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Visual marking and the perception
of salience in visual search
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In the present study, the gap paradigm originally developed by Watson and Humphreys (1997) was
used to investigate whether the process of visual marking can influence the perceptual salience of a
target in visual search. Consistent with previous studies (Watson & Humphreys, 1997), the results
showed that search was not affected by the presence of the preceding distractors when the target was
relatively low in salience. This finding suggests that visual marking can increase the efficiency of vi-
sual search by decreasing the size of the search set. However, more important, the results also showed
that search was affected by the presence of the preceding distractors when the target was relatively
high in salience. This finding suggests that visual marking may be limited in its ability to increase the
perceptual salience of the target. Together, the results of the present study suggest that the effective-
ness of visual marking may vary as a function of search context.

Visual search often relies on a variety of mechanisms
that serve to prioritize the order in which currently avail-
able objects are selected for further processing. In many
natural contexts, however, the set of searchable objects
may not be available at the same time. Rather, the set of
searchable objects may change over time, with some ob-
jects appearing later than others. In such cases, visual
search may also rely on mechanisms that serve to deprior-
itize, or inhibit, preexisting objects that are known to be
irrelevant. One such inhibitory mechanism has come to be
called visual marking (Watson & Humphreys, 1997).

Initial evidence for visual marking was provided by
comparing performance in a modified conjunction search,
or gap, condition with performance in two baseline con-
ditions (Watson & Humphreys, 1997). The all-element
baseline condition involved a conjunction search task in
which observers searched for the presence of a blue H
target that could appear among several blue A and green
H distractors. In contrast, the half-element baseline con-
dition involved a search task in which only the blue ele-
ments from the all-element baseline condition were shown.
In this half-element baseline condition, observers once
again searched for the presence of a blue H target, but now
the target (when present) only appeared among blue A dis-
tractors. Both of these baseline conditions can be con-
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trasted with the gap condition. Like the all-element base-
line condition, the task in the gap condition again required
searching for the presence of a blue H target that could
appear among both blue A and green H distractors. How-
ever, in the gap condition, there was a 1,000-msec gap in-
serted between the appearance of the green H distractors
and the appearance of the blue letters. In other words, the
green H distractors appeared 1,000 msec before the criti-
cal display of blue letters. In each condition, visual search
efficiency was evaluated by measuring the extent to which
search time was affected by the number of display ele-
ments (which varied from as few as 4 elements to as many
as 16 elements).! A representative example of these three
types of displays is shown in Figure 1.

The results of Watson and Humphreys’s (1997) exper-
iments showed that visual search was performed twice as
efficiently in the gap conditionas it was in the all-element
baseline condition, suggesting that only half of the dis-
play elements were searched in the gap condition;in fact,
visual search was performed just as efficiently in the gap
conditionas it was in the half-element baseline condition
(see also Theeuwes, Kramer, & Atchley, 1998). On the ba-
sis of this and other evidence, Watson and Humphreys con-
cluded that the locations occupied by the preceding green
H distractors could be marked as irrelevant via inhibition
and therefore excluded from consideration when the crit-
ical target display appeared. As such, these findings have
important theoretical implications for current theories of
visual search (see Wolfe, 1998, for a recent review) and sug-
gest that a form of memory-based, inhibitory tagging can
operate to improve the efficiency of visual search by re-
moving old distractors from the search set, at least when
these distractors are presented in advance of the critical
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Figure 1. Examples of the three types of target-present search displays used
by Watson and Humphreys (1997). Panel A depicts the all-element baseline
condition, panel B depicts the gap condition, and panel C depicts the half-
element baseline condition. These displays were called the low-salience displays
in Experiment 1. The solid letters appeared green, and the hollow letters ap-
peared blue. Note that the displays are not drawn to scale.

target display (cf. Horowitz & Wolfe, 1998; Klein & Tay-
lor, 1994).

However, although previous studies have shown that
visual marking may improve the efficiency of visual
search by reducing the size of the search set, it is impor-
tant to realize that reducing the size of the search set is
not the only way in which visual marking may come to
improve the efficiency of visual search. For instance, sup-
pose once again that the target was a blue H and the dis-
tractors were green Hs and blue As. Suppose further that
the blue As (as opposed to the green Hs) were shown,
1,000 msec before the appearance of the Hs. In this situa-
tion, visual marking of the preceding blue As may improve
the efficiency of visual search not only by reducing the
size of the search set, but also by increasing the percep-
tual salience of the blue H target; thatis, successful visual
marking of the old distractors may enable the target to
appear as the sole blue H among green Hs in the target
display. This is important because the search for a salient
target can usually be accomplished very efficiently, often
in a single step, regardless of the number of distractors
(Treisman, 1988, 1994; Treisman & Gelade, 1980). Thus,
increasing the perceptual salience of the target would likely
be even more beneficial than simply reducing the size of
the search set.

Unfortunately, previous studies have been unable to
determine whether the perceptual salience of the target
can be increased under gap-like conditions. This is be-
cause the target can be considered to be high in salience
only when it appears unique within a primitive feature
dimension, such as color, orientation, curvature, or mo-
tion (Wolfe, 1994, 1998), and previous studies have been

designed in such a way that the target did not appear
unique within one of these primitive feature dimensions
(Theeuwes et al., 1998; Watson & Humphreys, 1997). For
instance, the blue H target had the potential to be unique
in form when it appeared with the blue A distractors in the
gap conditionused by Watson and Humphreys (1997; see
Figure 1); however, form has typically not functioned as
a primitive feature in visual search (Wolfe, 1994, 1998).
Consequently, for the purposes of visual search, the blue
H target could not have appeared salient in the context of
the blue A distractors in Watson and Humphreys study,
even if the process of visual marking was capable of al-
tering the perceptual context of the display (see also
Theeuwes et al., 1998). Thus, although the evidence ob-
tained from such studies has clearly shown that old dis-
tractors can be marked as irrelevant and then avoided dur-
ing the course of an attentionally demanding search task,
this evidence has no bearing on the question of whether
this marking process can also be used to increase the per-
ceptual salience of the target.2 Hence, the primary goal of
the present study was to investigate the extent to which
this marking process can be used to increase the efficiency
of an attentionallydemanding search task by increasing the
perceptual salience of the target.

EXPERIMENT 1

In order to determine whether the relative salience of
the target can be increased in the gap condition, two sets
of three search displays were compared in Experiment 1.
One set of displays was identical to the set used by Wat-
son and Humphreys (1997) and is shown in Figure 1. This
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Figure 2. Modified versions of the three types of target-present search dis-
plays used by Watson and Humphreys (1997). Panel A depicts the all-element
baseline condition, panel B depicts the gap condition, and panel C depicts the
half-element baseline condition. These displays were called the high-salience
displaysin Experiment 1. The solid letters appeared green, and the hollow let-
ters appeared blue. Note that the displays are not drawn to scale.

set of displays was called the low-salience set in the pres-
ent experiment. The other set of displays, shown in Fig-
ure 2, involved the same stimuli as the low-salience set,
except that the displays were rearranged so that the target
would now be high in salience in the half-element base-
line condition and would have the potential to be high in
salience in the gap condition. Note that the target was rel-
atively low in salience in both all-element baseline con-
ditions shown in Figures 1 and 2; thus, the terms high
salience and low salience will be used in reference to the
all-element baseline condition simply to associate these
conditions with their corresponding half-element and gap
conditions.

