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Methods

Experiment 1

All stimuli were presented on a calibrated CRT. The chromaticities used in these experi-
ments are conveniently described as vectors from the background chromaticity (equal
energy white) and in each case we specify the clockwise angular rotation from the the-
oretical tritan axis (+S/(L + M)) in MacLeod-Boynton space. The aim is to identify
the chromaticity vector that exhibits the largest loss of sensitivity under conditions
of transient tritanopia. Ten test vectors were chosen spanning a range that covered
both sides of the theoretical tritan axis, from 312° to 54° in MacLeod—Boynton space.
Three different adaptation vectors were used: 160°, 180°, and 200°. The length of the
adaptation vector was constrained by the available monitor gamut: a distance of 0.0126
units in MacLeod-Boynton space was the maximum possible with our arrangement (see
Fig. 29.1).

Observers were first required to view a spatially uniform (60 cd/m?) adapting field for
two minutes, and then the trial sequence began. After each top-up adaptation period
the display changed abruptly to equal energy white (22.5cd/m?), and after 400 ms a
chromatic probe stimulus was presented. In order to maintain the subject’s adaptive
state, the duty cycle was fixed, with 7.25-s adaptation every 8 s. The sequence of events in
a trial is depicted schematically in Fig. 29.2. Baseline thresholds were also measured for
each of the probe stimuli. For the latter measurements, there was an initial two minute
adaptation to equal energy white, but trial timings were under the subject’s control.

The test stimuli resembled Ishihara plates in that spatial luminance noise (£7 cd/ m?)
was used to ensure that neither luminance differences nor edge artefacts could be used
as a cue for discriminating the chromatic target against the field (Regan et al. 1994).
The chromatic target formed a 90° segment of a ring. At the viewing distance of 1 m,
the thickness of the chromatic arc was 1.55 degrees of visual angle and the separation
between fixation and test loci was a minimum of 3 degrees. We chose this arrangement
in order to use an area of retina that is relatively homogeneous for short-wave cones and
for macular pigment. By presenting the chromatic test in one of four possible locations,
chosen at random and at equal eccentricities, we discouraged the observer from moving
fixation and forcing the stimuli to a retinal region where the macular pigment density,
and thus the tritan line, were different.

A spatial 4AFC task was used: the observer was required to locate the position of the
coloured patch, and the chromatic distance between this test patch and the background
was modified with a staircase until a threshold was found. In each block of measurements
a single candidate chromaticity vector was tested and two randomly interleaved staircases
tracked the threshold for 75 per cent discrimination. Conditions were blocked in order
that subjects could derive the optimal strategy for detecting each candidate chromaticity.
Five blocks with the same adapting chromaticity were presented in a single experimental
session. The order of blocks was counterbalanced for test chromaticity, and sessions
were counterbalanced for adapting chromaticity, including the no-adaptation, baseline
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Figure 29.2 See also colour plate section. A schematic diagram showing the sequence of events in a
trial. The initial two minute adaptation is followed by a repeated trial-cycle comprising a period of
top-up adaptation followed, after 400 ms, by a 40-ms test array. The test arrays resemble Ishihara plates
in that spatial luminance noise is used to mask luminance artefacts. The chromatic target formed a 90°
arc that was presented in any one of 4 quadrants chosen at random. Ten different probe chromaticity
vectors were tested as candidates for the tritan line. In Experiment 1 we compared three different
adapting chromaticities. In Experiment 2 we increased the viewing distance, from 1 to 4 m, to
determine whether the tritan axis rotated when the eccentricity of the target was reduced from 3 to
0.75 degrees of visual angle.

condition. To allow after-effects to dissipate there was a minimum interval of 30 minutes
between sessions.

Experiment 2

We repeated the measurements for an adapting field with a hue angle of 180°, but
increased the viewing distance from 1 to 4 m. The separation between the fixation point
and the test loci was thus reduced from 3.00 degrees to 0.75 degrees of visual angle, and the
width of the chromatic arc was reduced from 1.55 degrees to 0.39 degrees of visual angle.

Results

Observers R. E. S. and J. D. M. have normal colour vision, and are experienced psycho-
physical observers. R. E. S. was naive to the purposes of the study; J. D. M. is one of
the authors. Baseline thresholds for both observers plot as ellipses in MacLeod—Boynton
space, with the major axis oriented along the L/M-opponent direction. Since the scaling
of the S-opponent axis of MacLeod—Boynton space is arbitrary, we describe the datain a
scaled version of MacLeod—Boynton space (S/(L+ M) x 4.0), chosen such that baseline
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that the transient tritanopia method allows the experimenter to track successfully the
rotation of the tritan line arising from changes in retinal location of the stimuli.

Acknowledgments

H. E. Smithson was supported by a BBSRC studentship and P. Sumner was supported
by an MRC studentship. The work was additionally supported by MRC G9807068 to
J. D. Mollon. We are grateful to Dr R. Sorensen for acting as an observer and to Prof
J. Pokorny and Prof V. C. Smith for discussion.

References

Boynton, R. M. & Kaiser, P. K. (1978). Temporal analog of the minimally distinct border. Vision
Research, 18(1), 111-3.

Dacey, D. M. (2000). Parallel pathways for spectral coding in primate retina. Annual Reviews in
Neuroscience, 23, 743-75.

Derrington, A. M., Krauskopf, J., & Lennie, P. (1984). Chromatic mechanisms in lateral geniculate
nucleus of macaque. Journal of Physiology, 357, 241-65.

Hammond, B. R,, Jr., Wooten, B. R., & Snodderly, D. M. (1997). Individual variations in the
spatial profile of human macular pigment. Journal of the Optical Society of America A, 14(6),
1187-96.

Krauskopf, J., Williams, D. R., & Heeley, D. W. (1982). Cardinal directions of color space. Vision
Research, 22, 1123-31.

Mollon, J. D. & Polden, P. G. (1975). Colour illusion and evidence for interaction between cone
mechanisms. Nature, 258, 421-2.

Moreland, J. D. & Bhatt, P. (1984). Retinal distribution of macular pigment. In G. Verriest (Ed.),
Colour Vision Deficiencies, Vol. VII: Dr W Junk Publishers.

Pokorny, J., Smith, V. C., & Lutze, M. (1987). Aging of the human lens. Applied Optics, 26(8),
1437-40.

Pugh, E. N. & Mollon, J. D. (1979). A theory of the Pi 1 and Pi 3 colour mechanisms of Stiles.
Vision Research, 19, 293-312.

Regan, B. C., Reffin, J. P., & Mollon J. D. (1994). Luminance noise and the rapid determination of
discrimination ellipses in colour deficiency. Vision Research, 34, 1279-99.

Sumner, G. P. H. (2000). The salience of colour: Studies in visual ecology and psychophysics. Ph.D.
thesis, University of Cambridge, UK.

Tansley, B. W. & Boynton, R. M. (1976). A line, not a space, represents visual distinctness of
borders formed by different colors. Science, 191(4230), 954-7.

Webster, M. A., De Valois, K. K., & Switkes, E. (1990). Orientation and spatial-frequency
discrimination for luminance and chromatic gratings. Journal of the Optical Society of America
A, 7(6), 103449,

Webster, M. A. & Mollon, J. D. (1994). The influence of contrast adaptation on colour appearance.
Vision Research, 34(15), 1993-2020.



