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Lightness contrast in CRT and

paper-and-illuminant displays
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University of Trieste, Trieste, Italy

The increased use of CRTmonitors for displaying and controlling stimuli in studies of surface color
poses problems of comparability with data obtained with traditional paper-and-illuminant methods.
A review of comparable studies using the two methodologies revealed that CRTstudies tend to re
port larger contrast effects. To investigate factors that may be responsible for this difference, si
multaneous lightness contrast was measured using both CRT and paper-and-illuminant presenta
tions. The spatial distribution of luminance in the whole field of view and the visual angles subtended
by the displays were controlled. The CRTpresentation yielded contrast effects twice as big as those
measured for a paper surface in a homogeneously illuminated room. However, a paper display under
Gelb lighting yielded almost exactly the same effect size as that measured in the CRTpresentation.
These results demonstrate that contrast effects in both modes of presentation are affected by the spa
tial distribution of luminance beyond the basic experimental stimuli.

Increasingly, investigators ofachromatic surface color
(lightness) have been reporting experiments based on

judgments of surfaces simulated on CRT monitors
(Agostini & Proffitt, 1993; Arend & Goldstein, 1987a,
1987b; Arend & Reeves, 1986; Arend & Spehar, 1993a,
1993b; Bruno, 1994; Kingdom & Moulden, 1991; Para
diso & Nakayama, 1991; Schirillo, Reeves, & Arend,
1990; Schirillo & Shevell, 1993a, 1993b; Shevell, Hol
liday, & Whittle, 1992; Whittle, 1992). Using computer
simulations involves careful control of the spatial distri

bution of monitor intensities to evoke visual responses
equivalent to those evoked by surfaces and illuminant.
However, perfect equivalence is hard to achieve in prac
tice. This difficulty has consequences for the compara
bility of CRT data with data obtained with paper-and
illuminant methods. What differences in the overall
intensity distributions can be allowed without affecting
comparability? What characteristics of CRT monitors
and ofpaper-and-illuminant displays make it difficult to
equate corresponding spatial distributions ofluminance?

These are empirical questions, and answers to them are
critical to the development of the field. Yet, to this date

no published work has addressed them. In this paper, a
first step is made in this direction by measuring one of
the most basic effects oflightness perception, simultane
ous contrast, in several comparable CRT and paper-and
illuminant displays.
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In simultaneous lightness contrast (SLC), two achro
matic surfaces are presented side by side on black-and
white backgrounds. The surfaces have the same reflec

tance, but they appear to be different. The surface
surrounded by black appears to be lighter; that sur
rounded by white, darker. In most studies ofcontrast, the
size of this difference (the contrast effect) is reportedly
rather small. A number of paper-and-illuminant studies
of the standard contrast arrangement have reported ef

fects on the order ofabout 1 Munsell unit (Gibbs & Law
son, 1974; Gilchrist, 1988; Gilchrist, Delman, & Jacob
sen, 1983; White, 1981), In studies ofcontrast involving
a greater degree of spatial articulation, even weaker ef
fects have sometimes been reported. 1 For instance, Agos
tini and Gerbino (1989) placed middle gray surfaces in a
context made of disks on a homogeneous background.

The disks were either white on a black background or
black on a white background. The whole display was
mounted on a curved surface and placed in a viewing
box. Observers viewed it through an aperture so that the
display filled their field of view. Observed contrast ef
fects were on the order of 0.5 Munsell units. Only a few
paper-and-illuminant studies reported somewhat larger
contrast effects. For instance, Burgh and Grindley (1962)
found average contrast effects of about 2 Munsell units
in the traditional bipartite arrangement.

How do these results compare to CRT measures of
contrast? A first answer may be found in CRT studies
that can be compared to corresponding paper-and
illuminant studies either because they used displays that
were similar spatially or because ofcomparable levels of
articulation. For instance, Bruno (1994) replicated pre
vious paper-and-illuminant experiments by Gilchrist
(1988) using a CRT simulation. The CRT display was
equivalent to Gilchrist's in terms ofluminances and spa
tial relationships, but it subtended a smaller visual angle
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than Gilchrist's and it was observed in an otherwise dark

room. Bruno found contrast effects as large as 2.5 Mun

sell units under conditions comparable to those where

Gilchrist found effects of about 1 unit. In a number of

CRT studies, Arend and his collaborators placed center

surround displays similar to those used to demonstrate

SLC within the context of larger achromatic Mondrians

(for a summary of all these studies, see Arend, 1994).

