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Response Selection in Visual Search: The Influence of Response
Compatibility of Nontargets

Peter A. Starreveld, Jan Theeuwes, and Karen Mortier
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The authors used visua search tasks in which components of the classic flanker task (B. A. Eriksen &
C. W. Eriksen, 1974) were introduced. In several experiments the authors obtained evidence of parallel
search for atarget among distractor elements. Therefore, 2-stage models of visual search predict no effect
of the identity of those distractors. However, clear compatibility effects of the distractors were obtained:
Responses were faster when the distractors were compatible with the response than when they were
incompatible. These results show that even in parallel search tasks identity information is extracted from
the distractors. In addition, alternative interpretations of the results in terms of the occasional identifi-
cation of a distractor before or after the target was identified could be ruled out. The results showed that
flat search dopes obtained in visua search experiments provide no benchmark for presttentive processing.

Visual search is one of the basic human skills: It is an activity
that humans use on a daily basis. For decades, research has been
devoted to unraveling the underlying processes of this activity.
Following Neisser (1967), the prevailing view among theorists is
that the visual search process consists of two stages. During the
first stage, basic features (like curvature, color, and orientation) are
extracted from the elements in the visual field. The stage is
assumed to operate preattentively and without capacity limits: All
items from the visual display are processed in parallel. According
to Neisser, these “preattentive processes . . . produce the objects
which later mechanisms are to flesh out and interpret” (p. 89).
These later processes operate during the second stage, in which
focal visual attention selects one item at a time for further pro-
cessing. This stage is therefore characterized by severe capacity
limitations, or, in Neisser's words, “an alotment of anayzing
mechanisms to a limited region of the field” (p. 88). The idea of
selecting or filtering (cf. Broadbent, 1958) a limited subset of the
information available to the senses has been further developed by
more recent theorists. For example, according to Treisman and
colleagues (Treisman, 1999; Treisman & Gelade, 1980; Treisman
& Sato, 1990), only the basic features present in the visual display
are computed automatically. Visual attention, deployed in a seria
manner, is necessary to bind those basic features together so that
the conjunction of features (e.g., tilted red) can be computed, or
objects can be recognized. For example, the identities of letters—
which are conjunctions of basic curvature features—are only
known to participants after the employment of visual attention (see
also Duncan, 1979).
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Similarly, Wolfe and colleagues (Wolfe, 1994; Wolfe, Cave, &
Franzel, 1989) proposed a model in which basic features are
extracted in pardlel. In this guided search model, al activated
basic feature representations contribute to activations in a retino-
topic activation map. According to thismodel aso, visual attention
is necessary in order to recognize an item (e.g., Wolfe & Bennett,
1997; Wolfe, Klempen, & Dahlen, 2000). To find a target, “ atten-
tion is deployed in order of decreasing activation. It shifts from
peak to peak in the activation map until the target is found or until
the search is terminated” (Wolfe, 1994, p. 209). For present
purposes, it is important to note that the model considers only one
location at a time: “Attention is only at one location or another”
(Wolfe, 1994, p. 209).

A major source of evidence for such two-stage theories of visual
search was derived from tasks in which the number of distractor
elements was varied. Key findings from such studies are that when
target and distractor differ in one basic feature (e.g., color), reac-
tion times (RTs) are independent of the number of distractor
elements (e.g., Mueller, Heller, & Ziegler, 1995; Treisman, 1988;
Treisman & Gelade, 1980). Thus, flat slopes of the search func-
tions relating RT to display size are obtained. Two-stage theories
explain these flat slopes by assuming that for these tasks a decision
about the presence or absence of the target can be made based on
results of the first, parallel, processing stage. This mode of search
behavior is labeled parallel search, or efficient search. In contrast,
in tasks in which the target and the distractors differ in a conjunc-
tion of basic features (e.g., when ared tilted line has to be found
among red vertical lines and blue tilted lines), the time to find a
target element increases linearly as the number of distractor ele-
ments increases (e.g., Treisman & Sato, 1990). Thus, in this case,
steep slopes of the search functions relating RT to display size are
obtained. Two-stage theories assume that seria—attentional—
processing of display elements has to occur for a decision about
the presence or absence of the target. As a result, processing time
increases when the number of distractor elements (and thus the set
size of the to-be-searched elements) increases. This mode of search
behavior is labeled serial search, or inefficient search.
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As discussed previoudly, flat slopes of search functions are
interpreted as evidence showing that distractor elements in the
corresponding experiments were only preattentively processed.
Because identification of a display element involves attentive
processing, two-stage theories of visual search predict that the
identities of distractors should not affect the search time for a
target in any search task in which flat search slopes are obtained.
In the present study, this prediction was put to the test.

The prediction regarding the influence of distractor identity
upon search efficiency that we derived for serial two-stage theories
of visua attention contrasts with predictions of parallel theories of
visual attention. According to the latter type of theory (e.g., Mc-
Elree & Carrasco, 1999; Murdock, 1971; Rumelhart, 1970; Shaw
& Shaw, 1977; Townsend & Ashby, 1983), al identities of the
elementsin the visual field are computed in parallel, so influences
of distractor identity upon search efficiency are to be expected.

The fact that we derived clearly different predictions for seria
two-stage models and parallel models is not trivial. It has long
been known that the classic results of visua search tasks that we
described earlier (flat search slopes for feature search and steep
slopes for conjunction search) can easily be explained by both
serial models and parallel models of visual search (e.g., Townsend,
1972). For parallel models, the explanation of flat search curves
obtained for feature search is self-evident: Because information is
accumulating in parallel, a decision can aways be made at the
same speed. The explanation of steep search functions seems to
pose more of a problem for parallel theories. However, for exam-
ple, Townsend aready argued that parallel models that assume
limited processing capacity can explain an increase in RTs with
increasing number of distractors. When the information needed to
make a comparison of an element with a target representation is
complex, capacity limits may reduce the rate of information accu-
mulation for each comparison. This|lower rate ultimately transl ates
to longer RTs (e.g., McElree & Carrasco, 1999; Murdock, 1971;
Rumelhart, 1970; Shaw & Shaw, 1977; Townsend & Ashby,
1983). The assumption of limited capacity is not critical: Another
class of parallel models assumes unlimited capacity in the amount
of information accumulation. However, for these models, as the
number of comparisons increases, so does the chance of making an
error. Although such models (known as confusability theories) are
mostly aimed at explaining accuracy data (e.g., Kinchla, 1974;
Palmer, Ames, & Lindsey, 1993), they might be generalized to
handle visual search results as well. Finally, dependent on the
characteristics of the stimulus display, even implemented neural
network models may produce both flat and steep search slopes
(Humphreys & Muller, 1993).

The classic RT pattern produced by feature search and conjunc-
tion search tasks can thus be explained by both seria two-stage
models and parallel models. Therefore, adifferent type of evidence
is needed to help distinguish these types of models. To do so,
McElree and Carrasco (1999) used a response-signa speed—
accuracy trade-off procedure and argued that their results were
best explained by alimited-capacity parallel model. In the present
article, we show that the standard RT paradigm can a so be used to
directly test different predictions of seria two-stage models and
parallel models of visual search. We describe the paradigm that we
used next.

In most visual search experiments, only a target present/target
absent responseis required, and the identity of the distractors bears

no relation to the present/absent response. However, a large body
of literature exists in which experiments are described that use the
fact that distractors can be associated to the required response. In
flanker tasks, introduced by B. A. Eriksen and Eriksen (1974),
participants respond to a target presented at a fixed location. The
target is flanked by two distractors, which participants are in-
structed to ignore. In the flanker task, generally two responses are
required that are based on the identity of the target. For example,
when the target is an A, participants respond by pressing one of
two keys, when it isa T, they press the other key. In this type of
task, varying the relation between the distractors and the response
has profound consequences for the obtained results. When the
distractors are not associated with a response (target A, distractor
K), RTs in a baseline condition are obtained. Relative to this
baseline condition, RTs increase when distractors are associated to
a different response than the one that is required for the target
(target A, distractor T), an interference effect. Also, relative to the
baseline condition, RTs generally decrease when distractors are
associated with the same response (target A, distractor A, a facil-
itation effect; e.g., B. A. Eriksen & Eriksen, 1974; Taylor, 1977).
In the remainder, we cal the difference in RTs between the
compatible and incompatible conditions a congruency effect. We
use the term compatibility effect as a superordinate for the three
effects mentioned.

In the present study, we introduced aspects of the flanker task in
types of visual search tasks based on conjunction search tasks and
feature search tasks. Like standard visual search tasks, participants
aways searched for a target among distractors. In addition, like
flanker tasks, the target was aways one of two letters that each
required a different button-press response, and distractors could be
associated with the same response, a different response, or with no
response at all. Usage of this type of task has already proven to
yield valuable results in the study of attentional capture by single-
tons (Theeuwes & Burger, 1998; see aso Theeuwes, 1996).

The first experiment was based on a study reported by Kaptein,
Theeuwes, and van der Heijden (1995). These authors described
experimentsin which participants had to search for acolored target
among distractors: some had the same color as the target and some
had a different color.* The results showed an increase in RT with
increasing numbers of same-color distractors, while there was no
effect on RT when the number of different-color distractors in-
creased (see also Egeth, Virzi, & Garbart, 1984). The authors
interpreted these results as showing that participants performed a
serial search among the elements that shared the color of the target.
According to an interpretation in terms of serial two-stage models

1 Keren (1976) obtained congruency effectsin avery similar search task.
However, because no set-size manipulation was used in the study reported
by Keren, the obtained effects could have occurred because participants
might not have been able to limit their search to the target-color subset.
Francolini and Egeth (1980) aso performed experiments with similar
displays. Their results indicated that the elements of the nontarget color
could be ignored (but see Driver & Tipper, 1989), just like those in the
study of Kaptein et al. (1995). However, responses in their experiments
were not related to the identity of the elements, but to their number. In
addition, because of their Stroop-like manipulations, the identity of the
target elements could in fact be incompatible with the response. Because of
these differences with the present study, we do not discuss this study
further.
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of visual search, the elements of the nontarget color were only
presattentively processed.

