the two isolept 
settings would, therefore, also be close and an intermediate setting would not 
modulate strongly the signal of either class of cone. 

How are we to explain the different settings of protan and deutan hetero- 
zygotes? Consider a carrier for protanopia. Owing to X-chromosome inactiva- 
tion, we may suppose that a subset of her cones expresses the X-chromosome 
that her protan sons inherit. In consequence, an increased proportion of cones 
in her retina will contain a middle wavelength-sensitive pigment. Since the total 
strength of the signal from a given class of cones is likely to depend on their 
numerosity, our protan carrier should require more modulation of the red LED 
to compensate a given modulation of the green LED. In terms of the 
compromise hypothesis, her abnormal setting is necessary to keep the absolute 
modulation of the middle wavelength cone signal small and equal to that of the 
long wavelength signal. In terms of the cancellation hypothesis, the shift is 
necessary because a larger decrement in the signal of individual long wavelength 
cones is needed to cancel a given increment in the middle wavelength signal. In 
the case of a carrier of protanomaly, the argument must be somewhat less 
certain since the nature of anomalous trichromacy remains unsettled. However, 
most accounts of protanomaly suppose that the protanomalous trichromat 
depends for his residual red-green discrimination either on two normal middle 
wavelength pigments with different spectral sensitivities or on the combination 
of a normal middle wavelength pigment and an anomalous pigment that 
occupies a spectral position close to that of the middle wavelength pigment(s). 
Whichever hypothesis one prefers, a heterozygote for protanomaly will effec- 
tively end up with an excess of cones that contain pigment@) with their peak 
sensitivity in the middle wavelength region; and the signal of these cones will 
dominate flicker photometric settings. Mutatis mutandis, the same arguments 
can be applied to carriers of deuteranopia and deuteranomaly. 

Acknowledgements 

Supported by MRC grant G91 13630N and by Wellcome Trust Fellowship to 
GJ. We are gratefid to 0 .  Estkvez for the gift of the OSCAR test. 

References 

Adam, A. (1969). Foveal red-green ratios of normals, colourblinds and heterozygotes. Proc Tel- 
Hashomer Hosp. Israel 8: 2-6. 

Birch, J. (1993). Diagnosis of Defective Colour Vision. Oxford U~versity Press, Oxford. 



Cavonius, C.R. and Kammann, J. (1984). A clinical evaluation of the 'OSCAR'color vision set. In: 
Verriest, G. (ed.), Colour Vision Deficiencies VII: 275-279. W. Junk, The Hafle. 

Crone, R.A. (1959). Spectral sensitivity in color-defective subjects and heterozygote carriers. Am. 
J. Ophthalmol. 48: 231-238. 

de Vries, H.L. (1948). The fundamental response curves of normal and abnormal dichromatic and 
trichromatic eyes. Physica 14: 367-380. 

Estevez, O., Spekreijse, H.,Van Dalen, J.T.W. and Verduyn Lunel, H.F.E. (1983). The Oscar color 
vision test: Theory and evaluation (Objective Scree~ng of Color Anomalies and Reductions). 
Am, J. Optom. Physiol. Opt. 60: 892-901. 

Fleischer, R. (1920). Die Vererbung geschlechtsgebundener Krankheiten. 42.Vers. Deut. Ophthal- 
mol. Ges. 4-14. 

Frey, R.G. (1958). Welche pseudoisochromatischen Tafeln sind fiir die Praxis am besten geeignet? 
Graef. Arch. Ophthalmol. 160: 301-320. 

Ikeda, M,, Hukami, K. and Urakubo, M. (1972). Flicker photometry with chromatic adaptation 
and defective color vision. Am. J. Ophthalmol. 73: 270-277. 

Ingling, C.R. and Tsou, B.H.-P. (1985). Flicker photometry and achromatic-channel structure. J. 
Opt. Soc. Am. A2: 13751378. 

Jordan, G. and Mollon, J.D. (1993). A study of women heterozygous for colour vision deficiencies. 
Vision Res. 33: 1495-1508. 

Lyon, M.F. (1972). X-chromosome inactivation and developmental patterns in mammals. Biol. 
Rev. 47: 1-35. 

Mollon, J.D. (1987). On the nature of models of colour vision. Die Farbe 34: 2946. 
Rushton, W.A.H., Powell, D. and Wright, K.D. (1973). Exchange thresholds in dichromats. Vision 

Res. 13: 1993-2002. 
Schiotz, I. (1920). Rotgrunblindheit als Erbeigenschaft. Klin. Monatsbl. Augenheilkd. 68: 498- 

526. 
Schmidt, I. (1934). ober manifeste Heterozygotie bei Konduktorinnen fur Farbsinnstorungen. 

Klin. Monatsbl. Augenheilkd. 92: 456467. 
Schmidt, I. (1955). A sign of manifest heterozygosity in carriers of color deficiency. Am. J. Optom. 

32: 404-408. 
Swanson, W.H. (1991). Heterochromatic modulation photometry in heterozygous carriers of 

congenital color defects. In: Drum, B., Moreland, J.D. and Serra, A. (eds), Colour Vision 
Deficiencies X, DOC. Ophthal. Proc. Ser. 54: 457471. Kluwer, Dordrecht. 

Verriest, G. (1972). chro&aticity discrimination in protan and deutan heterozygotes. Die Farbe 
21: 7-16 

Verriest, G. and Uvijls, A. (1987). About the OSCAR test. In: Verriest, G. (ed), Colour Vision 
Deficiencies VIII, DOC. Ophthal. Proc. Ser. 46: 177-179. Martinus Nijhoff, W. Junk, 
Dordrecht. 

Waaler, G.H.M. (1927). Ober die Erblichkeitsverhaltnisse der verschiedenen Arten von angebor- 
ener Rotgriinblindheit. Z. Indukt. Abstam. Vererbungslehre 45: 279-333. 

Walls, G.L. (1959). How good is the H-R-R test for color blindness? Am. J. Optom. Arch. Am. 
Acad. Optom. Monogr.249: 1-25 

Walls, G.L. and Matthews, R.W. (1952). New Means of Studying Color Blindness and Normal 
Foveal Color Vision. University of California Publications in Psychology, No. 7. 

Zisman, F., Seger, K.R. and Adams, A.J. (1987). Specificity evaluation of the OSCAR colour 
vision test. In: Verriest, G. (ed.), Colour Vision Deficiencies VIII, DOC. Ophthal. Proc. Ser. 46: 
173-176. Martinus Nijhoff, W, Junk, Dordrecht. 

Department of Experimental Psychology 
University of Cambridge 
Downing St. 
Cambridge, CB2 3EB, UK 


	1997a.tif
	1997b.tif
	1997c.tif
	1997d.tif
	1997e.tif
	1997f.tif
	1997g.tif
	1997h.tif

