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Abrupt luminance change pops out;
abrupt color change does not

JAN THEEUWES
TNO Human Factors Research Institute, Soesterberg, The Netherlands

The present studies investigated whether an isoluminant color change pops out, indicating that it
can be detected preattentively in parallel. The results of Experiment 1 show that an abrupt color
change presented on an equiluminant background does not pop out. However, when the color change
is accompanied by a small luminance change, it does pop out. The results of Experiment 2 show that
the pop-out is fully due to the luminance change and not to the color change. The results of Experi-
ments 3 and 4 show that the failure to find a pop-out at equiluminance cannot be attributed to the
limited temporal resolution for chromatic stimuli. The results of Experiment 5 show that particular
search strategies cannot be responsible for the obtained results. The resuits are in agreement with
physiological findings regarding the parvo and magno systems.

If a single red object is embedded in an array of green
objects, it is seen immediately without effort; this phe-
nomenon is known as visual pop-out (Treisman & Ge-
lade, 1980). One can speak of a pop-out when the time to
detect the object is hardly affected by the number of ele-
ments in the display (less than 5 or 6 msec per element;
Treisman & Souther, 1985). The object with a unique
feature is detected through early, spatially parallel and
automatic encoding, and its presence tends to call atten-
tion to itself (Treisman & Gormican, 1988). This type of
parallel preattentive processing is contrasted with at-
tentive processing in which serial scanning through the
display is necessary in order to detect the target. In the
latter type of task, the time to find the object linearly in-
creases with the number of elements in the display. The
carly perceptual preattentive encoding causing an object
to pop out from its background is limited to a particular
set of primitive features, such as orientation of edges, color,
brightness, and shape.

Recent evidence shows that abrupt luminance onsets
(e.g., Miiller & Rabbitt, 1989; Theeuwes, 1991b, 1994;
Yantis & Jonides, 1984), abrupt luminance offsets (Theeu-
wes, 1991a), and abrupt luminance changes (Theeuwes,
1990) do pop out in an array of stationary elements that do
not have a luminance change. It has been shown that abrupt
onsets and offsets can capture attention in a stimulus-
driven fashion, indicating that certain properties of the
stimulus capture attention independently of the ob-
server’s intentions (e.g, Theeuwes, 1991b, 1994; Yantis
& Jonides, 1984, 1990; but see Folk, Remington, & John-
ston, 1992).
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It has been suggested that an abrupt visual event cap-
tures attention by triggering the fransient channels in the
primate visual system (e.g., Breitmeyer & Ganz, 1976;
Todd & Van Gelder, 1979; Yantis & Jonides, 1984).
Y cells or magno cells are at the basis of the transient
channel, and these cells with their corresponding retina—
brain pathways are particularly involved in luminance pro-
cessing and respond selectively to abrupt changes in visual
stimulation, such as onsets, offsets, and movement (e.g.,
Livingstone & Hubel, 1988; Zeki & Shipp, 1988). The
magno system is basically color-blind and responds fast to
temporal changes in luminance. X-cells or parvo-cells are
at the basis of what is called the sustained channel. This
channel is relatively slow and is particularly involved in
processing detailed patterns and color information.

This physiological evidence is corroborated by psy-
chophysical experiments on movement perception. For
example, Cavanagh, Tyler, and Favreau (1984) showed
that, relative to a nonequiluminant condition, the per-
ceived velocity of moving red and green equiluminant
sinewave bars was substantially slowed. The grating
often appeared to be static. Subjects only appreciated
some motion because they occasionally noticed that the
bars had changed position. Recently, Liischow and Noth-
durft (1992) showed that subjects could not detect pre-
attentively a single moving line in a stationary texture
when present on an equiluminant background.

The present studies investigated the characteristics of
the transient-sustained (magno—parvo) system in visual
search. More specifically, it was tested whether abrupt
color change at equiluminance can be detected when
subjects are set to look for it. Subjects viewed a multi-
element display consisting of 4, 9, or 19 elements. After
50 msec (Experiments 1 and 2) or 100 msec (Experi-
ments 3 and 4), an identical element was added to the dis-
play. The studies discussed above demonstrated that at-
tention can be captured independently of the observer’s
intentions; however, in the present study, observers were
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set to detect this added element. All elements, including
the added element, had either the same luminance as did
the background (equiluminant) or either a higher or a lower
luminance than the background.