Kaptein et al. (1995) used a visual search task in which partic-
ipants indicated the presence or absence of the target. The present
Experiment 1 used a variant of this task. Each display contained
one of two possible target letters, each requiring a different re-
sponse. The target letter was always displayed in red and was
accompanied by red distractors (other red letters) that never were
targets in the experiment. In addition, the red elements were
accompanied by green distractors that were related either to the
same response (these letters were identical to the target letter
except for their color) or to the other response. We varied both the
number of red and the number of green distractors. On the basis of
the results of Kaptein et al., we expected to obtain results that
would show inefficient search among the red display elements and
efficient search among the green distractors. When these results
would obtain, we could then address the main issue of the exper-
iment. Given efficient search among the green distractors, seria
two-stage models of visual search predict that no compatibility
effect induced by the green distractors should be obtained, whereas
parallel models of visual search predict that clear compatibility
effects of these distractors should be found.

Experiment 1

Method

Participants. Eight students from the Vrije Universiteit, Amsterdam,
the Netherlands, took part in the experiment. All had normal or corrected-
to-normal vision and no reported color blindness. Participants were paid
about $5 for their cooperation.

Materials. In al experiments reported in this article, stimuli were
drawn on a computer screen with a resolution of 640 X 480 pixels. The
letters were located on an imaginary circle drawn around the center of the
display with a radius of 3.6° of visual angle, to control for visual acuity
differences between different presentation locations (see, e.g., Anstis,
1974). The position of each element was randomly chosen, the only
restriction being that distances between neighboring display elements were
equal.

In the present experiment, the target letter was either a capital A or a
capital R, displayed in red. Green distractors were also Rs and As. In the
compatible condition, these letters were the same as the target letter; in the
incompetible condition, they were different from the target. There were 2,
4, or 6 green distractors. In addition, there were 2, 4, or 6 red distractors.
These distractors were randomly chosen from the set B, E, G, H, K, N, §
T, U, Z. Numbers of green and red distractors were factorially combined to
yield nine different display constitutions ranging from 5 display elements
(2 green distractors, 2 red distractors, and 1 target) to 13 display elements
(6 green distractors, 6 red distractors, and 1 target). For all display con-
stitutions, both target letters were used to create compatible displays and
incompatible displays. Red and green distractors were equiluminant as
determined by the flicker-fusion test. The height and width of the letters
were about 0.67° and 0.47° of visua angle, respectively (font FR-25 of the
Micro Experimental Laboratory [MEL] fonts; MEL Version 2.0; Schnei-
der, 1988).

The experiment was preceded by a practice series in which the green
distractors from the experimental displays were replaced with green letters
randomly chosen from the set used for the red letters so that none of these
distractors were compatible or incompatible with the response. Each of
these displays was created 18 times, rendering 324 trials.

Apparatus. The experiment was programmed using MEL professional
software (Version 2.0; Schneider, 1988). Presentation of the stimuli and

collection of the data were performed using a fast IBM compatible PC.
Participants rested their heads on a chin rest located at 85 cm in front of the
computer screen.

Procedure. Participants were seated in a dimly illuminated booth.
Participants were told that they would see both red and green letters, but
they were only to respond to ared A or ared R, one of which would be
present in each display. Participants had to press the Z key when they saw
ared A and the slash key when they saw ared R. They were instructed to
respond as quickly and accurately as possible. Instructions also stressed
that participants should fixate on the fixation cross and that they should not
move their eyes during the presentation of atrial.

The session started with the presentation of a practice series. If partic-
ipants made more than 10% of errors in this practice series, then the
practice series was repeated. Two experimental series then followed. Each
series consisted of 2 (targets) X 3 (number of red elements) X 3 (number
of green elements) X 2 (conditions) X 9 (repetitions), to equal 324 trials.
Participants received a short break after 81 trials in each series. During
these breaks, the computer showed participants their mean RTs and number
of errors on the preceding block, which they wrote down. After each series,
the experimenter checked these figures to monitor participants perfor-
mance. A maximum of 3 participants were tested concurrently. During the
experiment, each participant was monitored by a video camera.

Each tria involved the following sequence. First, a fixation cross ap-
peared in the middle of the screen. After 700 ms, the stimuli were added to
the screen. Then, after 200 ms, the screen was erased. A stimulus duration
of 200 ms was chosen because previous research has shown that such
display durations do not allow effective eye movements (e.g., Rayner,
Slowiaczek, Clifton, & Bertera, 1983). Next, the participant responded by
typing one of two keys. If the response was correct, this triggered the next
trial. If it was incorrect, a tone was sounded for 100 ms, after which the
computer presented the next trial. Finaly, if the participants did not
respond within 2 s, the response was scored as wrong. The experiment took
about 45 min.

Results

Correct responses that took longer than 1,100 ms were removed
and treated as errors. This accounted for 0.73% of the trias. All
remaining RTs for correct responses were used for the calculation
of the means for the compatible and incompatible conditions for
each of the nine display constitutions. In Figure 1, these means and
the corresponding mean numbers of errors are plotted, showing the
differences between the compatible and incompatible conditions
for each number of red elements (within a graph) and for each
number of green elements (between graphs).

Mean RTs were analyzed by a3 X 3 X 2 analysis of variance
(ANOVA), with the number of red elements, the number of green
elements, and compatibility as within-participant variables. The
effect of compatibility was significant, F(1, 7) = 47.8, p < .01,
MSE = 650. Participants responded slower in the incompatible
condition than in the compatible condition. The effect of the
number of red elements was aso significant, F(2, 14) = 158.3,
p < .01, MSE = 781. Finally, the effect of the number of green
distractors was significant, F(2, 14) = 20.1, p < .01, MSE = 334.
Participants' RTs increased as the number of red and green ele-
ments increased. Most important, neither the second-order inter-
actions nor the third-order interaction was significant (all ps >
.20).

The effects of the variables number of red elements and number
of green elements can be further analyzed by determining the slope
of the search functions. Because no interactions with the other
variables were obtained, least-square slope estimates were calcu-
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lated based on participants mean RTs for the number of red
elements averaged over the number of green elements and over the
two conditions. For the red elements, the average slope of the
linear fitswas 25.1 ms per item. Similarly, the average slope of the
linear fits based on participants mean RTs for the green elements
averaged over the number of red elements and over the two
conditions was only 5.7 ms per item.

The error analysis showed comparable results. Errors were
analyzed using the same 3 X 3 X 2 ANOVA. The effect of
compatibility was significant, F(1, 7) = 8.6, p < .05, MSE = 92.
The effect of the number of red elements was significant, F(2,
14) = 19.6, p < .01, MSE = 49. The effect of the number of green
elements was also significant, F(2, 14) = 7.8, p < .01, MSE = 30.
Finaly, only the interaction between the number of red elements
and compatibility reached significance, F(2, 14) = 6.6, p < .01,
MSE = 21. Inspection of Figure 1 shows that this interaction was
due to the effect of compatibility being especialy large when six
red elements were present in the display. In conclusion, no speed—
accuracy trade-offs were apparent in the error data.

Discussion

In the experiment, the mean slope of the search function for the
number of green elements was only 5.7 ms. This small number is
generally taken to signify that the green elements were only
preattentively processed (e.g., Cave & Wolfe, 1990; Duncan &
Humphreys, 1989; Enns & Rensink, 1990; Treisman & Gormican,
1988). In addition, the slope for the search function among the red
elements was 25.1 ms. This finding is generally interpreted as
showing inefficient serial search (e.g., Horowitz & Wolfe, 1998).
Taken together, the experiment replicated the results of Kaptein et
a. (1995) because the results showed that participants were able to
reduce their searches to a color-defined subset. In addition, the
experiment extended these results to a task in which participants
searched for letters (see adso Egeth et a., 1984). In terms of
two-stage models of visual search, the results showed that visual
attention was only deployed to the red elements and not to the
green elements (see aso Kaptein et a., 1995). Nevertheless, the
results showed a clear effect of compatibility of the green distrac-
tors for all numbers of red elements used in the experiment. This
latter result was not predicted by two stage models of visua
search, but is in accordance with predictions of parallel models.

In terms of two-stage models of visual search, in the present
experiment the target element was found by a serial deployment of
attention among the red display elements. Thus, on an average
trial, attention would have been deployed to several red elements
at several locations. Although it is assumed that visual attention
can move between positions instantaneously (e.g., Sagi & Julesz,
1985; Sperling & Weichselgartner, 1995), there is till debate
about whether visual attention has effect on intermediate locations
when it moves (see, eg., Tsal, 1983; Yantis, 1988). To avoid an
interpretation of our compatibility effect in terms of the processing
of green distractors due to attention moving over them, in the next
experiment we used atask in which visual attention moved directly
to the position of the target letter. In this task, there was only one
red |etter, the target, which was accompanied by a variable number
of green letters (the distractors). The distractors could again be
compatible or incompatible with the response. We also added a

control condition in which the distractors were not associated with
aresponse, to alow the assessment of possible separate facilitation
and inhibition effects as compared with this control condition. The
resulting color-singleton search task is a variant of the feature
search task, because the location of the target can be found on the
basis of a single basic feature, color. Again, two-stage theories of
visual attention predict that no compatibility effects should be
obtained in such an experiment.

Experiment 2

Method

Participants. Ten students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.

Materials. The displays had the same properties as in Experiment 1.
The target letter was either a capital N or a capital T, displayed in red.
Green distractors were Ns, Ts, and Cs. In the compatible condition, the
green distractors were the same as the target letter; in the incompatible
condition, they were associated with adifferent response. In addition, in the
control condition, the green distractors consisted of Cs that were not
associated with a response.

There were 2, 4, 6, 8, 10, or 12 green distractors present in the displays.
The experiment was preceded by a practice series in which the green
distractors from the experimental displays were replaced with green |etters
that were Ks, Us, or As so that none of these distractors were compatible
or incompatible with the response.

Apparatus. The apparatus was the same as in the previous experiment.

Procedure. The procedure was almost the same as in the previous
experiment. Participants were told that they would see one red letter and
several green letters, but they were only to respond to the red letter.
Participants had to press the Z key when they saw ared N and the slash key
when they saw ared T, one of which would be present in each display.

The session again started with the presentation of a practice series that
consisted of 2 (targets) X 6 (number of green distractors) X 3 (number of
green letters) X 2 (repetitions), to equal 72 trials. Three experimental series
then followed. Each series consisted of 2 (targets) X 6 (number of green
distractors) X 3 (conditions) X 9 (repetitions), to equal 324 trials.

Results

Correct responses that took longer than 1,100 ms were treated as
errors. This accounted for 0.07% of the trials. All remaining RTs
for correct responses were used for the calculation of the means for
the compatible, incompatible, and control conditions for each of
the six display sizes. Figure 2 shows these means and the corre-
sponding mean numbers of errors.