Typical displays for these studies did not fill the entire

field of view. However, because of the spatial articula

tion provided by the Mondrian surround, they could be

taken as somewhat comparable to those of Agostini and

Gerbino (1989). Arend reported overall deviations from

correct Munsell matches to be of the order of 1.0-1.5

units. In conclusion, it seems that CRT studies of con

trast report somewhat larger effects than comparable

paper-and-illuminant studies. Candidate explanations

for this unexpected difference are naturally grouped into

three categories.

The first category consists of factors that cannot be

separated in principle from the method of presentation.

For instance, a monitor is a light-emitting device, whereas

surfaces reflect light from the illuminant. However, this

difference should be irrelevant as long as the spatial dis

tribution of light at the eye is kept the same. More con

cretely, most monitors have intensity ranges of about

2 logarithmic units and resolution of 256 discrete gray

levels. It is possible that range, small imperfections in

monitor calibration, or both, contribute in some unknown

way to increasing contrast effects. With paper-and

illuminant displays, on the other hand, it is often quite

hard to achieve complete control of the spatial distribu

tion of the illumination and to measure it accurately. Un

wanted and unnoticed spatial variation of the illumina

tion, or failures to measure it to a satisfactory degree of

accuracy, may also affect measures of contrast in some

unknown way. However, the effect ofthese factors should

not be systematic across different studies.

The second category consists of factors that are read

ily separated from the method of presentation, but tend

to be correlated with it for reasons of convenience. For

instance, monitor studies often tend to employ displays

that subtend smaller visual angles than do displays used

in paper-and-illuminant studies. Given that edge dis

tances are known to have a small but measurable effect

(Freeman, 1967; lund & Armington, 1975), it could be

that this provokes a detectable increase in contrast. It

may be that monitor outputs suffer from imperfections in

calibration, or display luminances on the monitor may be

affected by veiling light and reflections off the monitor

glass, or pixel texture may alter actual luminances on the

screen. It might be that subtle effects of this kind are re

sponsible for the difference. However, it seems unlikely

that the discrepancy in data obtained with the two meth

ods is due to these factors. Most investigators are well

aware of them, and the reviewed studies carefully con

trolled for them.

Finally, the third category consists of factors that are

separable in principle from the method of presentation,
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but are difficult to separate in practice. Of chief interest

are the observation conditions for a monitor display. In

typical studies, CRT-simulated displays are presented in

a dark or dimly lit room. Thus, the monitor becomes an

area of relatively high mean luminance, surrounded by

darkness or near darkness. Having the monitor as the

only source of light in the room is desirable for a num

ber ofreasons. First ofall, turning offother sources of il

lumination eliminates the possibility of veiling light,

allowing more precise control of display luminances.

Second, it prevents reflections from forming on the

screen, again allowing better control of luminance and

increasing display realism. On the other hand, in many

paper-and-illuminant studies, observers are able to see

both the experimental display and the surfaces surround

ing it. Thus, once the whole field of view is taken into

account, paper-and-illuminant displays may involve a

rather different overall spatial distribution of luminance

than CRT displays even if the luminances of the SLC

stimulus are carefully equated.

There are reasons to suspect that observation condi

tions may be an important factor in accounting for the

observed difference in SLC effects between CRT and

paper-and-illuminant displays. For one, it is instructive

that Burgh and Grindley (1962) reported unusually large

contrast effects despite their using a paper-and-illuminant

method. In their experimental setup, the display was sur

rounded by an otherwise dark field so that their observa

tion conditions closely mimicked those that are typical

of CRT studies. Another factor may be lightness effects

observed on surfaces placed under a strong beam oflight

but otherwise surrounded by darkness. Gelb (1929)

showed that a black surface appears white if it is illumi

nated in such a way that the border of the illumination

coincides with the border of the surface and the rest of

the field is in darkness. That the surface appears white is

perhaps not too surprising, for the system has informa

tion concerning only the relationship of this area ofhigh

luminance to the rest of the field, which is dark. How

ever, anybody who has tried demonstrating the Gelb ef

fect knows that these conditions are rarely attained in full.