If subjects are capable of responding to any abrupt
temporal change occurring in the visual field, then one
might expect that an abrupt color change does pop out
and can attract attention. Alternatively, if a change in lu-
minance is necessary to allow attention attraction, then
it is expected that no pop-out occurs at equiluminance.
Under the same conditions, a pop-out is expected when
an abrupt luminance change is introduced.

The main interest of the present study was whether an
abrupt change (luminance or color) does pop out and
can be detected in parallel. In other words, when the tar-
get pops out, it must be ensured that the pop-out is due
to the detection of the change and not to any other con-
founding factor. First, there might be confounding ef-
fects of memory. For example, it is possible that an ob-
ject pops out because subjects notice that an element that
previously was not present within the display has been
added. In that case, subjects did not detect the actual
change, but they inferred the change by comparing the
two displays (as for example in Cavanagh et al., 1984).
Second, it is possible that a colored element pops out be-
cause of local chromatic adaptation (Theeuwes & Lu-
cassen, 1993). For example, when subjects are looking at
a display containing green elements against a gray back-
ground, subjects get adapted to the gray and green color.
If one adds a new green-colored equiluminant element to
such a display, the newly added green element will pop
out not because subjects detected the change but because
chromatic adaptation causes the newly added green ele-
ment to have a color and luminance that are slightly dif-
ferent from those of the other green elements (i.e., a sta-
tic odd-man-out). Theeuwes and Lucassen (1993) showed
that chromatic adaptation to a display presented longer
than 100 msec can cause an element to pop out from an
array of other identical elements.

In order to ensure that these confounding effects could
not play a role, large irregular displays were used so that
it was impossible to memorize and compare the sequen-
tially presented pattern of elements. In addition, the tar-
get circle was added either 50 msec (Experiments 1 and 2)
or 100 msec (Experiments 4 and 5) after display onset—
times too short for a chromatic adaptation to build up
(e.g., Theeuwes & Lucassen, 1993).

METHOD

Experiment 1: Green Elements on a Gray Background

Subjects. Two experienced observers (a graduate student, N.K.,
and the author, J.T.) and one naive subject (E.v.E.) participated in
Experiments 1 and 3. In Experiment 2, only the two experienced
observers participated. In Experiment 4, a naive and an experi-
enced observer participated. In Experiment 5, two naive and one
experienced observer participated. All had normal or corrected-to-
normal visual acuity and reported having no color defects.

Apparatus and Stimuli. A NEC Multisync 3D VGA color CRT
(resolution 640 X 350) controlled by an SX-386 Personal Com-

puter (G2) was used for presenting the stimuli. The computer con-
trolled the timing of the events, generated pictures, and recorded
reaction times. The / key and the z key of the computer keyboard
were used as response buttons. Each subject was tested in a sound-
attenuated, dimly lit room. The subject’s head rested on a chinrest.
The CRT was located at eye level, 103 cm from the chinrest.

The display consisted of green outline circles (CIE x,y chro-
maticity coordinates of .306/.588) presented on a gray background
(x,y =.259/.277). The central fixation cross and line segments lo-
cated within the outline circles of the search display were pre-
sented in red (x,y = .548/.407). The gray, red, and green colors
were matched for luminance (approximately 17.0 cd/m? ) by means
of a flicker fusion test (Ives, 1912). In this test, two color patches
were presented at the same location in fast successive order
(60 Hz). The subjects adjusted the brightness of one patch until the
luminance flicker was at a minimum.

Procedure. The task was similar to that in Theeuwes (1991a,
1992; Theeuwes & Lucassen, 1993), consisting of a visual search
task in which there was a clear distinction between the defining
and reported attribute of the target. The subjects responded to the
orientation (horizontal or vertical) of the red line segment appear-
ing in one of the circles of the search display. Because a horizon-
tal or vertical target line segment does not pop out in a field of
slightly tilted line segments, it was ensured that detecting the line
segment required local focused attention (Theeuwes, 1991a; Treis-
man & Gormican, 1988). Throughout a trial, a fixation cross was
presented at the center of the display. The search display consisted
of 5, 10, or 20 green outline circles (1.22° outside diameter and
1.10° inside diameter), which were presented randomly at any of
30 locations in a 6 X 5 rectangular stimulus array (10.1° X 7.0°).
Separation of nearest contours between the circles was 0.80° in the
X direction, and 0.55° in the Y direction.