Mean RTswere analyzed by a6 X 3 ANOVA, with the number
of green elements and compatibility as within-participant vari-
ables. The effect of compatibility was significant, F(2, 18) =
2525, p < .01, MSE = 185. In genera, participants responded
slower in the incompatible condition than in the compatible con-
dition, with RTsin the control condition in between. The effect of
the number of green distractors was aso significant, F(5, 45) =
18.0, p < .01, MSE = 110. Participants RTs increased as the
number of green elements increased. Finally, the interaction of
these two variables proved significant, F(10, 90) = 7.3, p < .01,
MSE = 118. Inspection of Figure 2 shows that this interaction was
mainly caused by an increase in RTs for the incompatible condi-
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tion with increasing number of green distractors. The mean slope
of the linear fits for the search functions for this condition was
nevertheless very small, only 4.46 ms.

The mean numbers of errors were analyzed using the same 6 X
3 ANOVA. Only the effect of compatibility proved significant,
F(2, 18) = 284, p < .01, MSE = 34. Newman—Keuls post hoc
tests showed that more errors were made in the incompatible
condition than in the other two conditions.

Discussion

The results of this experiment were obtained in a task that
showed very efficient search among the green elements (cf. Cave
& Wolfe, 1990; Duncan & Humphreys, 1989; Enns & Rensink,
1990; Treisman & Gormican, 1988), indicating that visual atten-
tion was directly deployed to the location of the target. However,
as in Experiment 1, clear compatibility effects of the green dis-
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tractors were obtained: Distractors associated with an incompatible
response caused longer RTs than distractors not associated with a
response or distractors associated with the correct response. There-
fore, the results of Experiment 2 present corroborating evidence
for the conclusions drawn from the results of Experiment 1. Again,
predictions of two-stage models of visua search were disproved.
In the General Discussion section, we elaborate on these results.
For now, we mention that a possible explanation of the present
results might be derived from the fact that the green distractors and
the red targets were identical except for their color. Therefore, it
could be hypothesized that if the attentional system had used
form-based templates to find the targets, the distractors would also
have matched these templates. To prevent an interpretation of our
results in terms of form-based templates, in the next two experi-
ments we replicated both Experiments 1 and 2 using the same
capital letter targets, but with green distractors that were either
small as and rs (Experiment 3) or small ns and ts (Experiment 4).
In Experiment 3, participants searched among a color-defined
subset of the display elements, as they did in Experiment 1.

Experiment 3
Method

Participants.  Eight students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.

Materials. Same as in Experiment 1, except that the green distractors
consisted of small letters instead of capital letters. The MEL FR-25 font
was chosen to depict the letters because in this font, the small |etters differ
considerably from the corresponding capital letters. Note that both the red
distractor elements and the target were capital letters.

Apparatus. The apparatus was the same as in Experiment 1.

Procedure. The procedure was the same as in Experiment 1.

Results

The data were treated the same way as in Experiment 1. The
removal of the RTsfor correct trials that took longer than 1,100 ms
accounted for 0.6% of the trials. Figure 3 shows the means for the
compatible and incompatible conditions for each number of red
elements (within a graph) and for each number of green elements
(between graphs) as well as the corresponding mean numbers of
errors.

A 3 X 3 X 2 ANOVA was performed, with the number of red
elements, the number of green elements, and compatibility as
within-participant variables. The effect of compatibility was sig-
nificant, F(1, 7) = 322, p < .01, MSE = 847. Participants
responded more slowly in the incompatible condition than in the
compatible condition. The effect of the number of red elements
was also significant, F(2, 14) = 44.4, p < .01, MSE = 1,635.
Finaly, the effect of the number of green distractors was signifi-
cant, F(2, 14) = 34.1, p < .01, MSE = 230. Most important, asin
Experiment 1, neither the second-order interactions nor the third-
order interaction was significant (all ps > .40).

As in Experiment 1, we calculated the slopes for the partici-
pants’ search functions for search among the red elements and the
green elements. The mean slope of the linear fits for search among
the red elements was 19.4 ms per item. The mean slope of the
linear fitsfor search among the green elements was only 6.3 ms per
item.

The same ANOVA performed on the RT data was performed on
the number of errors. Only the effect of the number of red elements
was significant, F(2, 14) = 16.0, p < .01, MSE = 23. The effect
of compatibility approached significance, F(1, 7) = 5.2, p = .06,
MSE = 17. Also, the interaction of number of red elements and
compatibility approached significance, F(2, 14) = 2.8, p = .10,
MSE = 19, the effect of compatibility tended to be larger for
displays that contained two red elements than for displays that
contained more than two red elements.

Discussion

The results nicely replicated the results of Experiment 1, but
using green distractors that consisted of small letters instead of
capital letters. Again, we obtained evidence that participants were
able to restrict their search to the red elements, because the slope
of the search function among the green elements was well below
10 ms (e.g., Cave & Wolfe, 1990; Duncan & Humphreys, 1989;
Enns & Rensink, 1990; Treisman & Gormican, 1988). More im-
portant, we again obtained clear compatibility effects from the
green distractors.

The results showed that an explanation of the obtained compat-
ibility effects cannot be framed in terms of form templates used by
the attentional system. To further generalize this finding, in the
next experiment we tried to replicate the results of Experiment 2,
again using distractors that were small letters. Recall that this
experiment was a variant of a feature search task because in this
task, the target was a color singleton.

Experiment 4

Method

Participants.  Eight students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.

Materials. The materials were the same as those in Experiment 2,
except that the green distractors consisted of small |etters instead of capital
letters.

Apparatus. The apparatus was the same as in Experiment 2.

Procedure. The procedure was the same as in Experiment 2.

Results

The data were treated the same way as in Experiment 2. The
removal of the RTsfor correct trials that took longer than 1,100 ms
accounted for 0.09% of thetrials. Figure 4 shows the meansfor the
compatible, incompatible, and control conditions for each number
of green elements and the corresponding mean numbers of errors.

A 6 X 3 ANOVA was performed, with the number of green
elements and compatibility as within-participant variables. The
effect of compatibility was significant, F(2, 14) = 43.5, p < .01,
MSE = 637. As in Experiment 2, in general, participants re-
sponded slower in the incompatible condition than in the compat-
ible condition, with RTs in the control condition in between. The
effect of the number of green distractors was also significant, F(5,
35) = 5.4, p < .01, MSE = 124. Participants’ RTsincreased asthe
number of green elements increased. Finaly, the interaction of
these two variables proved significant, F(10, 70) = 6.7, p < .01,
MSE = 97. Inspection of Figure 4 shows that this interaction was
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mainly caused by an increase in RTs for the incompatible condi-
tion with increasing number of green distractors. The mean slope
of the linear fits for the search functions for this condition was
nevertheless very small, only 3.9 ms.

The mean number of errors was analyzed using the same 6 X 3
ANOVA. Only the effect of compatibility proved significant, F(2,
14) = 37.8, p < .01, MSE = 18. Newman—Keuls post hoc tests

showed that more errors were made in the incompatible condition
than in the other two conditions.
Discussion

The results nicely replicated the results of Experiment 2, but
using green distractors that consisted of small letters instead of
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capital letters. Again, clear compatibility effects were obtained in
an experiment in which search among the green elements was very
efficient (e.g., Cave & Wolfe, 1990; Duncan & Humphreys, 1989;
Enns & Rensink, 1990; Treisman & Gormican, 1988). Because
targets and distractors differed in form, we conclude that the
occurrence of compatibility effects cannot be explained in terms of
form-based templates. In terms of two-stage models of visual
search, the results showed that no visual attention was deployed to
the green elements. Nevertheless, the results showed clear com-
patibility effects induced by the green distractors. These results
were not predicted by two-stage models of visual search, but arein
accordance with predictions of parallel models. We elaborate on
this issue in the General Discussion section.

Alternative interpretations. Proponents of two-stage models
of visual search might come up with alternative interpretations of
the results obtained so far. To uphold the core assumptions of any
two-stage theory, and at the same time account for the compati-
bility effects we obtained, three options result. The first two
options are similar in that they both assume that, despite the small
search slopes over the green elements that we obtained, neverthe-
less a green distractor was occasionally identified before the target
was found. The first of these options is that this might have
occurred because in our experiments participants might occasion-
aly have guessed the location of the upcoming target and in
anticipation focused their attention on that location. We call this
the “guess interpretation.” The second interpretation is that partic-
ipants might always have directed their attention toward the gen-
eral areaof the red element. However, they might occasionally, yet
mistakenly, have focused their attention on a distractor element in
a location adjacent to the target first. We call this the “mistake
interpretation.” If a distractor was occasiondly identified before the
target, this might have caused the obtained compatibility effects.

In our view, these accounts are not very satisfactory. According
to these accounts, a distractor was only occasionally attended first.
Thus, inthe mgjority of thetrials, adistractor was not identified before
the target was found. This implies that the compatibility effects
induced by the occasionaly identified distractors should have been
very large in order to show up in the means. However, if a distractor
would regularly have been identified before the target was, these
interpretations remain feasible, so they deserve further scrutiny.

Both the guess and the mistake interpretation predict an increase
in mean RT with increasing display size for the incompatible and
control conditions. An increase in mean RT is also predicted for
the compatible condition if the reasonable assumption is made that
a compatible distractor causes interference as compared with a
situation in which the target is presented alone (e.g., B. A. Eriksen
& Eriksen, 1974; C. W. Eriksen & Schultz, 1979). The reason for
these predictions is that according to the guess interpretation, the
chance of the occurrence of a distractor at a guessed location
increases with increasing display size. According to the mistake
interpretation, the chance that an element in the near vicinity of the
target was mistakenly selected first also increases because with
increasing display size, in our experiments the distance of the
nearest distractors to the target decreased so that more distractor
elements were present in the vicinity of the target. These predic-
tions can be evaluated by examining our data presented so far. The
predictions were clearly not borne out for the control and correct
conditions, because for these conditions the predicted increases
were not obtained. However, in Experiments 2 and 4, we did

obtain such increases in RTs for the incompatible condition. Al-
though these increases were small—and therefore indicative of
parallel search among these distractors—we wanted to more thor-
oughly rule out the alternative interpretations mentioned previ-
ously by an investigation into the precise origin of the increase of
RTs with increasing set size for the incompatible condition. Ex-
periments 5, 6, and 7 were run to investigate this issue by trying to
isolate the variable that caused the small increase and, in doing so,
to investigate the relative merits of the guess interpretation and the
mistake interpretation.