For the purposes of this article, the target will be con-
sidered high in salience when it differs from a set of dis-
tractors on the basis of a primitive feature, such as color,
orientation, or curvature (Wolfe, 1994, 1998). For in-
stance, on target-present trials in the high-salience half-
element baseline condition, a blue H target appeared
among several green H distractors. The blue H target may
be considered high in salience in this context, because
blue is encoded as a different primitive feature than green
(Wolfe, 1994, 1998). Under these conditions, existing ev-
idence suggests that observers tend to divide their atten-
tion across the entire target display and then attempt to
group the individualdisplay elements into a single, global
object so that the discrepant target element can be easily
detected among the homogenous distractors (Nakayama
& Joseph, 1998; Treisman, 1994). Thus, the blue H target

should be detected very efficiently in the high-salience
half-element baseline condition (D’Zmura, 1991; Nagy &
Sanchez, 1990; Treisman & Gelade, 1980).

In contrast, the blue H target may be considered low in
salience when it appears with the blue A distractors in the
half-element baseline condition shown in Figure 1, be-
cause both stimuli were composed of similar primitive fea-
tures. For instance, they both shared the same color, and
they both shared many of the same line segments (both
stimuli were created by erasing line segments from a block
figure eight). Under these conditions, existing evidence
suggests that observers tend to focus their attention more
narrowly on individual display elements (Treisman, 1994),
which may then help reduce the interference that can
arise from distractors that are highly similar to the target
(Duncan & Humphreys, 1989; Theeuwes, 1990). Search
is thus typically conducted in a more serial (and thus less
efficient) manner when the target is relatively nonsalient.
As aresult, the target should be detected less efficiently
in the low-salience half-element baseline conditionthan in
the high-salience half-element baseline condition.

In the high-salience gap condition, a blue H target also
appeared (on target-present trials) at the same time as sev-
eral green H distractors, but this target display was added
to a preexisting display of blue A distractors. We expected
one of two possible outcomes in this gap condition. On the
one hand, successful visual marking of the old distractors
may enable the new elements to be segregated perceptu-
ally from the old elements. Accordingly, the presence of
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the old distractors may not influence the perceived salience
of the target. If so, the blue H target should be detected
more efficiently in the high-salience gap condition than
it is in the all-element baseline condition, and it should be
detected equally efficiently in both the high-salience gap
condition and the high-salience half-element baseline
condition.

On the other hand, however, the presence of the old
distractors may decrease the salience of the target in the
gap condition. For instance, the relatively low level per-
ceptual processes underlying the computation of salience
are based on hard-wired interactions in the brain (see,
e.g., Braun, 1998; Desimone & Duncan, 1995) that may
not be capable of being modulated by visual marking. In-
deed, the old distractors do remain visible and continue to
be seen as blue even when they are successfully marked.
Accordingly, the shared blueness of the old distractors
and the target may cause the salience of the target to be
diminished. This processing constraint will be referred
to as the perceptual constraint hypothesis, to emphasize
the role of bottom-up factors in the processing of visual
salience. Alternatively, observers may also routinely
search the set of new elements in the gap condition as
though it were low in salience (by focusing attention on
individual display elements, rather than by dividing at-
tention across the display), perhaps because successful
marking of the old elements is incompatible with a high-
salience search strategy (see, e.g., Theeuwes, 1990, 1991,
1992). Indeed, existing evidence suggests that a low-
salience search strategy may sometimes be used in high-
salience search tasks, resulting in search performance that
is more characteristic of low-salience search tasks than it
is of high-salience search tasks (Gibson & Jiang, 1998).
This processing constraint will be referred to as the atten-
tional constraint hypothesis, to emphasize the role of top-
down factors in the processing of visual salience. If ei-
ther of these two hypothesesis correct, the blue H target
may be detected less efficiently in the high-salience gap
condition than it is in the high-salience half-element
baseline condition, although performance in this gap con-
dition should still be better than performance in the cor-
responding all-element baseline condition (because the
old distractors would presumably be marked and therefore
excluded from the search).

Finally, in the low-salience gap condition, a blue H tar-
get appeared (on target-present trials) at the same time as
several blue A distractors, but this target display was added
to a preexisting display of green H distractors. Regardless
of the findings observed in the high-salience condition,
we expected to replicate Watson and Humphreys’s (1997)
findings in the low-salience condition. That is, the blue
H target should be detected more efficiently in the low-
salience gap condition than it is in the all-element baseline
condition, and it should be detected equally efficiently in
both the low-salience gap condition and the low-salience
half-element baseline condition. Such a replication would
serve to show that the old distractors were, in fact, being

excluded from the relevant search set, at least in the low-
salience gap condition.

Method

Subjects. A total of 38 University of Notre Dame undergradu-
ates participated in this experiment for course credit. All the sub-
jects reported normal color vision and normal or corrected-to-
normal visual acuity.

Stimuli and Apparatus. The stimuli were As and Hs, each gen-
erated from a subset of a seven-segment figure eight. Each element
subtended 0.92° X 0.46° of visual angle on the computer screen,
which was placed approximately 50 cm from the observer. Display
elements were randomly positioned in the cells of an invisible 10 X
10 matrix, which subtended 11.86° X 10.20° of visual angle. The
letters appeared either blue (IBM color 9) or green (IBM color 10)
on a black background. Display size was 4, 8, and 16 in both the all-
element baseline and the gap conditions, and it was 2, 4, and 8 in
the half-element baseline condition. In the gap condition, half of
the elements appeared in the preview display, and the other half of
the elements (including the target, if present) appeared in the target
display. The target was present on 50% of the trials in all the search
conditions. In addition, half of the displays in each search condition
were classified as high-salience displays, and the other half were
classified as low-salience displays. In the half-element baseline
condition, the high-salience displays contained a blue H target and
several green H distractors (on target-present trials), whereas the
low-salience displays contained a blue H target and several blue A
distractors (on target-present trials). The high-salience and low-
salience displays shown in the gap condition were identical to those
used in the half-element baseline condition, with the sole exception
that several blue A distractors preceded the high-salience target dis-
plays and several green H distractors preceded the low-salience tar-
get displays. There were also subtle differences between the high-
salience and the low-salience displays shown in the all-element
baseline condition. For instance, the high-salience displays con-
tained an equal number of As and Hs but an unequal number of
green and blue elements on target-present trials, whereas the low-
salience displays contained an equal number of green and blue ele-
ments but an unequal number of As and Hs on target-present trials.
The two types of displays were identical on target-absent trials (i.e.,
all the displays contained an equal number of Hs and As and an
equal number of green and blue elements). Sample displays are
shown in Figure 1 (low salience) and Figure 2 (high salience).? All
the stimuli were presented on a ZEOS color monitor equipped with
a standard VGA video card. Response time and error rates were
recorded by a ZEOS 486 microcomputer.