In most cases, one is able to cast a strong beam of light

on a black surface suspended in front of a wall, but the

wall is also illuminated in part. Even in these conditions,

however, the black surface appears almost white to most

observers, a fact consistent with the speculation that the

illumination border somehow prevents placing the sur

face in the appropriate relationships to the other lumi

nances in the field of view.

EXPERIMENT 1

The first experiment consisted of a basic comparison

between the two methods of presentation. Two sets of

displays were created that had the same spatial distribu

tion ofluminances and subtended the same visual angle.

The CRT displays were observed using the customary

procedure-that is, with the monitor in an otherwise dark

room. The surface displays were illuminated by a beam
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adjusted in such a way that the border of the beam coin

cided with the outside edge ofthe SLC stimulus. We call
this manipulation Gelb lighting, by analogy with the
Gelb effect. By placing the surface displays under Gelb
lighting in both methods ofpresentation, we were able to

present the SLC stimuli as areas of relatively high lumi
nance surrounded by near darkness.

Method
Observers. Forty-eight observers volunteered. They were all

undergraduate or graduate students of the University of Trieste

who were naive to the rationale of the study.

Proximal stimuli. Spatial distributions of luminances are il

lustrated in Figure I. Four versions of the standard SLC display

were constructed by combining two large rectangular areas (3.5° X

5° of visual angle) and presenting them side by side. One of these

was always the highest luminance (75 cd/rn") and appeared white.

The other had a luminance of 1.5, 11,23, or 75 cd/m 2. Centered on

this second area was a smaller square area (the target), which had

a constant luminance of 16 cd/m-' in all displays. Centered on the

highest luminance area was a set of 16 smaller rectangles, graded

in luminance so as to encompass the whole Munsell scale, from

black (2.0/) to white (9.5/). Thus, in two ofthe four displays the tar

get was an increment relative to its surround. In the other two, the

target was a decrement. In one of the decrements, the surface sur

rounding the target and that surrounding the matching scale were

actually the same surface (see Figure 1). These displays served as

a control condition, as explained later.

Distal stimuli (equipment and conditions). In the Gelb con

dition, the displays consisted ofColor-Aid papers mounted on card

board and then carefully compared with the Munsell scale to obtain

the best possible approximation to their Munsell value. Approxi-
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Figure 1.Spatial distribution ofluminances in the basic simultane
ous lightness contrast displays used in the experiments. Correspond
ing Munsell values refer either to actual values of paper displays or
to simulated valueson CRT displays. The bottom decrement is a con
trol display where no effect is predicted.

mate Munsell values of these papers (Figure I) were 9.5/ for the

highest luminance surround, 2.0/, 4.0/, and 6.0/ for the other sur

rounds, and 5.0/ for the target. The Munsell scale that was placed

on the highest luminance surround was made ofactual Munsell pa

pers. The displays were mounted on a white wall and seen from

2 m. A rectangular beam oflight from an adjustable halogen lamp

was cast on the wall so that its illumination edges coincided exactly

with the outer border of the display. This condition was run in a

large room dimly illuminated by indirect light that also originated

from the halogen lamp.

In the CRT condition, the displays consisted of luminous areas

presented on a carefully calibrated Silicon Graphics RGB monitor

(256 gamma-corrected gray values, 1280 X 1024 pixels, 60 Hz re

fresh rate). Monitor calibration was performed in two steps. First,

we obtained photometer readings ofthe darkest and brightest grays

that could be produced on the monitor and adjusted the contrast and

brightness switches to bring them into the appropriate range. Next,

we measured luminances at different areas ofthe monitor and at dif

ferent gray values, and we then fitted appropriate polynomials to

obtain the equation for converting software-specified intensities to

the desired luminances. The luminance, spatial characteristics, and

the viewing distance of these areas were controlled so that the re

sulting proximal stimuli were the same as those of the Gelb condi

tion. That is, the whole screen was divided vertically into two areas

that simulated the background luminances of the paper display. In

this way, the simulated display was surrounded by the frame of the

screen, which was hardly visible. As in the former condition, these

CRT-simulated surfaces were observed in a room that was dimly il

luminated by indirect light originating from the monitor.