At the beginning of a trial, the fixation dot at the center of the
screen was presented for 2,000 msec. Along with the fixation dot,
a display was presented consisting of 4, 9, or 19 green outline cir-
cles, each containing a red line segment (0.55°) that was tilted 20°
to either side of the horizontal or vertical plane. The orientations
were randomly distributed in a display. After 50 msec, an addi-
tional green outline target circle, containing either a horizontal or
vertical line segment, was presented at one of the remaining empty
locations of the 5 X 6 array. The line segment located in this added
target circle determined the appropriate response key (the / key for
vertical and the z key for horizontal). The location of the added
target circle containing the target line segment was randomized
from trial to trial. Also, display size (5, 10, 20) was randomized
within blocks from trial to trial. The search display remained pre-
sent until a response was emitted. If no response was made after
4 sec, the trial was counted as an error. Figure 1 provides an ex-
ample of the trial events.

The luminance of both the added green outline circle and all
other green circles was systematically varied between values above
and below the luminance of the background. For each subject, the
luminance value of green at equiluminance obtained by the
flicker criterion was used as a starting point, and the smallest pos-
sible steps (given the equipment) in luminance change around the
equiluminance criterion were determined. This resulted in four lu-
minance steps below and four luminance steps above the back-
ground luminance. In addition, two baseline conditions were in-
cluded: In one condition, the green-outline circle was presented at
about half of the background luminance; in the other, the green-
outline circle was presented at about twice the background lumi-
nance. Subjects J.T. and N.K. performed all 11 luminance condi-
tions. Subject E.v.E. performed 10 luminance conditions. Each
luminance condition was run in a separate block of 90 trials,
in which there were equal numbers of trials at each display size
level (5, 10, 20) and equal numbers of trials with a horizontal or
vertical line segment. The order of presentation of the blocks was
random.



POP-OUT OF COLOR AND LUMINANCE CHANGE

®
00 O
® 00

le—]

@

© O

00 ©

50 00

Figure 1. Example of trial events display size 10. Initially, 9 circles
are presented randomly at any of the 30 locations in a 6 X 5 rectan-
gular stimulus array. After 50 msec, a circle with an identical color
and luminance containing the response requiring line segment is pre-
sented at any of the remaining empty locations (in this particular ex-
ample, at the bottom of the display).

It should be noted that in all conditions the added circle was
equivalent both in color and in luminance to all other circles in the
display. Thus, when the luminance of the added circle was de-
creased or increased, the luminance of the other circles was
changed identically. Because the added circle was equivalent both
in luminance and in color to the other circles, the added circle
could only pop out when the subjects detected the abrupt change.

The outline circle to background luminance ratio (Lg;)o/Lyack.
ground) Was used as a contrast measure. Before each block of 90 tri-
als, the luminance of the green circles was changed, and its col-
orimetric and photometric characteristics were measured by means
of a spectro-radiometer (Photo Research, type: PR 703 A/M). Only
the luminance of the green circle was changed but not its chro-
maticity coordinates. The luminance of the red line segments in-
side all green circles (including the added circle) was equiluminant
with the background and remained constant during the whole ex-
periment. Note that across luminance conditions, the luminance of
the response requiring line segment remained constant and was
equiluminant with the background.

Within each block of trials, there were short breaks after 45 tri-
als in which the subjects received feedback about their perfor-
mance (percentage errors and mean reaction time) on the preced-
ing block of trials. The subjects were aware that the outline circle
that was added 50 msec later contained the response-requiring line
segment. They were instructed to look for the added circle. Both
speed and accuracy were emphasized. A warning beep informed
the subject that an error had been committed.

639

Experiment 2: Gray Elements on a Gray Background

Experiment 2 was identical to Experiment 1, except that the out-
line circles were now gray. The line segments in the outline circles
were red equiluminant with the background (all colors had the
same CIE values as in Experiment 1). Note that at equiluminance,
the outline circles were identical to the background, so that the stim-
ulus field only consisted of equiluminant red line segments. Sub-
ject LT. performed 9 luminance conditions, Subject N.K. per-
formed 10 luminance conditions.

Experiment 3: Green Elements on a Gray Background With
a 100-msec Interstimulus Interval

Experiment 3 was identical to Experiment 1, except that the in-
terstimulus interval (ISI) between the stimulus field and the target
circle was 100 msec instead of 50 msec. Both subjects performed
10 luminance conditions in a random order.