Procedure. Each trial of the experiment began with the appear-
ance of a centrally located fixation cross that remained on the
screen throughout the duration of the display sequence. The ob-
servers were instructed to keep their eyes focused on the cross
throughout each trial, although eye movements were not monitored
in this experiment. The half-element baseline, all-element baseline,
and gap conditions were presented in separate blocks of trials, the
order of which was counterbalanced across observers. In the gap
condition, the preview display appeared 1,000 msec after the ap-
pearance of the initial fixation cross and then remained on the
screen for an additional 1,000 msec before the target display was
added. There was always an equal number of elements in the pre-
view and target displays (two, four, or eight). The observers were
told that the target would always appear in the second of the two
displays, and they were instructed to withhold responding until the
target display appeared. In the half-element baseline and all-element
baseline conditions, the target display appeared 1,000 msec after the
appearance of the initial fixation cross. In each condition, the target
display remained visible until a response was provided or until 4 sec
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Figure 3. Mean correct response times in the high-salience dis-
play condition as a function of search type, target presence, and
display size in Experiment 1. The top panel depicts target-absent
trials, and the bottom panel depicts target-present trials.

elapsed. The observers responded by pressing the right shift key to
indicate that the target was present and the left shift key to indicate
that the target was absent. The observers were instructed to respond
as quickly as possible without sacrificing accuracy. Feedback was
provided following errors to reinforce these instructions.

Each observer participated in a single session that lasted ap-
proximately 45 min. Within these sessions, the observers completed
three blocks of 252 trials (the first 12 of which in each block served
as practice). Within each block, there was an equal number of high-
salience and low-salience displays presented at each of the three
display sizes. The order of trials within each block was randomly
determined for each subject.

Results and Discussion

Mean correct response times (RTs) in both the high-
salience and the low-salience conditions are shown in
Figures 3 and 4, respectively, as a function of search type,
target presence, and display size. Corresponding error
rates and slopes are listed in Tables 1 and 2, respectively.
Note that display size was doubled in all calculations of
slope involving the half-element baseline condition so that
this condition could be directly compared with the all-
element baseline and gap conditions. As such, the slopes
in the half-element baseline condition are half their actual
value (see Watson & Humphreys, 1997, for a more de-
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tailed discussion of this issue). Note also that, for the sake
of discussion, the present analyses focused mainly on
mean correct RTs. This is because the pattern of errors al-
ways mirrored the pattern of RTs in the present series of
experiments, and thus there was no evidence for a speed/
accuracy tradeoff.

Half-element baseline condition. As was expected,
visual search was performed more efficiently in the
high-salience condition than in the low-salience condi-
tion, on both target-present and target-absent trials. As
can be seen in Table 2, the average slope in the high-
salience condition was 0.52 msec/item when the target
was present and —2.86 msec/item when the target was ab-
sent, whereas the average slope in the low-salience con-
dition was 13.48 msec/item when the target was present
and 20.24 msec/item when the target was absent. This dif-
ference in search efficiency was also supported by a sig-
nificant salience type X display size interaction in both
the target-present condition [F(2,72) = 51.93, MS, =
2,321.84, p < .0001] and the target-absent condition
[F(2,72)=74.50,MS,=5,161.66,p < .0001].

Half-element baseline condition versus gap condi-
tion. If the relative salience of the target is unaffected by
the presence of the old distractors, visual search perfor-
mance should be equally efficient in both the gap and the
half-element baseline conditions. However, the present
results suggested otherwise. As can be seen in Table 2,
the average slope in the high-salience gap condition was
11.04 msec/item when the target was present and
11.86 msec/item when the target was absent. When com-
pared with the corresponding half-element baseline con-
dition, visual search was consistently observed to be less
efficient in the high-salience gap condition than in the
high-salience half-element baseline condition, regardless
of whether the target was present or absent [F(2,72) =
30.51,MS,=2,781.01,p < .0001, and F(2,72) = 22.29,
MS,=6,943.80,p < .0001, respectively]. Note, however,
that the apparent influence of the old distractors on search
performance was confined to the high-salience gap con-
dition. As can be seen in Table 2, the average slope in the
low-salience gap condition was 12.23 msec/item when the
target was present and 16.48 msec/item when the target
was absent. As was expected, when compared with the
corresponding half-element baseline condition, planned
comparisons showed that visual search was performed
just as efficiently in the low-salience gap condition as in
the low-salience half-element baseline condition when the
target was present (F < 1), and visual search was actually
performed more efficiently in the low-salience gap con-
dition than in the low-salience half-element baseline con-
dition when the target was absent [F(2,72) = 3.09, MS, =
8,968.27, p = .05]. This latter finding appears to be due
solely to the occurrence of unusually long RTs when four
elements appeared in the gap condition (i.e., two in the
preview display and two in the target display), a result that
was also observed in some of Watson and Humphreys’s
(1997) experiments (see, especially, Experiment 1). As
such, the present results obtained in the low-salience con-
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Figure 4. Mean correct response times in the low-salience dis-
play conditions as a function of search type, target presence, and
display size in Experiment 1. The top panel depicts target-absent
trials, and the bottom panel depicts target-present trials.

dition replicate the main findings reported by Watson and
Humphreys. The different pattern of results observed
across the high-salience and low-salience conditions was
also supported by a significant search type X salience
type X display size interaction in both the target-present
condition [F(2,72) = 19.80, MS, =2,527.55,p < .0001]
and the target-absent condition [F(2,72) = 23.46, MS, =
5,736.65,p < .0001].

All-element baseline condition versus gap condi-
tion. Although visual search was performed less effi-
ciently in the high-salience gap condition than in the
high-salience half-element baseline condition, planned
comparisons showed that visual search was nevertheless
consistently performed more efficiently in the high-
salience gap condition than in the corresponding all-
element baseline condition, regardless of whether the
target was present or absent [F(2,72) = 19.28, MS, =
4,687.80,p <.0001,and F(2,72)=51.74,MS.=9,510.06,
p < .0001, respectively; the average slope in this all-
element baseline condition was 20.09 msec/item when
the target was present and 37.96 msec/item when the tar-
get was absent]. Thus, the temporal separation of the pre-
view and the target displays in the high-salience gap con-

dition did provide some benefit to finding the target. In ad-
dition, consistent with Watson and Humphreys’s (1997)
findings, planned comparisons also showed that visual
search was performed more efficiently in the low-salience
gap condition than in the corresponding all-element
baseline condition, regardless of whether the target was
present or absent [F(2,72) = 4.80, MS, = 3,929.93,p <
.02, and F(2,72) = 35.23, MS, = 10,099.21, p < .0001,
respectively; the average slope in this all-element base-
line condition was 17.14 msec/item when the target was
present and 38.68 msec/item when the target was absent].