The third and final interpretation to account for our compatibil-
ity effects, and still uphold the core assumptions of any two-stage
theory, is to assume that the compatibility effects were caused by
identification of one or more distractors after the identification of
the target had taken place but before response selection had oc-
curred. Although this posttarget-processing hypothesis is clearly
post hoc because a corresponding mechanism is not included in
two-stage theories of visual search (e.g., Wolfe, 1994, stated that
“a search ends when a target is found,” p. 209), it might nicely
account for the compatibility effects that we have obtained so far.
Therefore, in Experiment 8, we investigated further this interpre-
tation by masking the distractors in order to minimize the chance
that distractors received such posttarget processing.

Identification of distractors before identification of the target.
In the experiments reported so far, an increase in the number of
green distractors was aways accompanied by an increase in search
set size and, thus, by an increasein display density. In Experiment
5, we evaluated the role of an increase in display density per se. In
this experiment, we kept the number and relative location of the
compatible/neutral/incompatible distractors (experimental distrac-
tors) fixed, but varied the number of display elements by intro-
ducing neutral filler elements. Neutral filler elements were located
between the target and the experimental distractors (and between
the experimental distractors themselves). Note that, on the basis of
the results obtained with alocation cuing task, Y antis and Johnston
(1990) argued that the number of intervening items between the
target and the experimental distractors was an important variable
governing the size of compatibility effects.

The guess interpretation predicts a clear increase in overall RTs
for al conditions, because the chance that a nontarget element oc-
curred at a fixed random location increased with increasing display
size. It aso predicts that the size of the compatibility effects should
remain constant for the various display sizes used, because the chance
that an experimental distractor occurred at a fixed random location
remained the same with this manipulation. In contrast, the mistake
interpretation predicts very small, if any, compatibility effectsto begin
with, because there were no experimental distractor elements in the
near vicinity of the target. In addition, it predicts a clear decrease of
the compatibility effects with increasing display size, because with
increasing display size more and more neutra filler elements were
present near the target location.

Experiment 5

Method

Participants. Ten students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.
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Materials. The characteristics of the display were the same as in the
previous experiments. To build a particular display, atarget element (either
ared N or ared T) was placed at a random position on an imaginary circle.
Two experimental elements (green Ns, Ts, or Cs) were located in such a
way that all distances between neighboring elements were equal. Finally,
zero, three, six, or nine filler elements (green Ss) were added to the display
in such away that an equal number of filler elements were placed between
the target and each experimental element and between the two experimen-
tal elements. Thisway, in al displays, the two experimental elements were
located at the same relative distance from the target while display size
varied from 3 to 12 in steps of three.

The experiment was preceded by a practice series in which the experi-
mental elements from the experimental displays were replaced with green
letters that were Ks, Us, or As so that none of these distractors were
compatible or incompatible with the response.

Apparatus. The apparatus was the same as in the previous
experiments.

Procedure. The procedure was the same as in Experiments 2 and 4.
The session again started with the presentation of a practice series that
consisted of 2 (targets) X 4 (number of green fillers) X 3 (conditions) X
6 (repetitions), to equal 144 trials. The practice series was presented in
three blocks of 48 trials. Three experimental series then followed. Each
series consisted of 2 (targets) X 4 (number of green distractors) X 3
(conditions) X 13 (repetitions), to equal 312 trials. Each series was pre-
sented in four blocks, with brief pauses in between.

Results

Correct responses that took longer than 1,100 ms were treated as
errors. This accounted for 0.16% of the trials. All remaining RTs
for correct responses were used for the calculation of the means for
the compatible, incompatible, and control conditions for each of
the four different display sizes. Figure 5 shows these means and
the corresponding mean numbers of errors.

Mean RTswere analyzed by a4 X 3 ANOVA, with display size
and compatibility as within-participant variables. Only the effect
of compatibility was significant, F(2, 18) = 63.3, p < .01, MSE =
145. The effect of display size showed atrend toward significance,
F(3, 27) = 2.82, p < .10, MSE = 99, but the interaction of these
two variables proved far from significant (p > .40). Newman—
Keuls post hoc tests showed that participants responded slower in
the incompatible condition than in the compatible condition, with
RTs in the control condition in between (all ps < .05). The mean
dlope of the linear fits for the search functions averaged over
conditions was negligible (0.75 ms).

The mean number of errors was analyzed using the same 4 X 3
ANOVA. Only the effect of compatibility proved significant, F(2,
18) = 10.8, p < .01, MSE = 19. Newman—-Keuls post hoc tests
showed that more errors were made in the incompatible condition
than in the other two conditions. Therefore, no speed—accuracy
trade-offs were apparent in the data.

Discussion

The results clearly showed that the effect of the experimental
elements in the display was independent of the total number of
elements in the display. In addition, the experiment provided clear
evidence that search among the green elements was very efficient.
The results rule out the mistake interpretation because clear com-
patibility effects were found for distractors that were not located in
the vicinity of the target. In addition, these compatibility effects

did not decrease with increasing display size. The guess interpre-
tation could not be ruled out completely. Whereas the evidence for
an increase in overal RTs was only weak, we did obtain equal
congruency effects at all display sizes used, as predicted by this
interpretation.

Note that because there was no trace of an interaction between
the variables display size and compatibility, the results strongly
corroborate the conclusions drawn in the discussions of Experi-
ments 2 and 4: Even when search among display elements was
very efficient, and even if only a proportion of those elements was
related to the responses in the experiment, the experimental ele-
ments clearly caused compatibility effects. Therefore, this exper-
iment provided additional evidence that, irrespective of the total
number of display elements, identity information was extracted
from the experimental distractors, contrary to what two-stage
models of visua search predict.

Experiment 6

For now, we continue our search for the cause of the increases
of the congruency effect and the interference effect with increasing
set size as obtained in Experiments 2 and 4. Because the results of
Experiment 5 showed that display size per seis most probably not
related to the size of these compatibility effects, we examined in
Experiment 6 whether these effect sizes were influenced by the
distance between targets and experimenta distractors. This vari-
able is known to influence the size of compatibility effects in
standard flanker tasks (see, e.g., B. A. Eriksen & Eriksen, 1974;
Miller, 1991). In Experiments 2 and 4, the distances between the
target and the distractors were smaller when larger display sizes
were used than when smaller display sizes were used, as aresult of
our presentation technique in which all neighboring elements were
presented equidistant from each other on an imaginary circle. In
Experiment 6, we used a constant display size and again both
experimental distractors and neutra filler elements. We kept the
number of experimental distractors fixed at two and varied their
distance to the target. This manipulation allowed us to obtain a
clearer view of the role of the distance variable in this type of task.

The guess interpretation again predicts that the size of the
compatibility effects should remain constant for the various dis-
tances used because the chance that an experimental distractor
occurs at a fixed random location remains the same with this
manipulation. In contrast, the mistake interpretation predicts de-
creasing compatibility effects with increasing distances. In addi-
tion, to uphold the core assumption of this interpretation (i.e., that
attention was directed to the general area of the target), it predicts
that at some not-too-far-away distance from the target the com-
patibility effects should vanish.

Method

Participants.  Nine students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.

Materials. The characteristics of the display were the same as in the
previous experiments. However, display size was always nine. To build a
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conditions of Experiment 5 for each number of filler elements.

particular display, a target element (either ared N or ared T) was placed
at a random position on an imaginary circle. Eight filler elements (green
Ss) were located in such a way that the distances between neighboring
elements were equal . Finally, two experimental elements (green Ns, Ts, or
Cs) replaced two filler elements, separated from the target by zero, one,
two, or three filler elements. This way, in al displays, two experimental
elements were present, but they varied in their location relative to the
target.

The experiment was preceded by a practice series in which the experi-
mental elements from the experimental displays were replaced with green
letters that were Ks, Us, or As so that none of these distractors were
compatible or incompatible with the response.

Apparatus. The apparatus was the same as in the previous
experiments.

Procedure. The procedure was the same asin Experiments 2, 4, and 5.
The session again started with the presentation of a practice series that



68 STARREVELD, THEEUWES, AND MORTIER

consisted of 2 (targets) X 4 (distance of experimental green distractors) X
3 (conditions) X 6 (repetitions), equal to 144 trials. The practice series was
presented in two blocks. Then three experimental series followed. Each
series consisted of 2 (targets) X 4 (distance of experimental green distrac-
tors) X 3 (conditions) X 13 (repetitions), equal to 312 trials. Each series
was presented in four blocks, with brief pauses in between.

Results

Correct responses that took longer than 1,100 ms were treated as
errors. This accounted for 0.05% of the trials. All remaining RTs
for correct responses were used for the calculation of the meansfor
the compatible, incompatible, and control conditions for each of
the four different relative distances of the experimental distractor
elements to the target. Figure 6 shows these means and the corre-
sponding mean numbers of errors.

Mean RTswere analyzed by a4 X 3 ANOVA, with the relative
distance of the experimental green elements and compatibility as
within-participant variables.

The effect of compatibility was significant, F(2, 16) = 116.2,
p < .01, MSE = 100. Participants responded slower in the incom-
patible condition than in the compatible condition, with RTsin the
control condition in between. The effect of relative distance was
aso significant, F(3, 24) = 4.6, p < .05, MSE = 86. Finaly, the
interaction of these two variables proved significant, F(6, 48) =
4.8, p < .01, MSE = 91. Inspection of Figure 6 shows that this
interaction was due to a decrease in RTs for the incompatible
condition with increasing relative distance. An analysis of simple
effects at the largest relative distance revealed that the effect of
compatibility was still significant at this distance, F(2, 16) = 11.7,
p < .01, MSE = 99. Newman—Keuls post hoc tests revealed that
even at this relative distance, all conditions differed from each
other.

In an additional analysis, we examined only the compatible and
the control conditions, to evaluate whether the facilitation effect
differed for different relative distances. A 4 X 2 ANOVA was
performed on the means for these conditions, with the relative
distance of the experimental green elements and compatibility as
within-participant variables. Only the effect of compatibility was
significant, F(1, 8) = 68.1, p < .01, MSE = 31. A clear facilitation
effect (mean of 11 ms) was obtained for all relative distances used.