Experiment 4: Detecting a Color Change of a Single Element

Experiment 4 served as a control experiment in which the sub-
jects had to detect an equiluminant color change of a single circle
that was presented randomly at any of the 30 locations in the 6 X 5
rectangular stimulus array. At the beginning of a trial, a fixation
dot was presented at the center of the screen for 2,000 msec. One
hundred fifty milliseconds before display onset a black dot indi-
cated the location where the circle would be presented. The black
dot (0.12°) presented at the center of the impending circle served
as an exogenous location cue to ensure that there was no spatial un-
certainty regarding the location of the impending circle. Upon dis-
play onset, the black dot was extinguished and an equiluminant red
or green circle was presented for either 0, 17, 33, 50, 67, 83, or
100 msec immediately followed by an equiluminant green circle
presented for 4 sec. The subjects indicated whether or not they saw
ared circle preceding the green circle. The subjects performed 20
trials in each condition. The red- and green-outline circles and
gray background were matched for luminance.

Experiment 5: Green Elements on a Gray Background
With a 100-msec Interstimutus Interval

Experiment 5 was identical to Experiment 3, except that the
subjects performed a fixed number of luminance conditions (Sub-
ject K.H. performed 7 conditions, and Subjects F.K. and N.K. per-
formed 6 conditions), which were varied within one single block
of trials. The luminances of the outline circles used in this experi-
ment were close to the background luminance giving luminance
contrast ratios (L;ge/Lpackgrouna)> Which were close to 1. Each lu-
minance condition consisted of 48 trials, with 16 trials in each dis-
play size condition.

RESULTS AND DISCUSSION

Experiment 1

The best-fitting linear search functions (reaction time
as a function of number of elements in the display) were
calculated for each subject, at each luminance contrast
ratio. Table 1 gives the search slopes, intercepts, and error
rates.

Figure 2 presents these slopes as a function of lumi-
nance contrast 1atio (Licie/Lyackground): The dotted lines
in Figure 2 indicate the 6-msec/element slope. Search
functions with slopes less than 6 msec/element are con-
sidered to be characteristic of search processes for ele-
ments that pop out. As is clear from Figure 2, at near
equiluminance, the target element does not pop out and
serial search is required to detect the target.
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Table 1
Slopes, Intercepts, and Error Scores for the Various Contrast

Ratios (L /Ly, ) in Experiment 1
Luminance Contrast Intercept* Slopet Error Score}
Subject L.T.
0.46 465 —0.11 9.0
0.81 529 -0.57 7.7
0.86 576 1.21 6.4
0.92 656 11.37 7.7
0.99 564 51.74 5.1
1.06 471 72.86 15.4
1.13 804 30.90 2.6
1.20 526 28.77 5.1
1.27 575 3.68 77
1.38 518 —0.56 10.2
1.98 448 —0.26 7.7
Subject N.K.
0.45 583 -1.46 6.4
0.68 709 -0.22 6.4
0.81 597 7.39 6.4
0.87 576 18.29 7.7
0.92 528 41.69 7.7
1 529 49.00 7.7
1.07 586 64.72 9.0
1.13 631 29.08 9.0
1.18 625 31.06 6.4
1.37 683 8.51 9.0
1.83 621 0.47 7.7
Subject E.v.E.
0.49 570 —1.65 0.0
0.84 589 -4.45 25
0.93 569 -0.67 38
1.00 610 1.40 1.3
1.08 590 9.17 3.8
1.16 656 24.80 6.4
1.21 562 14.76 3.8
1.34 504 6.52 2.6
1.43 574 0.45 1.3
2.04 602 —0.70 1.3
*Intercept values are given in milliseconds. tSlope values are given in
milliseconds/element.  fError scores are precentages.

When a difference in luminance contrast is intro-
duced, the search functions become flat, indicating that
the target element starts to pop out. With small contrast
ratios (between 0.8 and 1.2), search functions that can be

thought of as mixtures of complete serial search, as found
for the equiluminant condition (slopes of 20-80 msec/
element), and complete parallel search (less than 6 msec/
element), as found for the larger contrast ratios (less then
0.8 and more than 1.2). Such a mixture might possibly
occur because, only on some trials, attention is attracted
to the target element. Alternatively, because the pop-out
is relatively weak, attention might be attracted to an ap-
proximate area where the added element is located, re-
quiring still some serial search to exactly locate the target.