In summary, the present study compared the effec-
tiveness of visual marking across two visual search con-
texts. The low-salience gap condition was identical to the
gap condition used in many of Watson and Humphreys’s
(1997) experiments. Consistent with Watson and Humph-
reys’s previous findings, the present results suggested
that the old distractors were successfully marked: Visual
search was performed just as efficiently in the low-salience
gap condition as in the low-salience half-element baseline
condition. In addition, visual search was also performed
more efficiently in the low-salience gap condition than in
the corresponding all-element baseline condition. These
findings therefore suggest that observers successfully
avoided searching the locations occupied by the old dis-
tractors in the low-salience gap condition.

Of more critical importance to the present study were
the results obtained in the high-salience gap conditionin
which the target had the potential to appear as a color
singleton. Visual search had the potential to be improved
even more dramatically in this condition than in the low-
salience gap condition, assuming that the presence of the
old distractors did not interfere with the high-salience
search task. Contrary to this hypothesis, however, the re-
sults suggested that the presence of the old distractors did
somehow influence the salience of the target, in that visual
search was performed less efficiently in the high-salience
gap condition than in the high-salience half-element base-
line condition. However, although these findings suggest
that the presence of the old, blue distractors diminished the
salience of the target, search nevertheless appeared to be
confined to only half of the elements in the high-salience
gap condition. This conclusion follows from the finding
that visual search was performed almost twice as fast in
the high-salience gap condition as in the corresponding
all-element baseline condition.

Together, these findings suggest that visual marking
may be limited in its ability to increase the efficiency of an
attentionally demanding search task. In particular, the pres-
ent findings suggest that visual marking can improve the
efficiency of visual search by reducing the size of the
search set; however, visual marking may be limited in its
ability to increase the perceptual salience of the target.
As was mentioned in the introductionto Experiment 1, the
pattern of results obtained in the high-salience condition
is consistent with a variety of different processing con-
straints. Thus, additional evidence will be required to un-
derstand exactly how the old distractors affect search ef-
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Table 1
Mean Error Rates (%) in Experiment 1 Listed as a
Function of Search Type, Salience Type, Target Presence, and Display Size

Target Absent Target Present
Condition  Display Size High Salience Low Salience High Salience Low Salience
Gap 4 2.62 3.95 4.87 2.24
8 2.89 2.10 5.00 3.29
16 2.10 2.63 15.66 8.29
All-element 4 2.76 1.44 4.21 3.16
8 1.97 1.58 3.82 5.40
16 1.84 3.29 12.24 10.00
Half-element 4 2.10 3.42 1.98 4.22
8 1.84 2.37 1.71 4.60
16 2.10 4.60 1.84 11.98

ficiency in the high-salience gap condition. We will begin,
however, by consideringa potential confound that was pres-
ent between the high-salience and the low-salience gap
conditions in Experiment 1.

EXPERIMENT 2

The first experiment showed that visual search was af-
fected by old distractors more in the high-salience gap
condition than in the low-salience gap condition. Note,
however, that the target was always more similar to the
old distractors in the high-salience gap condition than in
the low-salience gap conditionused in Experiment 1 (see
Figures 1 and 2). Hence, the high-salience targets may
have been harder to detect than the low-salience targets
in the gap condition (relative to the corresponding half-
element baseline conditions) because the effectiveness of
visual marking may depend on the relative similarity be-
tween the target and the old distractors (cf. Theeuwes et al.,
1998).

Experiment 2 was conducted to examine whether the
presence of the old distractors would continue to influence
search performance in the high-salience gap condition
under conditions in which the target was identical to the
old distractors on one feature dimension and highly dis-
tinguishable from the old distractors on the other feature
dimension (as it was in the low-salience gap condition
used in Experiment 1). This goal was accomplished by
using colors and forms that were both highly distinguish-
able. In particular, the target was a blue X and the distrac-
tors were blue Os and green Xs in Experiment 2. Thus, like
color, the two forms could be distinguished on the basis of
a primitive feature (such as orientation or curvature) in

this experiment. As in the previous experiment, two sets of
three visual search displays were created from these stim-
uli (the all-element baseline condition, the gap condition,
and the half-element baseline condition). However, unlike
in the first experiment, the blue X target was expected to
be highly salient in both sets. Thus, if the perceptual sim-
ilarity between the old elements and the target can dimin-
ish the relative salience of the target, visual search should
be performed less efficiently in both gap conditionsin the
present experiment than in their respective half-element
baseline conditions.

Method

Subjects. A total of 18 University of Notre Dame undergradu-
ates participated in this experiment for course credit. All the sub-
jects reported normal color vision and normal or corrected-to-
normal visual acuity.

Stimuli and Apparatus. The stimuli were Xs and Os that sub-
tended approximately 0.92° X 0.46° of visual angle on the com-
puter screen, which was placed approximately 50 cm from the ob-
server. The letters appeared either blue or green on a black background
(as in Experiment 1). For the sake of clarity, the two sets of displays
were called the color-salience condition and the form-salience con-
dition in the present experiment (although it is should be noted that
a form would appear salient in the present experiment because of
differences in orientation and/or curvature). In the half-element
baseline condition, the color-salience displays contained a blue X
target and several green X distractors (on target-present trials),
whereas the form-salience displays contained a blue X target and
several blue O distractors (on target-present trials). The color-
salience and form-salience displays shown in the gap condition were
identical to those used in the half-element baseline condition, with
the sole exception that several blue O distractors preceded the
color-salience target displays and several green X distractors pre-
ceded the form-salience target displays. As in the previous two ex-
periments, there were subtle differences between the color-salience

Table 2
Slopes of the Display-Size Functions in Experiment 1 Listed as a
Function of Search Type, Salience Type, and Target Presence (With R2)

Target Absent Target Present
High Salience Low Salience High Salience Low Salience
Display size Average R2 Average R2 Average R2 Average R2
Gap 11.86 1.00 16.48 0.88 11.04 0.90 12.23 0.99
All-element 37.96 0.99 38.68 1.00 20.09 0.98 17.14 0.98
Half-element —2.86 0.94 20.24 1.00 0.52 0.98 13.48 0.97
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Figure 5. Mean correct response times in the color-salience dis-
play condition as a function of search type, target presence, and
display size in Experiment 2. The top panel depicts target-absent
trials, and the bottom panel depicts target-present trials.

and form-salience displays shown in the all-element baseline con-
dition. For instance, the color-salience displays contained an equal
number of Xs and Os, but an unequal number of blue and green el-
ements on target-present trials, whereas the form-salience displays
contained a equal number of blue and green elements, but an un-
equal number of Xs and Os on target-present trials. The two types of
displays were identical on target-absent trials (i.e., all the displays
contained an equal number of Xs and Os and an equal number of
blue and green elements). All other aspects of this experiment were
identical to those in Experiment 1.

Procedure. The procedure was identical to that in Experiment 1.

Results and Discussion

Mean correct RTs in the color-salience and form-
salience conditions are shown in Figures 5 and 6, respec-
tively, as a function of search type, target presence, and
display size. Corresponding error rates and slopes are
listed in Tables 3 and 4, respectively.