The mean number of errors was analyzed using the same 4 X 3
ANOVA. The effect of compatibility was significant, F(2, 16) =
50.5, p < .01, MSE = 10. The effect of relative distance was also
significant, F(3, 24) = 7.2, p < .01, MSE = 4. Findly, the
interaction of these two variables proved significant, F(6, 48) =
3.1, p < .05, MSE = 8. Inspection of Figure 6 shows that the error
pattern closely resembles the RT pattern. Therefore, no speed—
accuracy trade-offs were apparent in the data.

Discussion

The results clearly showed that with an increase in distance to
the target, the RTs of theincompatible conditions decreased. These
results rule out the guess interpretation because the congruency
effects did not remain constant with increasing distance. In addi-
tion, the results are also incompatible with the mistake interpreta-
tion. Although the interference effect decreased with increasing
distance, as predicted, the facilitation effect did not decline. In

addition, there remained clear congruency effects for the larger
distances, which were not predicted.

Note that because the RTs in both the control condition and the
compatible condition remained more or less stable at all relative
distances used, the relative distance to the target seemsto affect the
interference of incompatible elements in a different way than the
facilitation of compatible elements. It may aso be the case that
there was afloor effect on the RTs of the compatible condition that
constrained the size of the facilitation effect.

As mentioned earlier, in Experiments 2 and 4 we obtained an
increase in RTs for the incompatible condition with an increasing
number of green distractors. In those experiments, an increase in
the number of green distractors was always accompanied by a
decrease in relative distance between the target and the distractors.
The results of Experiment 6 showed that the distance variable is
clearly related to the size of the compatibility effect.

Experiment 7

In Experiment 5 we varied the number of filler elements and
obtained results that ruled out the mistake interpretation. In Ex-
periment 6 we varied the distance of the experimental distractorsto
the target and obtained results that ruled out the guess interpreta-
tion. In the next experiment, we varied the number of experimental
distractors, but again used a fixed display size. This alowed us to
obtain a clearer view of the role of the number of experimental
distractors. Because Experiment 6 showed that the relative dis-
tance of the experimental elements to the target is an important
variable governing the size of the incompatibility effect, we always
presented two experimental elements neighboring the target. We
varied the number of compatible and incompatible distractors, by
replacing filler elements with various numbers of experimental
elements. The guess interpretation predicts that the size of the
compatibility effects should increase with increasing number of
experimental distractors, because the chance that an experimental
distractor occurs at a fixed random location increases with this
manipulation. In contrast, the mistake interpretation now predicts
equal compatibility effects with an increasing number of experi-
mental distractors because there are always two experimental
distractors in the vicinity of the target.

Method

Participants.  Nine students from the Vrije Universiteit took part in the
experiment. All had normal or corrected-to-normal vision and no reported
color blindness. Participants were paid about $5 for their cooperation.

Materials. The characteristics of the display were the same as in the
previous experiments. However, display size was aways 13. To build a
particular display, a target element (either ared N or ared T) was placed
at arandom position on an imaginary circle. Twelve filler elements (green
Ss) were located in such a way that the distances between neighboring
elements were equal. Finaly, 2, 4, 6, 8, 10, or 12 experimental elements
(green Ns, Ts, or Cs) replaced a corresponding number of filler elements,
in such away that the first two were neighbors of the target, the next two
were neighbors of the first two, and so on. This way, in al displays, two
experimental elements were located at neighboring locations of the target.

The experiment was preceded by a practice series in which the experi-
mental elements from the experimental displays were replaced with green
letters that were Ks, Us, or As so that none of these distractors were
compatible or incompatible with the response.
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Apparatus. The apparatus was the same as in the previous
experiments.

Procedure. The procedure was the same asin Experiments 2, 4, 5, and
6. The session again started with the presentation of a practice series that
consisted of 2 (targets) X 6 (number of experimental green distractors) X
3 (conditions) X 4 (repetitions), to equal 144 trials. The practice series was
presented in two blocks. Three experimental series then followed. Each
series consisted of 2 (targets) X 6 (number of experimental green distrac-

tors) X 3 (conditions) X 9 (repetitions), to equal 324 trials. Each serieswas
presented in four blocks, with brief pauses in between.

Results

Correct responses that took longer than 1,100 ms were treated as
errors. This accounted for 0.19% of the trials. All remaining RTs
for correct responses were used for the calculation of the means for
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the compatible, incompetible, and control conditions for each of the
six different numbers of experimenta distractor elements. Figure 7
shows these means and the corresponding mean numbers of errors.
Mean RTswere analyzed by a6 X 3 ANOVA, with the number
of experimental green elements and compatibility as within-
participant variables. Only the effect of compatibility was signif-
icant, F(2, 14) = 155.6, p < .01, MSE = 305. Newman—Keuls post

hoc tests showed that all conditions differed from each other;
participants responded slower in the incompatible condition than
in the compatible condition, with RTs in the control condition in
between (all ps < .01).

The mean number of errors was analyzed using the same 6 X 3
ANOVA. Only the effect of compatibility proved significant, F(2,
14) = 215, p < .01, MSE = 55. Newman—Keuls post hoc tests
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showed that more errors were made in the incompatible condition
than in the other two conditions.

Discussion

The results clearly showed that the effect of the number of
experimental distractorsin the display did not influence the size of
the compatibility effects when there were always two experimental
distractors neighboring the target. This is again strong evidence
against the guess hypothesis. The mistake hypothesisis compatible
with these results but was already discarded earlier.

The results of Experiments 5, 6, and 7 taken together allow us
to conclude that the increases in RTs of the incompatible condition
with increasing numbers of distractors obtained in Experiments 2
and 4 were not caused by the occasiona identification of a dis-
tractor element before the target was found. The increase must
most likely be attributed to the fact that in these experiments the
distance of the closest distractor to the target decreased with
increasing set size. In addition, the results of these experiments
showed that the obtained compatibility effects could not be ac-
counted for by either the guess interpretation or the mistake
interpretation.

Identification of distractors after identification of the target.
According to the posttarget-processing interpretation, a distractor
might influence the RT to the target when it is identified after the
identification of the target has taken place but before response
selection has finished. This interpretation might account for all
compatibility effects obtained while it still adheres to the princi-
ples of two-stage theories of visual search (i.e., only one item is
identified at a time). Although such an interpretation was not part
of the original two-stage theories of visua search (e.g., Treisman
& Gelade, 1980; Wolfe, 1994), a similar idea was recently put
forward by Wolfe et al. (2000). These authors presented an as-
sembly line analogy to visual processing. They proposed that
during visual processing one selected item could enter a visual
processing assembly line, say, every 50 ms. In that way, athough
items entered the assembly line one by one, several items could be
worked on by various visual processes at the same time. The
amount of 50 ms was taken to reflect the time it took visua
attention to select an item for further processing. According to this
proposal, search slopes indicate the rates that items can move
through the system, or, put in other words, the rate at which the
line can be fed with new items. This assembly line analogy thus
illustrates how a distractor element might be processed after the
target has been selected. The idea that a distractor element might
have entered the assembly line after the target was tested in the
next experiment, simply by preventing the distractors from enter-
ing the line.

To prevent the distractors from entering the assembly line after
the target has entered it, we presented the distractors for a very
short time and then masked them. Pilot work showed that if
distractors were presented for only 33 ms, they were able to cause
clear compatibility effects in a feature-search paradigm (see Ex-
periment 2). Such a feature-search task, however, has the disad-
vantage of not knowing exactly how much time it took for the
target element to enter the assembly line. If thistook, for example,
50 ms,? then distractors should not have been able to enter the
assembly line after the target, and clear evidence against this idea
would have been found. However, if the target entered the assem-

bly linein say 20 ms, then another 13 ms would have been left for
a distractor element to enter the line. Therefore these results,
athough indicative, were not conclusive. To be sure that distrac-
tors did not enter the line, we needed accurate estimates of the
mean time it took until the target element had entered the assembly
line. Fortunately, these estimates can be obtained by using the
conjunction-search paradigm of Experiment 1, in which partici-
pants had to search for atarget in a specified color among a subset
of elements from the same color. For each target-color subset, the
estimate is simply the slope for the search function among the
target-colored elements multiplied by the number of elements in
the subset.

Experiment 8

In the present experiment, the paradigm used was a variant of
the one used in Experiment 3. We again presented the target-color
subset for the full 200 ms, but now presented the different-color
experimental distractors that were compatible, incompatible, or
neutral for only 33 ms. The different-color experimental distractors
were then masked to block access to their representationsin iconic
memory. As stated previously, this paradigm alowed us to esti-
mate the mean target search time. Prediction of the posttarget-
processing interpretation is clear: With increasing mean target
search time, the experimental distractors are less and less likely to
have entered the assembly line after the target, so compatibility
effects should decrease quickly. In contrast, if al elements in the
display are processed in parallel, masking them should not make
much of a difference (although a certain minimum exposure du-
ration to identify the elements is, of course, necessary). To make
sure that the specific color in which the target-color subset was
presented did not cause the results, half of the participants searched
a red subset, and the other half searched a green subset.

Method

Participants.  Eight participants from the Vrije Universiteit took part in
the experiment. All had normal or corrected-to-norma vision and no
reported color blindness. They were unaware of the purpose of the exper-
iment. They were paid about $5 for their cooperation.

Materials and apparatus. The apparatus was the same as in Experi-
ment 1. The displays had the same properties as in Experiment 3, with the
following changes.

The target letter was either a capital N or a capital T. There were two
types of distractors: target-color elements (i.e., distractors with the same
color as the target) and different-color distractors (i.e., distractors with a
different color as the target). The target-color elements were randomly
chosen from the set A, B, E, G, H, K, R, S U, Z, and the number of these
elements was 1, 2, 4, or 6. The different-color distractors could be com-
patible, incompatible, or neutral with respect to the target. They could be

2 An estimate of 50 ms seems reasonable, given the fact that in Exper-
iments 1 and 3 we obtained search slopes for search among the target-color
subsets of about 25 ms per item. Thus, when two elements are added to the
display, mean RT to find the target increases by twice the slope (i.e., 50
ms). However, on average, only one of these two elements needs to be
searched in order to find the target because, on average, the target is found
after considering half of the items of the target-color subset. It follows that
the processing time necessary to select a single element equals twice the
slope of the search function.
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small letter ts, ns, or cs, and the number of these distractors was 2, 4, or 6.
Numbers of target-color elements and different-color distractors were
factorially combined to yield 12 different display constitutions ranging
from 4 display elements (2 different-color distractors, 1 target-color ele-
ment and 1 target) to 13 display elements (6 different-color distractors, 6
target-color elements, and 1 target). Half of the participants were presented
with a red target-color subset (and green different-color distractors),
whereas the other half were presented with a green target-color subset (and
red different-color distractors).