Experiment 2

Table 2 gives the search slopes, intercepts, and error
scores for Experiment 2. Figure 3 presents the slopes as
a function of contrast ratio (Lrcie/ Lpaciground)- The lon-
gest search time is to be found at a luminance ratio of 1,
because then the gray circles are identical to the back-
ground. In this condition, the stimulus field consists of
equiluminant red line segments. The line segment that is
added later obviously does not pop out on an equilumi-
nant background, a result that confirms the findings of
Experiment 1. Figure 3 is comparable to Figure 2, sug-
gesting that the pop-out observed in Experiment 1 was
completely due to the difference in luminance and not to
the difference in color. An equiluminant color change has
obviously no access to the preattentive system that can
signal the presence of the added element.

Experiment 3

The 100-msec display-to-target circle interval was in-
cluded because it is possible that in Experiments 1 and 2
the target circle at equiluminance did not pop out be-
cause it was presented with such a short interval. In order
to ensure that the absence of a pop-out at equiluminance
is not due to limitations in the time domain (e.g., at 50-
msec IS, the target circle does not pop out because it ap-
pears to be presented at the same time as the stimulus
display), Experiment 3 with an ISI of 100 msec was in-
cluded. Note that increasing the interval beyond 100 msec
might result in chromatic adaptation, which by itself will
result in a pop-out of the target circle (Theeuwes & Lu-
cassen, 1993).
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Figure 2. Experiment 1: Search slopes as a function of the contrast ratio for Observers J.T.,N.K.,

and E.v.E.
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Table 2
Slopes, Intercepts, and Error Scores for the Various Contrast
Ratios (Lg/Lyackground) it Experiment 2

Luminance Contrast Intercept* Slopet Error Score?
Subject J.T.
0.51 446 -0.41 8.9
0.75 481 2.85 7.7
0.85 587 5.01 6.4
0.89 441 57.22 1.2
1.00 543 67.77 12.8
1.07 749 43.62 38
1.15 S11 14.19 9.0
1.21 531 3.21 7.7
2.01 481 2.22 10.2
Subject N.K.
0.51 540 —-2.22 11.5
0.77 587 -0.72 7.7
0.83 592 7.17 9.0
0.90 657 21.06 6.4
1.00 568 36.89 5.1
1.07 469 26.84 10.2
1.14 623 15.2 9.0
1.23 566 7.5 9.0
1.36 508 1.86 15.4
2.01 502 —-1.28 10.2

*Intercept values are given in milliseconds. *Slope values are given in
milliseconds/element. *Error scores are precentages.
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Figure 3. Experiment 2: Search slopes as a function of the contrast
ratio for Observers J.T. and N.K.

The results of this experiment are presented in Table 3
and Figure 4. The longest search time is to be found at
near equiluminance. The results are comparable to those
obtained in Experiments 1 and 2, suggesting that a lon-
ger ISI does not change the overall pattern of results.

Experiment 4

Experiment 4 served as a control experiment to ensure
that the limited temporal resolution of the color system
cannot account for the absence of the color pop-out.
Kelly (1983) showed that there is little or no response for
detecting red/green chromatic flicker beyond 15 Hz (a
temporal cycle of 66 msec). This implies that the color
system cannot detect color changes that are smaller than
33 msec (half a temporal cycle). Although the 50- and
100-msec [SIs applied in Experiments 1 and 3 are clearly
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beyond the critical interval of 33 msec, it is not quite
clear to what extent the findings of Kelly (1983) on de-
tecting red/green chromatic flicker generalize to the pre-
sent conditions.

Figure S gives the results of Experiment 4 in which the
subjects had to detect a red-to-green equiluminant color
change of a single circle. As is clear from Figure 5, when
the red circle was presented for 50 msec, the subjects
could detect it at all trials. When the circle is presented
around the critical (red/green chromatic flicker) interval
of 33 msec (Kelly, 1983) performance drops to about
80%, suggesting that the present results are similar to
those reported by Kelly. The results clearly indicate that
the absence of a pop-out at equiluminance, as found in
Experiments 1-3, is not due to the limited temporal res-
olution for detecting chromatic stimuli.