Half-element baseline condition. As was expected,
visual search was found to be highly efficient in both the
form and the color half-element baseline conditions when
the target was present. As can be seen in Table 4, the slope
in the color-salience half-element baseline condition was
0.95 msec/item on target-present trials, and the slope in
the form-salience half-element baseline condition was

1.84 msec/item on target-present trials. The only signif-
icant effect observed in this analysis was that RTs were
overall faster in the color-salience half-element baseline
condition than in the form-salience half-element baseline
condition [F(1,17) =22.06, MS, = 1,050.51, p < .0005]
for the main effect of salience type. Similarly, visual search
was also found to be highly efficient on target-absent tri-
als as well: The slope in the color half-element baseline
condition was —1.61 msec/item on target-absent trials,
whereas the slope in the form half-element baseline con-
dition was 0.21 msec/item on target-absent trials. As on
target-present trials, RTs were also faster in the color-
salience half-element baseline condition than in the form-
salience half-element baseline condition [F(1,17)=6.75,
MS,=3,179.61, p < .02] for the main effect of salience
type.

Half-element baseline condition versus gap condi-
tion. A more critical goal of Experiment 2 was to deter-
mine whether search efficiency would continue to be af-
fected by the old distractors in both the color-salience
and form-salience gap conditions even though the target
was now highly distinguishable from the old distractors
along at least one featural dimension (i.e., either color or
form). As can be seen in Table 4, the slope in the color-
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Figure 6. Mean correct response times in the form-salience dis-
play condition as a function of search type, target presence, and
display size in Experiment 2. The top panel depicts target-absent
trials, and the bottom panel depicts target-present trials.
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Table 3
Mean Error Rates (%) in Experiment 2 Listed as a Function
of Search Type, Salience Type, Target Presence, and Display Size

Target Absent Target Present
Condition Display Size  Color Salience Form Salience Color Salience Form Salience

Gap 4 2.50 1.11 1.94 1.11
8 1.39 1.67 2.78 0.56

16 1.94 1.39 6.39 2.50

All-element 4 1.11 1.11 1.11 3.06
8 1.39 1.11 2.50 4.72

16 0.83 2.22 6.94 7.50

Half-element 4 3.06 0.28 1.67 1.39
8 1.11 1.67 4.17 1.39

16 0.83 1.67 2.50 2.22

salience gap condition was 6.71 msec/item on target-
present trials, and the slope in the form-salience gap con-
dition was 6.41 msec/item on target-present trials. In
accordance with Experiment 1, the results obtained on
target-present trials indicated that search efficiency con-
tinued to be impaired in both the color-salience and the
form-salience gap conditions, relative to the correspond-
ing color-salience and form-salience half-element base-
line conditions [F(2,34) = 7.71, MS, = 2,349.93, p <
.002], for the search type X display size interaction. The
search type X salience type X display size interaction
did not approach significance on target-present trials in
Experiment 2 (F < 1). These results therefore provide
strong evidence that the shared perceptual features of the
old distractors can diminish the salience of the target, even
when the target is highly distinguishablefrom the old dis-
tractors along at least one feature dimension. However, it
should also be noted that the results obtained on target-
absent trials were not quite so clear-cut. As can be seen
in Table 4, the slope in the color-salience gap condition
was 3.80 msec/item on target-absent trials, and the slope
in the form-salience gap condition was 0.21 msec/item
on target-absent trials. When compared with their corre-
sponding half-element baseline conditions, the results
showed that visual search was again performed less effi-
ciently in the color-salience gap condition than in the
color-salience half-element baseline condition[F(2,34) =
3.13,MS,=3,127.73,p = .056]; however, visual search was
performed equally efficiently in both the form-salience
gap condition and the form-salience half-element base-
line condition [F(2,34)=1.19,MS,=2,035.61,p > .30].
Such findings again appear to be due to unusually long
RTs in the smallest display-size condition. Altogether, the

differential pattern of results observed across the color-
salience and form-salience conditions produced a signifi-
cant search type X salience type X display size interaction
[F(2,34)=3.61, MS,=1,710.32,p < .05].

All-element baseline condition versus gap condi-
tion. Consistent with the previous experiment, the re-
sults obtained in Experiment 2 again showed a benefit in
search efficiency in both gap conditions, relative to the
corresponding all-element baseline conditions. As can be
seen in Table 4, the slope in the color-salience all-element
baseline condition was 11.77 msec/item on target-present
trials, and the slope in the form-salience all-element base-
line condition was 10.60 msec/item on target-present tri-
als. In the target-present condition, there was a signifi-
cant search type X display size interaction [F(2,34) =
10.40, MS, = 1,530.23, p < .0005] and a nonsignificant
search type X salience type X display size interaction
(F <1). Likewise, a similar pattern was observed in the
target-absent condition. As can be seen in Table 4, the
slope in the color-salience all-element baseline condition
was 16.89 msec/item on target-absenttrials, and the slope
in the form-salience all-element baseline condition was
16.03 msec/item on target-absent trials. Thus, in the
target-absent condition, there was a significant search
type X display size interaction [F(2,34) = 19.22, MS, =
7,341.20,p < .0001] and a nonsignificant search type X
salience type X display size interaction [F(2,34) = 1.34,
MS, =2,406.75,p > .25].

In summary, Experiment 2 was conducted to ensure
that the different pattern of results observed across the two
gap conditionsin Experiment 1 was due to differences in
the target’s salience, rather than to differences in percep-
tual similarity between the target and the old distractors.

Table 4
Slopes of the Display-Size Functions in Experiment 2 Listed as
a Function of Search Type, Salience Type, Target Presence (With R2)

Target Absent Target Present
Color Salience Form Salience Color Salience Form Salience
Display Size ~ Average  R2 Average  R? Average R2 Average  R?
Gap 380 0.99 0.21 0.01 6.71 0.98 6.41 0.94
All-element 16.89 1.00 16.03 1.00 11.77 1.00 10.60 1.00
Half-element —1.60 091 0.21 0.31 0.95 0.25 1.84 1.00
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The results of Experiment 2 showed that the old distrac-
tors generally continued to impair the detection of a highly
salient target even when the target shared only one fea-
ture with the old distractors (as it did in the low-salience
gap conditionused in Experiment 1). Thus, decreasing the
similarity between the target and the old distractors does
not appear to eliminate the difference in search efficiency
observed between the high-salience gap condition and the
half-element baseline condition.

Conversely, itis also worth pointing out that other stud-
ies have found that increasing the similarity between the
target and the old distractors does not appear to decrease
the efficiency of visual search when the target happens
to be low in salience in the gap condition. For instance,
Theeuwes et al. (1998) conducted a gap experiment in
which both the preview and the target displays were highly
similar, thus eliminating the possibility that featural dif-
ferences between the old and the new displays might fa-
cilitate the benefit observed in the gap condition. This
was accomplished by using a relatively demanding letter
search task in which all the display elements (in both the
preview and the target displays) appeared white. More-
over, both sets of distractors consisted of a heterogeneous
display of letters, which is known to produce relatively
inefficient visual search (Wolfe, 1998). Most important,
the results showed that the observers appeared to limit
their search for the target solely to the set of new elements.
These findings therefore strongly suggest that visual
search can be performed just as efficiently in the gap
condition as in the half-element baseline condition when
the target is low in salience, regardless of how similar the
target is to the old distractors.