Procedure. Observers waited in a normally illuminated area;

they walked into the room and were immediately taken in front of

the white wall (Gelb condition) or seated in front of the monitor

(CRT condition) at the appropriate distances. After they had seen

the display, the experimenter read the following instructions while

pointing to the corresponding surfaces: "In front of you is a square

paper attached to the center of a rectangular cardboard. Next to it

is a series ofrectangular gray patches ranging from white to black.

Your job is to identify the patch that has been cut from the same

gray paper as the square paper." Observers responded by pointing

to one of the patches and then left the room. Each observer per

formed one match in one condition only.

Results
Figure 2 illustrates median contrast effects and distri

butions of matches in the two conditions. Contrast ef

fects were measured as differences in Munsell units be
tween the median match in the control displays (where
no contrast effect was expected) and observer matches in
the other three displays. Here as well as in the second ex
periment, we chose to measure contrast effects relative to
the control condition because, as stated above, the paper

target was not a Munsell paper, and its exact Munsell
value could only be approximated. In fact, the median
Munsell match for the target in the Gelb condition con

trol, at least in the present observation conditions, turned
out to be 5.5/. As can be seen from the histograms, con
trast effects were almost exactly identical with both meth
ods ofpresentation. Additionally, they were much larger
than those reported in most paper-and-illuminant stud
ies. Median contrast effects were 2.75/ Munsell units for

all CRT and Gelb increments, 1.75/ for the CRT decre
ment, and 2.5/ for the Gelb decrement. The difference
between decrements was significant (Mann-Whitney U =
.5,p < .01).



CRT in a dark room Paper under GELB lighting

CRT VS. PAPER-AND-ILLUMINANT 253

imately homogeneous illuminations for the whole field

of view. In these two latter cases, the entire field ofview

was perceived as being under the same illumination.

Medlans

Jl.. ~ ~
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Matches

Contrast effect (Munsell units)

Figure 2. Median contrast (top) and distributions of effects (bot
tom) in Experiment 1 for the larger increment, the smaller incre
ment, and the decrement displays. Contrast effects were measured as
differences, in MunseD units, between individual MunseD matches
for a given display and the corresponding median match for the con
trol decrement.

Discussion

These results suggest that CRT estimates of contrast

may be biased by the observation conditions that are typi

cal ofCRT studies. When these are reproduced in a paper

and-illuminant display, the size of the contrast effect is

increased in a fashion that is very similar to what is ob

served in a CRT display.

EXPERIMENT 2

If the different behavior of contrast on a monitor dis

play is due to the fact that the monitor is an area ofhigher

luminance within a dimmer context, it should be possi

ble to control the size ofthe contrast effect in paper-and

illuminant displays by including progressively more of

the context within the same area of higher mean lumi

nance. To test this possibility, we performed a second ex

periment. Starting from the Gelb condition of Experi

ment 1, where the illumination edge coincided with the

outer border of the SLC stimulus, we first enlarged the

size of the beam so as to include part of the context

within the same illumination edge. As a result of this ma

nipulation, a larger area of the field of view was per

ceived under the same framework of illumination. Then,

we repeated our measurements using two kinds ofapprox-

Method .
Observers. An additional 72 observers volunteered. They were

all undergraduate or graduate students of the University of Trieste

who were naive to the rationale of the study and who had not par

ticipated in the first experiment.