Experiment 5§

In Experiments 1-3, the subjects knew before each
block of trials which luminance condition they would re-
ceive on a next block of trials. Although the subjects had
the explicit instruction to look for the new element,
knowing what luminance condition they would receive

Table 3
Slopes, Intercepts, and Error Scores for the Various Contrast
Ratios (L g/ Lpackgrouma) I Experiment 3

Luminance Contrast Intercept* Slopet Error Score}
Subject J.T.
0.48 392 2.50 11.5
0.81 479 -1.26 6.4
0.89 480 -0.60 7.7
0.95 464 13.02 5.1
1.01 485 5427 6.4
1.09 671 15.78 77
1.16 523 11.63 115
1.23 502 6.29 6.4
1.25 455 1.19 10.2
2.00 444 0.36 10.2
Subject N.K.
0.50 477 0.41 9.0
0.82 499 2.50 7.7
0.90 508 -~1.25 7.7
0.96 544 2.10 5.1
1.02 520 26.22 7.7
1.09 611 23.19 1.5
1.16 437 27.27 10.2
1.23 620 ~1.64 14.1
1.32 531 1.38 7.7
2.04 491 1.20 9.0
Subject E.v.E.
0.49 539 -2.05 25
0.84 537 1.22 0.0
0.93 603 -0.26 0.0
1.00 587 -1.69 3.8
1.08 442 31.92 1.3
1.16 636 10.90 2.6
1.21 654 -0.62 1.3
1.34 566 -0.91 5.1
1.43 576 ~4.69 0.0
2.04 526 ~1.83 5.1

*Intercept values are given in milliseconds. *Slope values are given in
milliseconds/element. *Error scores are precentages.
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Figure 4. Experiment 3: Search slopes as a function of the contrast ratio for Observers J.T.,N.K.,

and Ev.E.

might have induced a particular search strategy (e.g.,
knowing that search is difficult might have induced a se-
rial search strategy). Experiment 5, in which luminance
conditions were varied within one block of trials, was in-
cluded to make sure that these strategies could not play
arole.

Table 4 and Figure 6 give the results. As is clear from
Figure 6, the results are comparable to those obtained in
Experiment 3, suggesting that the above-mentioned
search strategies do not play a significant role. Table 4
also gives the number of errors as a function of display
size (the error search slopes). As evident from Table 4,
in the high- and low-contrast conditions, the error search
slopes were small (all except one were negative or zero),
suggesting that the fast RTs in the large display size con-
ditions were not due to trading speed for accuracy.

GENERAL DISCUSSION

The present study was designed to examine whether
equiluminant color changes can be detected in parallel.
The results clearly indicate that this is not possible: even
when observers are set to detect the color change, they
are unable to do so. Equiluminant color change obvi-
ously has no access to the preattentive system that can
signal the presence of the added element. Experiments 3
and 4 show that the failure to find a pop-out at equilu-
minance cannot be attributed to the limited temporal res-
olution for chromatic stimuli. The results indicate that
the color change did not pop out because it was pre-
sented at equiluminance with its background.

It should be noted that in all conditions the color and
the luminance of the added circle were identical to the
color and the luminance of all other circles. This guar-
antees that if the added circle pops out, it can only have
been based on the detection of the abrupt color or abrupt
luminance change. If subjects fail to see the change, then
there is nothing in the display that makes the added cir-
cle different from the other circles. Failure to see the
change necessarily results in serial search as demon-
strated in conditions at near equiluminance. This is also

the reason that it is impossible to increase the display-to-
target circle interval beyond 100 msec. If target circle is
added to the display at an interval larger than 100 msec,
the color and the luminance of the added circle will look
different from the color and the luminance of the circles
that are already present on the display. Because the re-
ceptors locally adapt to the green circles that are already
on the display, the newly added circle will look greener
and brighter than the other circles. Theeuwes and Lu-
cassen (1993) showed that when the adaptation time is
longer than 100 msec, this local chromatic adaptation is
strong enough to let an element presented at this locally
adapted location pop out from a field of identical other
elements. If, in the present experiments, an interval longer
than 100 msec would have been used, then the newly
added circle would have popped out not because subjects
would have detected the change but because the circle
would have looked different from the other circles (i.e.,
a static odd-man-out).