EXPERIMENT 3

The results of the first two experiments have sug-
gested that the detection of a potentially salient target is
affected more by the presence of old distractors than is the
detection of a nonsalient target. However, at the present
pointin time, this evidence is consistent with at least two
different kinds of processing constraints: a bottom-up,
perceptually based constraint and a top-down, attention-
ally based constraint. Experiment 3 was therefore de-
signed to further investigate the nature of the underlying
processes.

One fundamental empirical issue that can serve to dif-
ferentiate between the perceptual constraint hypothesis
and the attentional constraint hypothesis concerns the
question of whether search efficiency in the high-salience
gap condition is affected primarily by the number of old
elements or by the number of new elements. This issue
could not be adequately addressed in the previous two
experiments because the number of elements appearing
in the preview display was confounded with the number
of elements appearing in the target display. In the present
experiment, however, the number of old elements (two,
four, or eight) was varied independent of the number of
new elements (two, four, or eight), which allowed us to in-

vestigate the primary determinants of performance in the
high-salience gap condition. In addition, the high-salience
half-element condition was also included in the present
experiment to serve as a baseline. With this in mind, let us
now consider some specific predictions associated with
the perceptual constraint hypothesis and the attentional
constraint hypothesis.

According to one version of the perceptual constraint
hypothesis, visual salience is thought to be based on in-
hibitory interactions that arise between neurons with sim-
ilarly tuned, but nonoverlapping, receptive fields at a va-
riety of visual areas in the brain (Braun, 1998; Desimone
& Duncan, 1995). Consider a neuron in area V4 of the pri-
mate visual system that responds optimally when a blue
stimulus is presented within its receptive field. Although
the firing rate of this neuron will generally not be de-
creased by the presence of green stimuli that are displayed
outside the classic receptive field of this neuron (indeed,
the firing rate of the blue neuron may even be enhanced),
the firing rate of this neuron will tend to be decreased by
the presence of other blue stimuli (Desimone, Schein,
Moran, & Ungerleider, 1985). Similar observations have
been made also with respect to the neural representation
of orientation in visual area V1 (Knierim & Van Essen,
1992). Thus, at the neural level, the relative salience of the
display elements may be understood in terms of the rela-
tive firing rates of neurons. Generally speaking, firing rate
will be high when the appearance of a basic feature is
unique and will typically decrease as similar elements are
added to the visual field.

Notice that such a mechanism would signal that the
blue H target was salient in the high-salience gap condi-
tion (shown in Figure 2) only if the inhibitory interactions
arising from the old, blue distractors were successfully
modulated by visual marking. Thus, one reason the target
may be harder to detect in the presence of old distractors
than in their absence is because visual marking may not
be capable of completely eliminating the bottom-up, in-
hibitory influence of the old distractors, which is likely to
grow stronger (and therefore harder to suppress) as the
number of old distractors increases.

Therefore, according to this perceptual constraint hy-
pothesis, the salience of the target should decrease as the
number of old elements is increased from two to eight. If
search efficiency is measured as the time taken to search
through increasing numbers of new elements, there should
be two important consequences associated with increas-
ing the number of old elements. First, search through the
set of new elements should become progressively less ef-
ficient as the number of old elements is increased. In
other words, target detection may be relatively unaf-
fected by the number of new elements when there are
only two old elements present in the display (much like
the half-element baseline condition), whereas target de-
tection may be strongly affected by the number of new
elements when there are eight old elements present in the
display. Second, search through a given set of new ele-
ments should also become progressively slower as the num-
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Figure 7. Mean correct response times in each of the target-
present and target-absent conditions as a function of the number
of new elements and the number of old elements in Experiment 3.
The top panel depicts target-absent trials, and the bottom panel
depicts target-present trials.

ber of old elements is increased. For instance, consider the
condition in which only two new elements appear. In this
condition, target detection should be slower when eight old
elements are present in the display than when only two
old elements are present in the display.

In contrast, according to the attentional constraint hy-
pothesis, the highly efficient form of search that charac-
terizes performance in the high-salience half-element
baseline conditionrequires attention to be divided across
the entire display; however, this search strategy may not
be practical in the gap condition, where there are other
(old) distractors that need to be ignored. For instance,
there is evidence that certain forms of goal-directed se-
lection are sacrificed during visual search when attention
is divided, as compared with when it is focused (Theeuwes,
1990, 1991, 1992). In the present context, dividing at-
tention across the display may have made it difficult to
segregate the perceptual qualities of the old elements
from the perceptual qualities of the new elements. Thus,
successful visual marking of the old distractors may re-
quire a relatively narrow attentional focus, regardless of
whether the target is high or low in salience. If this hy-
pothesis is correct, attention should be allocated to indi-
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vidual display elements within the target display in a more
serial (and thus less efficient) fashion; consequently,
search should be affected only by the number of new el-
ements in the present experiment. That is, search through
the set of new elements should be equally inefficient re-
gardless of the number of old elements.

Method

Subjects. A total of 21 University of Notre Dame undergradu-
ates participated in this experiment for course credit. All the sub-
jects reported normal color vision and normal or corrected-to-normal
visual acuity.

Stimuli and Apparatus. The stimuli were the Hs and As used in
Experiment 1. However, unlike in Experiment 1, only the high-
salience gap and the high-salience half-element baseline conditions
were included in the present experiment. Consequently, the ob-
servers always searched for a blue H target among green H distrac-
tors in the half-element baseline condition. Likewise, observers also
searched for a blue H target among green H distractors in the gap
condition; however, in addition, several blue A distractors always
appeared 1,000 msec earlier in the preview display. As in Experi-
ment 1, display size varied from 2 to 8 in the half-element baseline
condition and from 4 to 16 in the gap condition. As was mentioned
above, in the gap condition, the number of old elements (2, 4, or 8)
was completely crossed with the number of new elements (2, 4, or 8).

Procedure. The procedure was similar to that in Experiment 1,
except that only the high-salience half-element baseline and gap
conditions were shown. As in Experiment 1, the observers partici-
pated in 252 trials in the half-element baseline condition (the first 12
of which were practice). In the gap condition, however, the observers
participated in 372 trials (the first 12 of which again served as prac-
tice). There were an equal number of gap trials in each of the 2 target
present X 3 old object X 3 new object conditions, and the order of
trials was randomly determined by the computer for each observer.

Results and Discussion

Mean correct RTs in the gap and half-element baseline
conditions are shown in Figure 7 as a function of target
presence, the number of old elements (two, four, or eight),
and the number of new elements (two, four, or eight). Cor-
responding error rates and slopes are listed in Tables 5 and
6, respectively. Note that, in this experiment, unlike in the
previous two, the slopes were calculated on the basis of
the number of new elements that appeared in the display,
regardless of how many old elements appeared in the gap
condition. This is because the total number of display el-
ements that appeared in the gap condition on any given
trial was no longer double the total number of display ele-
ments that appeared in the half-element baseline condition.