Stimuli, Apparatus, Procedure, and Design. The method was

the same as that of Experiment 1, with the following changes. First,

in this experiment we used only paper surfaces. Second, we ma

nipulated the spatial modulation of the illumination as well as the

visibility ofthe surrounding context. More precisely, we measured

contrast effects in three different conditions. In the enlarged con

dition, the beam of light cast on the displays was changed so as to
illuminate a circular area on the wall (diameter = 30° of visual

angle) centered about the displays. In the homogeneous condition,

the illumination was modified so that the whole room was illumi

nated by an approximately homogeneous illumination. Finally, in

the daylight condition, the displays were simply placed in a small

garden outside our laboratory on a moderately sunny day. Except

for the change in the surrounding context, the luminances and the

spatial characteristics of the displays were exactly the same as

those in the previous experiment. Note, however, that this was not

true in the daylight condition, where we had no control over the

illumination.

Results

Figure 3 illustrates median contrast effects and distri

butions ofmatches in the three new conditions. The distri

bution of effects in the Gelb condition of the previous

experiment is also plotted for comparison. As in the pre

vious experiment, contrast effects were measured as dif

ferences relative to median matches in the control displays,

which were 5.25/ in the enlarged and in the homoge

neous conditions, and 5.75/ in the daylight condition.

Relative to the Gelb condition of the previous experi

ment, in the homogeneous condition, contrast effects were

reduced from 2.75/ to 0.75/ Munsell units for increments

and from 2.5/ to 0.25/ for the decrement. All these dif

ferences were significant (Mann-Whitney U < 4 for all

three displays; p < .02 or smaller). In the enlarged con

dition, contrast was also reduced, from 2.75/ to 1.75/ for

increments and from 2.5/ to 0.25/ for the decrement.

These differences were also significant (U < 1.5; P <

.01), except for the smaller increment, which failed to

reach significance (U = 8,p > .1). Contrast effects in the

daylight condition were only slightly larger than those in

the homogeneous condition. They were 1.0/ and 1.5/

units for the larger and the smaller increments, respec

tively, and 0.75/ units for the decrement.

Discussion

These results confirm that the size of the contrast

effect is due to the influence of the luminances outside

of the SLC stimulus. As a larger portion of the field of

view is included within the same framework of illumi

nation as the SLC stimulus, the contrast effect is reduced.

Contrast effects obtained in the homogeneous condition

are comparable to those found in typical paper-and-
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Figure 3. Median contrast and distributions of effects in Experiment 2. Layout of histograms and bar
charts as in Figure 2. As in Experiment 1, contrast effectswere measured as differences, in Munsell units,
between individual Munsell matches for a given display and the corresponding median match for the con
trol decrement.

illuminant experiments. In the daylight condition, which
should be the most ecologically valid, the size ofcontrast

was slightly larger than in the homogeneous condition.
This is likely due to uncontrolled variations in the spa
tial distribution ofluminance during slight changes in sun
light during the day. Presumably, repeated measures over
different days would converge to the same value we ob
tained in the homogeneous condition. Thus, results from
these two conditions provide the best approximation to
the size of contrast under natural viewing conditions.
Relative to these conditions, contrast increased as the

spatial distribution of illumination included less of the
context. This finding suggests a way of controlling and
maybe reducing contrast effects in CRT-simulated
displays.

EXPERIMENT 3

The aim of the third experiment was to test whether
contrast effects on CRT-simulated displays can be re
duced by providing a larger context. One might think
that this could be done just by turning on the light in the
laboratory so that the larger context becomes visible.
However, this solution has two serious problems. The
first concerns reflections. Light reflected off the glass
screen would create a veiling luminance on the display

and possibly areas ofhighlight. This would hamper con
trol of display luminances. The second concerns the ap
parent distribution of the illumination. Consider, for in
stance, what would happen if one tried to provide a
larger context to the monitor by surrounding it with a
surface. In the typical viewing conditions for a monitor
study, the surface would not be illuminated, and the
monitor would still be an area of high luminance sur

rounded by darkness. If the surface were illuminated, on
the other hand, it would be difficult to equate the inten
sity and spectral composition ofthis added illumination
to the simulated illumination on the monitor display.
Given these practical difficulties, we decided to keep the
monitor as the only source of light in the room and to ex

plore instead the effect ofproviding a context within the
monitor itself. This strategy has been already used in
some CRT studies (see Arend, 1994), but has never been
investigated in a direct fashion.