Procedure.  Participants began each trial by fixating on a central fixa-
tion dot. After 700 ms, the search display was presented on a black
background. After 33 ms, only the different-color distractors were replaced
by amask of the same color (a# sign). The resulting display remained on
the screen for another 167 ms.

Half of the participants pressed the Z key when the target was an N and
the slash key when the target was a T. For the other half of the participants,
the response mapping was reversed. Each participant received 144 practice
trials, followed by 20 experimental blocks. Each block comprised 72 trials.
There was atotal of 1,440 experimental trials consisting of 2 (targets) X 4
(same-color elements) X 3 (different-color distractors) X 3 (conditions) X
20 (repetitions).

Results

RTs from incorrect response trials and correct responses longer
than 1,100 ms were excluded from the analysis. This accounted for
7.3% and 1.0% of the data, respectively. Figure 8 shows the means
for the compatible and incompatible conditions for each number of
target-color elements (within a graph) and for each number of
different-color distractors (between graphs) as well as the corre-
sponding mean numbers of errors.

A 3 X 4 X 3 ANOVA was performed, with the number of
different-color distractors, the number of target-color elements,
and compatibility as within-participant variables. The effect of the
number of target-color elements was significant, F(3, 21) = 106.7,
p < .01, MSE = 1,393. The effect of the number of different-color
distractors was also significant, F(2, 14) = 8.3, p < .05, MSE =
474. The effect of compatibility was significant, F(2, 14) = 20.6,
p < .01, MSE = 375. The mean size of the congruency effect was
17.3 ms. Newman—Keuls post hoc analyses showed that partici-
pants responded slower in the incompatible condition than in both
the compatible condition and the control condition (both ps < .01).
The compatible and control conditions did not differ from each
other. Finally, the interaction between the number of different-
color distractors and compatibility approached significance, F(4,
28) = 2.4, p < .10, MSE = 363.

As in Experiment 1, we calculated the slopes for the partici-
pants' search functions for search among the target-color elements
and the different-color distractors. For the target-color elements,
the average slope of the linear fits was 20.4 ms per item. For the
different-color distractors, the average slope of the linear fits was
3.0 ms per item. The average slope of the linear fits for only the
incompatible condition for these different-color distractors was
6.0 ms.

The same ANOVA as was performed on the RT data was
performed on the number of errors. There was only an effect of the
number of target-color elements, F(3, 21) = 13.1, p < .01, MSE =
114.8. Therefore, no speed—accuracy trade-offs were apparent in
the data.

Discussion

The results of the present experiment replicated those of Exper-
iment 3. The mean slope of the search function for the number of
different-color distractors was only 3.0 ms. This small number is
generaly taken to reflect that the corresponding elements were
only processed preattentively (e.g., Cave & Wolfe, 1990; Duncan
& Humphreys, 1989; Enns & Rensink, 1990; Treisman & Gormi-
can, 1988). Also, the slope for the search function among the
target-color elements was 20.4 ms. This finding is generaly inter-
preted as showing inefficient serial search (e.g., Horowitz &
Wolfe, 1998). In addition, clear compatibility effects were ob-
tained in all relevant cells of the design.

The most important findings of the experiment were that (a) the
compatibility effects were obtained with an exposure duration of
the different-color distractors of only 33 ms and (b) the size of the
compatibility effect did not differ for the various levels of the
target-color set sizes, as was apparent from the nonsignificant
interaction between the number of target-color elements and com-
patibility. Because the search slope for the subset of target-color
elements was 20.4 ms per item, it can be estimated that, for
example, the mean time to find a target in a search set of seven
would have been about 143 ms. At that point in time, the green
distractors were long replaced by masks, so it would be impossible
for them to enter the visua processing assembly line. Therefore,
the posttarget-processing interpretation can be ruled out to explain
the obtained compatibility effects. In contrast, the results are fully
compatible with the assumption that all elements of the display
were processed in parallel.

General Discussion

In the first four experiments, we showed that increases in the
number of green distractor elements caused negligible increasesin
RTsto find the target. Nevertheless, these distractors caused clear
compatibility effects: When the green elements had the same
identity as the target letter, responses were faster than when the
green elements had the identity of the other potential target. In
Experiment 1, we used a variant of the classic conjunction search
task. In this variant, participants looked for ared target among red
and green distractors. In the experiment, participants were able to
successfully limit their searchesto the target-color subset. Still, we
obtained a clear effect of the compatibility of the green elements.
In Experiment 2, we showed that in a variant of a feature search
task, participants were able to find one red target among green
distractors quickly and efficiently. Again, the identities of the
green distractors caused clear compatibility effects.

In Experiments 1 and 2, the red target and the green distractors
were identical in form (all were capital letters). If in these exper-
iments selection of the target element was in any way guided by
form-based templates, then the green distractors might have influ-
enced target processing because they also matched these templates.
However, Experiments 3, 4, and 8 replicated the findings of
Experiments 1 and 2 using the same red capital letter targets but
green distractors that consisted of small letters. These results
dismiss an explanation of the obtained compatibility effects in
terms of form-based templates.

Experiments 4 to 6 showed that an interpretation in which it is
assumed that occasionally a distractor item was identified before
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the identification of the target cannot account for the results. In
these experiments, we also showed that in the visua search ex-
periments used here, the relative distance of the experimental
distractor elements to the target is of crucial importance in deter-
mining the size of the compatibility effect, not their number.
Finally, Experiment 8 showed that a very brief presentation dura-
tion of the experimental distractors (33 ms) still sufficed to pro-
duce reliable compatibility effects.

Compatibility Effects and Models of Visual Search

Can two-stage theories (feature integration theory: Treisman &
Gelade, 1980; revised feature integration theory: Treisman, 1999;
Treisman & Sato, 1990; and guided search: Wolfe, 1994; Wolfe et
a., 1989) explain the compatibility effects induced by our exper-
imental distractors? In theintroduction we argued that according to
two-stage models of visual search, visual attention is necessary in
order to compute the identity of a display element when this
identity is based on a conjunction of basic features (like colors,
curvatures, and orientations). Treisman (1999), for example, ar-
gued that “attention is needed to bind features together, and that
without attention, the only information recorded is the presence of
separate parts and properties’ (pp. 107-108). As a logical neces-
sity, the occurrence of compatibility effects implies that the iden-
tity of the distractors was computed. Therefore, two-stage models
of visual search make the strong prediction that without visual
attention being deployed to them, distractors cannot cause com-
patibility effects.

The question then becomes whether in our present experiments
attention was deployed to the distractors. Generally, search slopes
smaller than 10 ms per display element are interpreted as indica-
tive of parallel search among those elements; that is, it is assumed
that visual attention was not deployed to these elements (e.g., Cave
& Wolfe, 1990; Duncan & Humphreys, 1989; Enns & Rensink,
1990; Treisman & Gormican, 1988; Wolfe et a., 1989). In our
experiments, the search slopes for the green distractors were all
well below 10 ms. For example, in Experiment 1, the mean search
slope for search among the green distractors was 5.6 ms. In
addition, the largest slopes obtained in Experiments 2 and 4, for
the incompatible condition, were still very small (4.5 and 3.9 ms,
respectively). Furthermore, the results of Experiments 5, 6, and 7
indicate that these latter slopes should not be attributed to the
variable set size, but to the variable target—distractor distance.
Finally, we obtained essentially flat search functions in the control
and compatible conditions of our experiments. Therefore, in terms
of two-stage models of visual attention, the present results strongly
suggest that in none of our experiments was visua attention
deployed to the green elements.

In addition, we examined two alternative interpretations of our
results in terms of the processing of a distractor element before the
target item was processed. According to the mistake interpretation,
occasionally a distractor element in the general area of the target
might mistakenly have been attended before the target was at-
tended. Experiment 5 showed that when filler items were added to
the display, and these items were located in a region near the
target, there was no decrease in the obtained compatibility effects,
as would be expected according to this hypothesis. In addition,
Experiment 6 showed that when experimental distractor elements
were located far away from the genera area of the target, clear

congruency effects for these large distances remained. These re-
sults cannot be explained by this interpretation.

According to the guess interpretation, participants sometimes
guessed the upcoming location of the target and had aready
focused their attention on that location. If it happened that a
distractor element was presented at that location, it would be
identified and cause the obtained compatibility effects. Experiment
6 provided clear evidence against this view. With only two exper-
imental distractors present in a display that was filled with one
target and a constant number of filler elements, every location in
the visual field has the same chance of containing an experimental
distractor element. Therefore, the guess interpretation clearly pre-
dicts no effect of the distance of the experimental distractors to the
target on the size of the compatibility effect, whereas we obtained
a clear interaction of these variables. In addition, Experiment 7
showed that an increase in the number of experimental distractors
did not lead to a predicted increase in the size of the compatibility
effect. Taken together, both the mistake interpretation and the
guess interpretation can be ruled out by the results of these
experiments.

Finaly, we examined an alternative interpretation of our results
in terms of the processing of a distractor element after the target
item has been found. According to the posttarget-processing hy-
pothesis, a distractor element might be processed after identifica-
tion of the target had started but before response selection had
occurred (see, eg., Wolfe et al., 2000). In Experiment 8, we
showed that this view could be rejected because we obtained clear
compatibility effects in an experiment in which the experimental
distractors were presented very briefly, and, therefore, their ability
to be processed after the processing of the target element was
essentially prohibited.

Asaresult of these analyses, we conclude that two-stage models
of visual search cannot account for the compatibility effects we
obtained. However, if these models are modified to allow that in
the second stage attention is not only deployed to the target but
aso spills over to elements surrounding it, these models can
accommodate for most of the present results because in that case
the identity of the distractors could be computed (for similar
proposals, see, eg., Chastain, Cheal, & Lyon, 1996; Johnston &
Dark, 1986; Schmidt & Dark, 1998). It should be noted though that
in order to explain the occurrence of a congruency effect in
Experiment 6 at the largest distance used (the target at one side of
the circle, two experimental distractors at the opposite side), the
spilling over of attention has to include the complete stimulus as
we presented it. This essentially renders a type of parallel model.