The present experiment was designed to investigate
the nature of the processes that underlie performance in
the high-salience gap condition. In accordance with the
perceptual constraint hypothesis, the present results
showed that search through increasingly larger numbers
of new elements did become progressively less efficient
as the number of old elements appearing in the preview
display increased from two to eight. More specifically,
when the target was present, the slopes of the display-size
functions for new elements increased from 4.24 msec/item
to 11.48 msec/item as the number of old objects increased
from two to eight, respectively. Likewise, when the target
was absent, these slopes increased from 6.03 msec/item
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Table 5§
Mean Error Rates (%) in Experiment 3 Listed as a
Function of Search Type, Target Presence, the Number
of New Elements, and the Number of Old Elements

straint hypothesis, other aspects of the present findings
were not consistent with this hypothesis. In particular,
search through a given set of new elements did not al-
ways become slower as the number of old elements in-

Old Elements .. . .
N creased. This inconsistency was especially clear when two
Condition New Elements 0 2 4 8 new elements appeared in the target display. According
Target Absent to the perceptual constraint hypothesis, RT to detect the
Gap 2 1.90  1.67 262 target should have been significantly slower when eight
4 095 238 048  ]d elements were present in the display than when only
8 2.86 2.14 2.62 . .

two or four old elements were already present in the dis-
Target Present play. This is because increasing numbers of old elements
2 238 286 238  shoyld systematically decrease the salience of the target.

4 1.90 2.86 4.76 H th lts of th t . tclearly vi
g 238 500  9.05 owever, the results of the present experiment clearly vi-
Tareet Ab olated this prediction (see Figure 7). RTs were essentially
arget Absent identical across these three old-element conditions both

Half-element 1.43 . .

143 when two new elements appeared in the target display and
0.95 when four new elements appeared in the target display
T (both F's < 1). Thus, this aspect of the present results is

arget Present . . . . .
119 inconsistent with the perceptual constraint hypothesis
4.05 and is also likely to be inconsistent with any other expla-
1.90 nation that postulates that the old distractors influence

to 20.13 msec/item as the number of old objects increased
from two to eight, respectively. This interpretationis sup-
ported by a significant old element X new element inter-
action [F(4,80) = 5.53, MS, = 2,224.42, p < .0001]; no
other interactions were found to be significant (all ps >
.10). In addition, for the sake of comparison, it is also in-
teresting to note that the observers consistently searched
more slowly and less efficiently in the gap condition than
they did in the half-element baseline condition—although
the difference in search efficiency did not quite reach
significance when the target was present and only two
old distractors were shown [F(2,40) = 2.08, MS, =
570.05,p > .10]; however, search was consistently slower
and less efficient in all the other conditions (p < .05 or
less).

Note, however, that although certain aspects of the
present findings were consistent with the perceptual con-

the salience of the target in a purely bottom-up fashion.

Furthermore, it is also worth pointing out that the sig-
nificant interaction observed between the number of old
elements and the number of new elements in the present
experiment is inconsistent not only with the attentional
constraint hypothesis, but also with other recent findings
that were obtained within the context of a low-salience
search task. In particular, Theeuwes et al. (1998) also in-
dependently varied the number of old and new elements
within the context of a search task in which the target ap-
peared relatively nonsalient and showed that the effi-
ciency of gap search was unaffected by the number of old
distractors. Rather, in their experiment, gap-search times
systematically increased as the number of new elements
increased, regardless of how many old elements appeared
in the preview display. Moreover, as was expected, the
search rates observed in the gap condition were found to
be approximately twice as efficient as the search rates in
the all-element baseline condition and equally as efficient

Slopes of the Display-Size Functions in Experiment 4 Listed as a Function

Table 6

of Search Type, Target Presence, and the Number of Old Elements (With R2)

Old Elements
0 2 4 8
Condition Average R?  Average R?  Average @R?  Average R?
Gap
Target Absent
6.03 1.00 11.20 1.00 20.13 0.96
Target Present
4.24 1.00 7.03 1.00 11.48 0.99
Half-element
Target Absent
—2.41 1.00
Target Present
1.41 0.29




as those found in the half-element baseline condition.
The discrepancy observed between the present results
and Theeuwes et al’s results is therefore important, be-
cause it further emphasizes how the consequences of vi-
sual marking can vary across high-salience search tasks
and low-salience search tasks. More important, with re-
spect to the attentional constraint hypothesis, this dis-
crepancy also indicates that observers do not simply treat
high-salience search tasks as low-salience search tasks
within the context of the gap paradigm (otherwise, sim-
ilar results should have been obtained across the two ex-
periments).

GENERAL DISCUSSION

The present study has consistently shown that old dis-
tractors affect the efficiency of visual search in the high-
salience gap condition, but not in the low-salience gap
condition. The major implication of these findingsis that
visual marking appears to be limited in its ability to in-
crease the efficiency of visual search. In particular, the
present findings suggest that visual marking can increase
the efficiency of visual search by decreasing the size of
the search set, but not by increasing the perceptual salience
of the target. Hence, the present findings suggest that the
effectiveness of visual marking may depend on search
context, with visual marking being more effective in low-
salience search contexts than in high-salience search
contexts.

However, although the present findings can be inter-
preted to suggest that old distractors did affect the per-
ceptual salience of the target in the high-salience gap con-
dition, they were nevertheless unable to reveal exactly
how this occurred. Two general types of processing con-
straints were considered in the present study. According
to the perceptual constraint hypothesis, the old distrac-
tors were thought to decrease the salience of the target via
purely bottom-up processing mechanisms, whereas ac-
cording to the attentional constraint hypothesis, the old
distractors were thought to decrease the salience of the
target via purely top-down processing mechanisms. The
failure to find supporting evidence for either one of these
two theoretical extremes in Experiment 3 therefore sug-
gests that the apparent influence of the old distractors on
visual salience may not be due to any purely bottom-up or
top-down processing constraints.

Of course, there are a variety of other possible con-
straints that could be fashioned around interactions be-
tween bottom-up and top-down mechanisms that may
prove useful in future investigations. For instance, Enns
and Di Lollo (1996) recently showed that an array of dots
thathad no effect on the perception of a visual target when
attention was focused nevertheless had a devastating ef-
fect on the perception of the target when attention was
divided across the display. Likewise, the perceptual influ-
ence of the old distractors may have varied as a function
of attention in the present experiment, perhaps because
attention became increasingly more divided as the number
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of new elements in the target display increased. The plau-
sibility of this and other interactive accounts must await
further evidence, however, and thus is beyond the scope
of the present study.