Method
Observers. An additional 36 observers volunteered. They were

all undergraduate or graduate students of the University of Trieste
who were naive to the rationale of the study and who had not par

ticipated in the first two experiments.

Stimuli, Apparatus, and Procedure. The method was the same

as that of Experiment I, with two exceptions. First, in this experi
ment we only used displays simulated on a CRT. Second, we ma-



nipulated the spatial characteristics of these displays as well as the

simulated context surrounding them. More precisely, we measured

contrast effects in three different conditions. In the small CRT con

dition, we applied a black cardboard mask on the monitor so that

it covered the screen. This mask had a rectangular hole in the mid

dle (5° X 2°). Through this hole, observers could see the same SLC

display that we had used in the first experiment, rescaled in size to

fit the portion of the monitor that could be seen through the hole.

This condition served as a baseline measurement to control for the

change in visual angle relative to the CRT display ofExperiment I.
In the gray surround condition, we removed the cardboard mask and

surrounded the rescaled SLC display with a homogeneous field,

which appeared middle gray (16 cd/m"). Finally, in the Mondrian

surround condition, we replaced the gray field with a Mondrian

pattern. The luminances ofthe Mondrian were random samples with

replacement from a population of equally probable luminances
(I < L < 75 cd/m "),

Design. The experimental design was similar to that of the first

two experiments. However, to further simplify it we dropped the

higher increment, which yielded essentially the same magnitude of

contrast as the second increment. For the same reason, we also

dropped the control display, which served the purpose of control

ling for approximation errors in estimating Munsell values, and
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was therefore not necessary on a CRT. Additionally, each observer

also performed two separate matches. One was the familiar match

with the simulated Munsell scale, which was surrounded by a white

area and was presented on the side of the area surrounding the tar

get. The other was a match with an actual Munsell scale, having the

same number of steps and the same range as the simulated scale.

The actual Munsell scale was placed on the floor below the table

supporting the monitor. It was illuminated by a lamp placed on top

of it so as to be invisible to the observer. The order of these

matches was counterbalanced across observers.

Results

Distributions of contrast effects and median matches

are illustrated in Figure 4 for both the simulated and ac
tual Munsell scales. As stated earlier, contrast effects in
this experiment were measured as deviations ofmatches
relative to the simulated Munsell value of the target.

Consider first matches using the CRT-simulated scale.
Relative to the small CRT baseline, only the Mondrian
surround condition yielded smaller median effects for

both increment and decrement displays. However, this
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Figure 4. Median contrast and distributions of effects in Experiment 3 for the increment
and decrement displays and using either a simulated oractual Munsen matching scale. Con
trast effects were measured as differences, in Munsell units, between individual matches for
a given display and the corresponding simulated Munsen value.
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reduction was small relative to the variability between

observers, and failed to reach significance (U = 13 and

12.5, p > .4 and .3 for the increment and the decrement,

respectively). The median values of the small CRT and

gray surround conditions were identical. Next, consider

matches using the Munsell paper scale. Relative to the

small CRT baseline, the gray surround data showed a

smaller median contrast for the increment, but not for

the decrement; the former difference failed to reach sig

nificance (U = 11.5, P > .2). The Mondrian surround

condition showed a smaller median contrast for incre

ments, but a greater median contrast for decrements.

Again, however, no difference was statistically signifi

cant (U = 14 and 14.5,ps > .5, for increments and decre

ments, respectively). Overall, median contrast effects

were also consistently smaller when measured using the

actual Munsell scale than when matching to the simu

lated scale on the CRT. However, this difference was sig

nificant only for decremental displays (Wilcoxon signed

rank test, Z = -2.844, P < .01). In the case of incre

ments, the difference failed to reach significance (Z =
-.847,p> .3).

Discussion

Contrast measured on a monitor may be affected by a

context surrounding the simulated SLC stimulus. How

ever, this effect of context appears to be rather weak and

it fails to reach statistical significance. Our failure to

find significant differences in this study is likely due to

our small sample size and consequent inadequate power.