Can parallel models explain our present results? Limited-
capacity parallel models assume that all elementsin the visual field
are compared with a target representation concurrently (e.g.,
McElree & Carrasco, 1999; Murdock, 1971; Rumelhart, 1970;
Shaw & Shaw, 1977; Townsend & Ashby, 1983; see also Miller,
1987; Shiffrin, Diller, & Cohen, 1996). This means that (partial)
information about the identity of the distractors is available in
these models. To explain the effects of compatibility as found in
this study, these models have to assume that the results of the
comparison processes are able to further influence the response
production processes. Confusability models (e.g., Kinchla, 1974;
Palmer et al., 1993) may account for the present resultsin asimilar
vein. Finally, also, the neura network model of Humphreys and
Miller (1993) computes the identity of the distractors. Although,
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at present, the model does not specify what happens with these
identities once they have been computed, it is plausible that the
model might be extended to produce compatibility effects based on
the already computed identities.

However, to explain the distance effects obtained in our exper-
iments, parallel models also have to make the additional assump-
tion that although all elements of the display are processed (in
order to explain the occurrence of a congruency effect in Experi-
ment 6 at the largest distance used), a preferential treatment is
given to the processing of elements in a region around the target,
with the amount of preference decreasing with increasing distance
to the target. Note that the resulting parallel visual search model is
very similar to the modified two-stage model that we derived
earlier in which attention spills over to the complete stimulus. Also
note that distance effects have been reported for the standard
flanker task (e.g., B. A. Eriksen & Eriksen, 1974; Goolkasian &
Tarantino, 1999; Miller 1991). In that domain, severa types of
space-based theories of visua attention have been proposed to
explain these effects along the lines sketched previously (e.g.,
C. W. Eriksen & St. James, 1986; Jonides, 1983; LaBerge, 1983).
Similar theories have also been developed based on the results of
cuing studies (e.g., Downing, 1988; Downing & Pinker, 1985;
Henderson & Macquistan, 1993), dual-task studies (LaBerge &
Brown, 1989), and event-related potential studies (e.g., Mangun &
Hillyard, 1988).

Finally, the present results allow a general conclusion with
respect to the interpretation of flat search slopes in visual search.
In Experiments 2, 4, and 5 (see Figures 2, 4, and 5), our set-size
manipulation produced essentially flat search slopes, especially for
the neutral and compatible conditions. However, because we also
obtained clear facilitation effects (compatible vs. neutral) and
congruency effects (compatible vs. incompatible), we conclude
that although flat search slopes are indicative of efficient search
(this is merely a theory free description of the data; see, eg.,
Wolfe, 1998), such slopes need not be indicative of the successful
preclusion of identity information extraction from distracting
elements.

An Explanation of Compatibility Effects in Visual Search

Many researchers share the idea that response selection pro-
cesses are responsible for the bulk of the compatibility effect in the
standard flanker task (e.g., Cohen & Magen, 1999; Cohen &
Shoup, 1997; B. A. Eriksen & Eriksen, 1974; C. W. Eriksen &
Schultz, 1979; Grice & Gwynne, 1985; Miller, 1991). In addition,
psychophysiological measures obtained with standard flanker
tasks even indicate the activation of the motor cortex associated
with the response based on the identity of the flankers (e.g., Coles,
Gratton, Bashore, Eriksen, & Donchin, 1985; C. W. Eriksen,
Coles, Morris, & O'Hara, 1985; Gratton, Coles, & Donchin, 1992;
Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988; Smid, Mul-
der, & Mulder, 1990).

This idea can easily be generalized to explain our compatibility
effects obtained in visual search tasks. The effects may have come
about as follows: All elements in the visua field were processed
up to alevel in which they were able to activate their associated
response. When these elements were incompatible, they activated
an incorrect response. As a result, response competition arose

between the response activated by the target and the response
activated by the distractors. The resolution of the response com-
petition caused the increase in RT for the incompatible distractors
relative to the compatible and control distractors. Neutral distrac-
tors did not activate a response, so no response competition arose
in the neutral condition. Finally, compatible distractors provided
additional activation of the correct response to the target, facili-
tating responding as compared with the neutral distractors.

Note that in order to activate their associated response, the
identities of the distractors should have been computed.® Also note
that the classic feature search and conjunction search results that
inspired the development of two-stage theories of visual search are
not in conflict with this view. The classic results were obtained in
situations in which neutral distractors were used, so response
competition was most probably minimal in these experiments.

Finally, we discuss the role of the variable perceptual load on
the size of the obtained compatibility effects.

Compatibility Effects and Perceptual Load

Using a variant of the classic Stroop task (Stroop, 1935), Kah-
neman and Chajczyk (1983) showed that with increasing percep-
tual load, the effect of color words on naming the color of a color
patch decreased. Lavie (1995) addressed this issue with respect to
the flanker task and argued that compatibility effects should de-
crease with increasing perceptual load. She argued that compati-
bility effects arise whenever the visual processing load necessary
to detect a target did not deplete attentional resources. In such
cases, leftover resources spill over to the processing of irrelevant
display elements, whose processing might then produce compati-
bility effects in flankerlike tasks. However, in situations charac-
terized by a high visual processing load, no compatibility effects
should be obtained. Lavie reported results that were compatible
with this view. However, in the experiments reported by Lavie, the
manipulations used to increase perceptual load also increased the
mean RT to the targets. It could well be that because of this
increase in target processing time, the possible interfering influ-
ence of adistractor element had already ceased to exist by thetime
the response to the target element was selected (see also Miller,
1991). The results of the present Experiments 2, 4, and 5 showed
that increase of perceptual load did not affect RT much. Therefore,
the present results seem to provide a fairer test of Lavie's clams.

In Experiments 2 and 4, perceptua load increased from pro-
cessing 3 elements to processing 13 elements. This increase in
perceptual load did not lead to a decrease in the congruency effects
obtained. In contrast, the congruency effects increased by increas-
ing perceptual load. As argued previously, this increase was most

2 We think it is highly unlikely that the obtained compatibility effects
were directly based upon featural information. If this were the case, then
the effects obtained with small-letter distractors should have been much
smaller than the effects obtained with capital-letter distractors because of
the very small featural overlap of the small letters with the corresponding
capital letters. However, our results showed that the congruency effects
obtained with small letters and capital letters were the same size (mean
congruency effects were 29 ms in Experiment 3 and 29 ms in Experiment
1, respectively; 45 ms in Experiment 4 and 44 ms in Experiment 2,
respectively).
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probably due to a decrease of distance between the target and the
distractors with increasing display size. The results of Experiment
5 do not suffer from this confound. As in Experiments 2 and 4, in
Experiment 5 we increased the perceptual load from processing 3
display elements to processing 13 elements. However, in this
experiment the increase in display size was accomplished by
adding filler elements not associated to aresponse. The increasein
perceptual load caused by the adding of the filler elements pro-
duced no corresponding increases of the RTsto detect atarget. The
results further showed no effect of the increase of perceptual load
on the size of the compatibility effects, as was apparent from the
lack of an interaction between the variables display size and
compatibility. These results do not seem compatible with Lavie's
(1995) reasoning.

In addition, in Experiments 1, 3, and 8 we increased the display
size by increasing both the number of possible target elements (the
target-color elements) and the number of different-color elements.
Increasing the number of target-color elements had the additional
consequence of increasing the difficulty of the task. The resulting
increase in perceptual load produced marked increases of the RTs
to detect the target (about 100 ms, 80 ms, and 103 ms from
smallest display sizes to largest display sizesin Experiments 1, 3,
and 8, respectively). However, aso in these experiments, increas-
ing perceptual load failed to influence the size of the obtained
compatibility effects, as was apparent from the lack of second-
order interactions between the variables' number of target-color
elements and compatibility and the variables' number of different-
color elements and compatibility, as well as the lack of a third-
order interaction between the variables' number of target-color
elements, number of different-color elements, and compatibility.
Again, these results are not compatible with Lavie’ s (1995) results.

What might have caused these differences in results? One char-
acteristic of Lavie's (1995) and Lavie and Cox’s (1997) experi-
ments was that distractors appeared at locations at which targets
were never displayed. However, in the present experiments, dis-
tractors were displayed at locations at which targets could also be
displayed. This variable might play a crucial role, and further
research is needed to explore it.

Conclusions

In conclusion, the present experiments showed that flat search
slopes obtained in visua search experiments need not be indicative
of avisua attention mechanism that is able to selectively exclude
processing of irrelevant elements in the display. In contrast, the
results showed that during straightforward visual search tasks,
irrelevant distractor elements among which search was efficient
clearly influenced the response selection process. These results are
incompatible with two-stage theories of visual search (e.g., Trels-
man, 1999; Treisman & Gelade, 1980; Treisman & Sato, 1990;
Wolfe, 1994; Wolfe et al., 1989; see also Wolfe et a., 2000).

References

Anstis, S. M. (1974). A chart demonstrating variations in acuity with
retinal position. Vision Research, 14, 589-592.

Broadbent, D. E. (1958). Perception and communication. London: Perga-
mon Press.

Cave, K. R., & Wolfe, J. M. (1990). Modeling the role of parallel process-
ing in visual search. Cognitive Psychology, 22, 225-271.

Chastain, G., Cheal, M., & Lyon, D. R. (1996). Attention and nontarget
effectsin the location cuing paradigm. Perception & Psychophysics, 58,
300-309.

Cohen, A., & Magen, H. (1999). Intra- and cross-dimensional visual search
for single feature targets. Perception & Psychophysics, 61, 291-307.
Cohen, A., & Shoup, R. (1997). Perceptua dimensiona constraints in

response selection processes. Cognitive Psychology, 32, 128—-181.

Coles, M. G. H., Gratton, G., Bashore, T. R., Eriksen, C. W., & Donchin,
E. (1985). A psychophysiological investigation of the continuous flow
model of human information processing. Journal of Experimental Psy-
chology: Human Perception and Performance, 11, 529-553.

Downing, C. J. (1988). Expectancy and visual—spatial attention: Effects on
perceptual quality. Journal of Experimental Psychology: Human Per-
ception and Performance, 14, 188—202.

Downing, C. J, & Pinker, S. (1985). The spatial structure of visua
attention. In M. |. Posner & O. S. M. Marin (Eds.), Attention and
performance XI: Mechanisms of attention (pp. 171-187). Hillsdale, NJ:
Erlbaum.

Driver, J,, & Tipper, S. P. (1989). On the nonselectivity of “selective”’
seeing: Contrasts between interference and priming in selective atten-
tion. Journal of Experimental Psychology: Human Perception and Per-
formance, 15, 304—314.