Previous studies have focused on whether abrupt on-
sets capture attention independently of the observer’s in-
tentions. Thus, when the observer’s task does not require
a deliberate attentional set, abrupt onset singletons cap-
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Figure S. Experiment 4: Percentage of trials in which the red cir-
cle was detected as a function of its exposure duration for Observers
J.T. and G.D.
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Table 4
Slopes, Intercepts, Error Scores, and Error Slopes for the Various Contrast
Ratios (L e/ Lyackground) in Experiment 5

Luminance Contrast Intercept* Slopet Error Score} Error Slopes§
Subject K.H.
0.94 601 —1.87 8.4 —0.62
1.0t 494 9.55 6.3 0.80
1.07 496 37.70 42 0.36
1.16 420 41.85 10.4 —-0.98
.20 471 19.17 2.1 —0.01
1.34 566 11.72 2.1 0.44
1.41 586 -1.59 2.1 0.44
Subject FXK.
0.94 687 -9.50 6.3 -0.26
1.01 540 10.77 83 0.71
1.07 570 6.33 42 -0.44
1.16 575 23.43 42 0.08
1.20 515 35.20 42 0.35
1.34 646 —3.18 0.0 0.00
Subject N.K.
0.94 582 -1.28 0.0 0.00
1.01 464 13.63 8.3 0.17
1.07 478 17.30 42 0.08
1.16 488 25.00 2.1 —0.35
1.20 557 10.55 4.2 -0.17
1.34 544 8.23 0.0 0.00

*Intercept values are given in milliseconds.
ement. Error scores are percentages.
ment.

ture attention (e.g., Theeuwes, 1991b; Yantis & Jonides,
1984). As expected, the present study shows that abrupt
onsets also capture attention when subjects are set to
look for them. The present study indicates, however, that
abrupt color changes do not attract attention even when
subjects are set to look for them, a result which seems to
be at odds with recent findings suggesting that the ap-
pearance of new objects rather than luminance incre-
ments is necessary to produce attentional capture (Yan-
tis & Hillstrom, 1994). For example, Yantis and Hillstrom
(1994, Experiment 1, “texture condition”) showed that a
new element presented abruptly without any overall lu-
minance increment captured attention independent of the

*Slope values are given in milliseconds/el-

§Error slopes are given in percentages/ele-

observer’s intentions. There was no luminance increment
when the new element was presented because the new el-
ement was revealed by rearranging the distribution of
pixels with that region. Therefore, at the level of the let-
ter, there was no overall increment or decrement in lu-
minance. Even though there was no luminance incre-
ment, the new element captured attention, a finding that
suggests that attention is captured by “newness™ and not
by luminance increments.

It is not immediately clear why the present results do
not show any capture of attention of the newly added el-
ement even when observers are set to look for them, a
finding that does not corroborate Yantis and Hillstrom’s
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Figure 6. Experiment 5: Search slopes as a function of the contrast ratio for Observers K.H.,
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(1994) conclusions. There are, however, various differ-
ences between the present procedure and the one used by
Yantis and Hillstrom (1994). First, it is possible that the
Yantis and Hillstrom’s “texture condition” of their Ex-
periment | (a condition most comparable to the condi-
tions used in the present study) did not render real equi-
luminance because pixels were locally redistributed.
This procedure implies that at the location of the newly
added letter, at pixel level, there were both abrupt onset
and offset transients. Note that these local luminance
changes did not occur at the locations of the old letters,
indicating that there were local luminance changes spe-
cific to the newly added letter. Second, in all conditions
of Yantis and Hillstrom’s (1994) study, it is possible that
the new element captured attention because observers
noticed that an element that previously was not present
in the display was added. In Yantis and Hillstrom’s dis-
plays, this is likely because there were only a few ele-
ments present in the display (a maximum of 6) and the
elements were presented in highly structured arrange-
ment on an imaginary circle around the fixation dot. In
this case, subjects might not have detected the appear-
ance of a new element but inferred that an element was
added by comparing the two displays. This strategy should
break down when larger numbers of elements are present
in the display and when the new element appears at a ran-
dom location within the display, conditions employed in
the present experiments.

The present findings indicating the absence of a pop-
out at equiluminance are in agreement with physiological
findings. The relatively slow parvo system, which is con-
cerned with processing of color information, is not capa-
ble of preattentively triggering higher centers that some-
thing has changed. The data indicate, however, that a small
luminance change is enough to trigger the luminance-
sensitive magno system, which immediately transmits
signals to the brain, allowing the organism to orient and
direct its attention to locations in visual space that po-
tentially contain important information.
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