However, further work is certainly needed to determine

if this speculation is correct. Given the results ofExper

iments 1 and 2, it was to be expected that the inclusion

of a larger context would contribute to reduce the con

trast effect in the CRT simulation. However, three other

features of the present results were not predictable from

the previous experiments. First of all, it is noteworthy

that even a background possessing a high degree of ar

ticulation fails to reduce contrast to the levels that are

found when the whole field ofview appears to be within

the same framework of illumination. Based on our re

sults from the homogeneous and daylight conditions of

Experiment 2, these seem to be on the order of 0.75-1

Munsell units for increments and of 0.25-0.75 units for

decrements, about 1 unit smaller than corresponding

contrast effects in the Mondrian surround condition of

the present experiment. Therefore, this result seems to

indicate that stimulation from the peripheral, and un

controlled, visual field has a measurable effect on the

contrast even when the SLC stimulus is surrounded by a

highly articulated field. A second unexpected result is

that contrast was actually reduced in the small CRT con

dition relative to the CRT condition of Experiment I.

Based on earlier results on the effect ofvisual angle (Free

man, 1967) and of relative edge distance (Jund & Arm

ington, 1975), one would have expected the opposite

outcome, or no difference. Given the small sample size

employed in this study, however, we are not in a position

to speculate on this result. Finally, also unexpected is the

finding that there is a reliable difference between matches

to increments, but not to decrements, when using a CRT

simulated scale as opposed to using an actual Munsell

paper scale. A possible interpretation for this difference

may be found by noting that the actual Munsell scale was

placed under a different illumination than that simulated

on the monitor. Therefore, when performing matches to

the actual Munsell scale, observers were really matching

surfaces in front ofdifferent backgrounds and also under

different illuminations. This might have introduced a

different source ofvariation in lightness matches. In fact,

it is known that when two identical surfaces are placed

under two different illuminations, lightness constancy

shows a partial failure, and this failure is larger for in

crements than for decrements (Jacobsen & Gilchrist,

1988). Perhaps failures of constancy under two per

ceived illuminations for the monitor and the actual Mun

sell scale interacted in some way with the effect of con

trast, and this caused the different behavior of increments

and decrements.

GENERAL DISCUSSION

The present results suggest that a major factor affect

ing the size of the SLC effect in both CRT and paper

and-illuminant displays is the spatial distribution oflumi

nances beyond the basic experimental stimuli. However,

in a CRT display the spatial distribution ofluminance can

be easily controlled only within the monitor itself. Possi

ble interactions between luminances on the monitor and

those on the rest ofthe visual field are not controlled. On

the other hand, satisfactory control of all luminances in

the whole field is more easily achieved by a paper-and

illuminant method. However, even paper-and-illuminant

studies of contrast often neglect to measure and report

luminances beyond the basic stimuli. For instance, a quick

perusal of lightness data published in Perception & Psy

chophysics between 1970 and 1990 revealed that, out of

32 published papers, only 14 reported measurements of

luminances beyond the basic stimuli, although some re

ported that the surround ofthe basic stimuli was covered

with black velvet or painted black. Only 13 provided

enough information to determine if the surround filled

the entire field of view. Several did not describe the ar

rangement in sufficient detail to speculate as to whether

the surround appeared to be under the same framework

of illumination as the basic stimulus. Thus, investigators

using both methods should be made aware of the need to

measure and control all the luminances in the visual field.

Whether this can be achieved satisfactorily in a CRT

presentation remains to be determined. In this paper we

explored two compromise solutions, based on surround

ing basic CRT stimuli with a gray surround or with a

richly articulated background. The first manipulation

seems to have been only marginally successful in bring

ing down the size of measured contrast effects to values

more similar to those observed when the basic stimuli

are in the same framework of illumination as the rest of

the visual field. This limited degree of success might be



due to an inadequate choice of the luminance for the

gray surround. According to some reports, a gray sur

round equal to the spatially weighted average of a chro

matic Mondrian has the same effect as that of the Mon

drian itself on the chromaticity of a patch (Valberg &

Lange-Malecki, 1990). Given that our gray surround was

not a spatially weighted average of the Mondrian (al

though it was not too far from it), it is possible that se

lecting the appropriate value would have caused the gray

surround to behave more like our second explored com

promise, which involved precisely a Mondrian. In other

studies, however, the notion of an "equivalent back

ground" has proved of limited value in predicting light

ness matches (Bruno, 1992; Schirillo & Shevell, 1993a,

1993b). The second compromise solution, used in sev

eral published works by Arend and his collaborators (see

Arend, 1994), yielded a trend in the direction of a re

duction of observed contrast. However, this trend failed

to reach significance and a substantial difference re

mained. This should be taken into consideration if the

absolute size of contrast is of theoretical concern.