Before closing, we would also like to briefly consider
two alternative explanations of the decrease in search ef-
ficiency observed in the high-salience gap condition (rel-
ative to the high-salience half-element baseline condi-
tion). For instance, the old distractors may have affected
search performance more in the high-salience gap con-
dition than in the low-salience gap condition not because
marking was less effective in high-salience search con-
texts, but rather because marking itself was applied less
effectively to the old distractors in the high-salience gap
condition. In the present study, we assumed that marking
was applied equally to the old distractors in both the high-
salience and the low-salience gap conditions for a number
of reasons. First, the evidence obtained in Experiments 1
and 2 showed that search performance was approximately
twice as efficient in the high-salience gap condition as in
the corresponding all-element baseline condition, sug-
gesting that only half the elements were searched.

In addition, high-salience gap trials were randomly
mixed with low-salience gap trials in Experiment 1, and
the findings obtained in the low-salience gap condition
provided clear-cut evidence that the old distractors were
successfully marked. Thus, we assumed that the old dis-
tractors were also successfully marked in the high-
salience gap condition. However, this assumption may
not be warranted, given that different preview displays
preceded each of the two gap conditionsin Experiment 1.
As aresult, it is possible that the different pattern of re-
sults observed across the two gap conditions in Experi-
ment 1 may have occurred because observers did not
mark the old distractors as effectively in the high-salience
gap condition as they did in the low-salience gap condi-
tion. Indeed, the task was easier in the high-salience gap
condition than in the low-salience gap condition, and it
may therefore have been possible to perform reasonably
well in the former condition without expending as much
energy on marking. However, this differential marking
hypothesis appears to be inconsistent with the results of
Experiment 3. In particular, as with the perceptual con-
straint hypothesis, the differential marking hypothesis
also predicts that search through a given number of new
elements should have become progressively slower as the
number of old elements increased (because the old ele-
ments were not effectively ignored), but this result was
not obtained in Experiment 3. Thus, it is unlikely that the
pattern of results observed in the present study was ob-
tained simply because observers varied the strength of vi-
sual marking across the two gap conditions.

Another important aspect of the present interpretation
that should be reconsidered concerns the claim that the
old distractors actually decreased the salience of the tar-
get in the high-salience gap condition. This conclusion
was based on evidence obtained from all three experi-
ments, which showed that search performance was less
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efficient in the high-salience gap condition than in the
high-salience half-element baseline condition. In addi-
tion, the results of Experiment 3 were more specific and
suggested that this decrease in search efficiency de-
pended not only on the number of old elements, but also
on the number of new elements. One alternative expla-
nation of this decrease in search efficiency concerns the
possibility that observers changed their response criteria
as the overall display became more complex. In other
words, the target may have appeared equally salient and
thus may have been detected equally efficiently, regard-
less of the number of old and new elements that were
shown in the high-salience gap condition, but observers
may have simply demanded more evidence that the tar-
get was present when the display reached a certain critical
level of complexity. As a result, the adoption of this more
conservative criterion would have slowed search times and
thus could possibility account for the unexpected pattern
of results observed in Experiment 3.

We are currently investigating this criterion explana-
tion of the difference in search efficiency observed be-
tween the high-salience gap condition and the high-
salience half-element baseline condition within the context
of a signal detection paradigm. Such a paradigm will
allow us to determine whether the decrease in search ef-
ficiency observed in the high-salience gap condition re-
flects a change in criterion or a change in perceptual sen-
sitivity. At this point in time, we can only offer our own
subjective impression that the appearance of the target is
actually harder to see in the high-salience gap condition
than it is in the high-salience half-element baseline con-
dition, especially when the number of old and new ele-
ments is relatively large. That is, the old distractors do in
fact appear to decrease the perceptual salience of the tar-
get. Thus, we expect to find a change in perceptual sensi-
tivity in the signal detection paradigm, and not merely a
change in criterion.

Thus, the major conclusion of the present article is
that visual marking can increase the efficiency of visual
search by decreasing the size of the search set, but it is
apparently limited in its ability to increase the efficiency
of visual search by increasing the salience of the target.
Although this conclusion may be judged to be inade-
quate with the benefit of additional evidence, there does
not appear to be any strong reason to doubt its adequacy
at the present point in time. Thus, the primary challenge
for future investigationsinto the role of visual marking in
high-salience search tasks will be the developmentof other
perceptually based explanations that are capable of ex-
plaining why search efficiency depends on both the num-
ber of old elements and the number of new elements.
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NOTES

1. Display size was actually 2, 4, and 8 in the half-element baseline
condition and 4, 8, and 16 in the all-element baseline and gap condi-
tions. Nevertheless, in order to directly compare search efficiency in
the half-element baseline condition with search efficiency in the other
two conditions, all the slopes of the display-size functions were based
on display sizes of 4, 8, and 16 (see Watson & Humphreys, 1997, for a
fuller discussion of this issue).

2. Note, however, that the findings reported in Experiment 4b of Wat-
son and Humphrey’s (1997) study may provide weak evidence that the
perceptual salience of the target can be increased in the gap condition.
In this experiment, the target was a blue H; the distractors were blue 7's
in the half-element baseline condition, and this display was added to a
display of green Hs in the gap condition. Unlike in their other half-
element baseline condition, in which the blue H target did not differ
from the blue A distractors along a primitive feature dimension, it is
likely that the blue H target could be distinguished from the blue 7 dis-
tractors solely on the basis of orientation features. Thus, it is likely that
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the target did appear salient in the half-element baseline condition and
had the potential to appear salient in the gap condition in this experi-
ment. The results showed that search was relatively efficient in the half-
element baseline condition (with RTs increasing by approximately
10 msec/item). More important, the results of this experiment appeared
to show that the blue H target could be detected just as efficiently in the
gap condition as in the half-element baseline condition, at least on tar-
get-present trials. However, the search latencies obtained in the gap con-
dition of this experiment may have been speeded at the expense of ac-
curacy, although an omnibus analysis of variance failed to reveal a
significant interaction. For instance, mean percentage error rates on tar-
get-present trials in the gap condition of Experiment 4b (Watson &
Humphreys, 1997; see Table 10) were 2.08%,2.92%, and 7.92% in the
4, 8, and 16 display-size conditions, respectively. In contrast, mean per-
centage error rates on target-present trials in the half-element baseline
condition of Experiment 4b were 4.58%, 3.33%, 3.33% in the 4, 8, and
16 display-size conditions, respectively. Hence, it is possible that Wat-
son and Humphreys failed to find an RT difference between the gap and
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the half-element baseline conditions in this experiment because ob-
servers traded speed for accuracy in the gap condition on target-present
trials. In addition, although their findings failed to reveal a significant
difference in search efficiency across the gap and half-element baseline
conditions on target-present trials, their findings did reveal a signifi-
cant difference in search efficiency across the gap and half-element
baseline conditions on target-absent trials. Thus, stronger evidence
must be obtained to determine whether visual marking can increase the
perceptual salience of the target.

3. We actually ran two versions of this experiment. One version was
exactly as described in the text, and the other version was identical, ex-
cept that the target was a blue A and the distractors were blue Hs and
green As. Subjects were randomly assigned to each of these two target
conditions. For the sake of simplicity, we ignored this manipulation in
the text, because the results were essentially identical in both groups.
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