Although the present results were quite clear in iden

tifying an often uncontrolled factor affecting the size of

SLC, a number of other questions remain. One concerns

the explanation of the effect ofGelb viewing conditions.

It is possible, for instance, that the change in the size of

contrast is due to interactions between receptor gain con

trols as the retinal periphery is put in conditions of near

dark adaptation. However, preliminary observations

from another laboratory (A. Gilchrist, personal commu

nication, September 1994) suggest that a similar change

in the size of contrast is observed even if the SLC stim

ulus is placed under a shadow in an otherwise highly il

luminated room, a condition that might be called Kardos

lighting (Kardos, 1934). Another possibility is that the

critical factor is not surrounding darkness per se, but the

fact that the basic SLC stimulus and the dark (or light)

surround are perceived to lie under different frameworks

of illumination. Recent work by Cataliotti and Gilchrist

(1995) suggests that edge integration within local and

global frameworks may indeed be a critical factor in de

termining the outcome of lightness computations in

Mondrian-like scenes. Given that the present experi

ments were not designed to address mechanisms respon

sible for the effect of Gelb lighting, however, we are not

in a position to reach any final conclusion on this issue.

A second unanswered question concerns the relevance

of the present results to studies of surface color con

stancy under CRT-simulated spatial variations of the il

lumination. A number of studies have looked at this

question using a CRT methodology (Arend & Spehar,

1993a; Arend & Goldstein, 1987a, 1987b; Bruno, 1994;

Schirillo et al., 1990; Schirillo & Shevell, 1993a, 1993b).

Several other studies have used CRT displays to study a

similar question with chromatic surface color (Arend,

1993; Arend & Reeves, 1986; Arend, Reeves, Schirillo, &

Goldstein, 1991; Craven & Foster, 1992; Foster, Craven,

& Sale, 1992; Lucassen & Walraven, 1993). None ofthese

studies controlled the intensity and the spectral compo-
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sition oflight from the visual field surrounding the mon

itor. It is possible, therefore, that these measurements

were also affected to some extent by those uncontrolled

luminances. However, in a preliminary study of failures

of lightness constancy under variations of real and CRT

simulated illuminations, we failed to find significant dif

ferences in pattern between paper and CRT displays. Ad

ditionally, during the preparation of this paper we

became aware ofwork on this issue by O'Shea and Savoy

(O'Shea & Savoy, 1995; Savoy & O'Shea, 1993). In a

careful comparison ofchromatic constancy under spatial

variations of the illumination, they found essentially no

differences between the two methods of presentation. It

is possible, therefore, that factors affecting contrast on

CRT simulations do not equally affect measures oflight

ness or color constancy under variations ofthe illumina

tion, perhaps because simulating two or more differently

illuminated areas on a CRT forcibly requires the introduc

tion of a degree of articulation in the simulated display.

Further parametric work is needed to establish if this is

true in general.
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NaTE

I. We use "articulation" as a rough measure of spatial structure and

complexity in the proximal stimulus. Thus, a homogeneous field is less

articulated than a bipartite field such as the background of the simul

taneous lightness contrast stimulus. A bicolored regular checkerboard

is less articulated than a Mondrian. Of course, our working definition

is far from satisfactory. First of ail, it confounds two factors, the num

ber of edges and the number of different luminance ratios in the prox

imal stimulus. Intuitively, we expect these to have very different effects

on lightness. Further, our working definition is structure blind. We

have little doubt that the way edges and ratios are arranged is far more

important than the sheer number of them. Finally, it seems intuitively

necessary that articulation should take into account structure at differ

ent spatial scales.
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