Duncan, J. (1979). Divided attention: The whole is more than the sum of
its parts. Journal of Experimental Psychology: Human Perception and
Performance, 5, 216-228.

Duncan, J., & Humphreys, G. W. (1989). Visua search and stimulus
similarity. Psychological Review, 96, 433-458.

Egeth, H. E., Virzi, R. A., & Garbart, H. (1984). Searching for conjunc-
tively defined targets. Journal of Experimental Psychology: Human
Perception and Performance, 10, 32—39.

Enns, J. T., & Rensink, R. A. (1990, February 9). Influence of scene based
properties in visual search. Science, 247, 721-723.

Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise |etters upon the
identification of a target letter in a nonsearch task. Perception & Psy-
chophysics, 16, 143-149.

Eriksen, C. W., Coles, M. G. M., Morris, L. R., & O'Hara, W. P. (1985).
An electromyographic examination of response competition. Bulletin of
the Psychonomic Society, 23, 165-168.

Eriksen, C. W., & Schultz, D. W. (1979). Information processing in visual
search: A continuous flow conception and experimental results. Percep-
tion & Psychophysics, 25, 249-263.

Eriksen, C. W., & St. James, J. D. (1986). Visual attention within and
around the field of focal attention: A zoom lens model. Perception &
Psychophysics, 40, 225-240.

Francolini, C. M., & Egeth, H. E. (1980). On the nonautomaticity of
“automatic” activation: Evidence of selective seeing. Perception &
Psychophysics, 27, 331-342.

Goolkasian, P., & Tarantino, M. (1999). Covert and overt attention and the
processing of cues for location and target identification. Journal of
General Psychology, 126, 235-260.

Gratton, G., Coles, M. G. H., & Donchin, E. (1992). Optimizing the use of
information: Strategic control of activation of responses. Journal of
Experimental Psychology: General, 121, 480-506.

Gratton, G., Coles, M. G. H., Sirevaag, E. J., Eriksen, C. W., & Donchin,
E. (1988). Pre- and poststimulus activation of response channels: A
psychophysiological analysis. Journal of Experimental Psychology: Hu-
man Perception and Performance, 14, 331-344.

Crice, R. G., & Gwynne, J. W. (1985). Tempora characteristics of noise
conditions producing facilitation and interference. Perception & Psy-
chophysics, 37, 495-501.



COMPATIBILITY EFFECTS IN VISUAL SEARCH 77

Henderson, J. M., & Macquistan, A. D. (1993). The spatia distribution of
attention following an exogenous cue. Perception & Psychophysics, 53,
221-230.

Horowitz, T. S., & Wolfe, J. M. (1998, August 6). Visua search has no
memory. Nature, 394, 575-577.

Humphreys, G. W., & Milller, H. J. (1993). SEarch via Recursive Rejection
(SERR): A connectionist model of visual search. Cognitive Psychology,
25, 43-110.

Johnston, W. A., & Dark, V. J. (1986). Selective attention. Annual Review
of Psychology, 37, 43-75.

Jonides, J. (1983). Further toward a model of the mind’s eye's movement.
Bulletin of the Psychonomic Society, 21, 247-250.

Kahneman, D., & Chgjczyk, D. (1983). Tests of the automaticity of
reading: Dilution of Stroop effects by color-irrelevant stimuli. Journal of
Experimental Psychology: Human Perception and Performance, 9, 497—
509.

Kaptein, N. A., Theeuwes, J., & van der Heijden, A. H. C. (1995). Search
for a conjunctively defined target can be selectively limited to a color-
defined subset of elements. Journal of Experimental Psychology: Hu-
man Perception and Performance, 21, 1053-1069.

Keren, G. (1976). Some considerations of two alleged kinds of selective
attention. Journal of Experimental Psychology: General, 105, 349-374.

Kinchla, R. A. (1974). Detecting target elements in multi-element arrays:
A confusability model. Perception & Psychophysics, 15, 149-158.

LaBerge, D. (1983). Spatial extent of attention to letters in words. Journal
of Experimental Psychology: Human Perception and Performance, 9,
371-379.

LaBerge, D., & Brown, V. (1989). Theory of attentional operations in
shape identification. Psychological Review, 96, 101-124.

Lavie, N. (1995). Perceptual load as a necessary condition for selective
attention. Journal of Experimental Psychology: Human Perception and
Performance, 21, 451-468.

Lavie, N., & Cox, S. (1997). On the efficiency of visua selective attention:
Efficient visual search leads to inefficient distractor rejection. Psycho-
logical Science, 8, 395-398.

Mangun, G. R., & Hillyard, S. A. (1988). Spatia gradients of visual-
attention: Behavioral and electrophysiological evidence. Electroen-
cephalography and Clinical Neurophysiology, 70, 417—428.

McElree, B., & Carrasco, M. (1999). The temporal dynamics of visual
search: Evidence for parallel processing in feature and conjunction
searches. Journal of Experimental Psychology: Human Perception and
Performance, 25, 1517-1539.

Miller, J. (1987). Priming is not necessary for selective attention failures:
Semantic effects of unattended, unprimed letters. Perception & Psycho-
physics, 41, 419-434.

Miller, J. (1991). The flanker compatibility effect as a function of visual
angle, attentional focus, visual transients, and perceptual load: A search
for boundary conditions. Perception & Psychophysics, 49, 270-288.

Mueller, H. J., Heller, D., & Ziegler, J. (1995). Visual search for singleton
feature targets within and across feature dimensions. Perception &
Psychophysics, 57, 1-17.

Murdock, B. B., J. (1971). A parallel processing model for scanning.
Perception & Psychophysics, 10, 289-291.

Neisser, U. (1967). Cognitive psychology. New Y ork: Appleton-Century-
Crofts.

Pamer, J., Ames, C. T., & Lindsey, D. T. (1993). Measuring the effect of
attention on simple visua search. Journal of Experimental Psychology:
Human Perception and Performance, 19, 108—130.

Rayner, K., Slowiaczek, M. L., Clifton, C., & Bertera, J. H. (1983).
Latency of sequential eye movements: Implications for reading. Journal
of Experimental Psychology: Human Perception and Performance, 9,
912-922.

Rumelhart, D. E. (1970). A multicomponent theory of the perception of
briefly exposed visual displays. Journal of Mathematical Psychology, 7,
191-218.

Sagi, D., & Julesz, B. (1985). Fast noninertia shifts of attention. Spatial
Vision, 1, 141-149.

Schmidt, P. A., & Dark, V. J. (1998). Attentional processing of “unat-
tended” flankers: Evidence for afailure of selective attention. Perception
& Psychophysics, 60, 227-238.

Schneider, W. (1988). Micro Experimental Laboratory: An integrated
system for IBM-PC compatibles. Behavior Research Methods, Instru-
ments, & Computers, 20, 206—217.

Shaw, M. L., & Shaw, P. (1977). Optimal allocation of cognitive resources
to spatia locations. Journal of Experimental Psychology: Human Per-
ception and Performance, 3, 201-211.

Shiffrin, R. M., Diller, D., & Cohen, A. (1996). Processing visua infor-
mation in an unattended location. In A. F. Kramer, M. G. H. Coles, &
G. D. Logan (Eds), Converging operations in the study of visual
selective attention (pp. 225-245). Washington, DC: American Psycho-
logical Association.

Smid, H. G. O. M., Mulder, G., & Mulder, L. J. M. (1990). Selective
response activation can begin before stimulus recognition is complete: A
psychophysiological and error analysis of continuous flow. Acta Psy-
chologica, 74, 169-201.

Sperling, G., & Weichselgartner, E. (1995). Episodic theory of the dynam-
ics of spatial attention. Psychological Review, 102, 503-532.

Stroop, J. R. (1935). Studies of interference in seria verbal reactions.
Journal of Experimental Psychology, 18, 643—662.

Taylor, D. A. (1977). Time course of context effects. Journal of Experi-
mental Psychology: General, 106, 404—426.

Theeuwes, J. (1996). Perceptual selectivity for color and form: On the
nature of the interference effect. In A. F. Kramer, M. G. H. Coles, &
G. D. Logan (Eds), Converging operations in the study of visual
selective attention (pp. 297-314). Washington, DC: American Psycho-
logical Association.

Theeuwes, J., & Burger, R. (1998). Attentional control during visual
search: The effect of irrelevant singletons. Journal of Experimental
Psychology: Human Perception and Performance, 24, 1342—-1353.

Townsend, J. T. (1972). Some results concerning the identifiability of
parallel and seria processes. British Journal of Mathematical and Sta-
tistical Psychology, 25, 168—199.

Townsend, J. T., & Ashby, F. G. (1983). The stochastic modeling of
elementary psychological processes. New Y ork: Cambridge University
Press.

Treisman, A. (1988). Features and objects: The Fourteenth Bartlett Me-
morial Lecture. Quarterly Journal of Experimental Psychology: Human
Experimental Psychology, 40(A), 201-237.

Treisman, A. (1999). Feature binding, attention and object perception. In
G. W. Humphreys, J. Duncan, & A. Treisman (Eds.), Attention, space,
and action (pp. 91-111). New York: Oxford University Press.

Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of
attention. Cognitive Psychology, 12, 97-136.

Treisman, A., & Gormican, S. (1988). Feature analysis in early vision:
Evidence from search asymmetries. Psychological Review, 95, 15-48.

Treisman, A., & Sato, S. (1990). Conjunction search revisited. Journal of
Experimental Psychology: Human Perception and Performance, 16,
459-478.

Tsal, Y. (1983). Movements of attention across the visual field. Journal of
Experimental Psychology: Human Perception and Performance, 9, 523—
530.

Wolfe, J. M. (1994). Guided search 2.0: A revised model of visua search.
Psychonomic Bulletin & Review, 1, 202-238.



78 STARREVELD, THEEUWES, AND MORTIER

Wolfe, J. M. (1998). Visua search. In H. Pashler (Ed.), Attention (pp. Yantis, S. (1988). On analog movements of visua attention. Perception &

13-73). Hove, England: Psychology Press. Psychophysics, 43, 203—-206.
Wolfe, J. M., & Bennett, S. C. (1997). Preattentive object files: Shapeless Yantis, S., & Johnston, J. C. (1990). On the locus of visual selection:
bundles of basic features. Vision Research, 37, 25-44. Evidence from focused attention tasks. Journal of Experimental Psy-
Wolfe, J. M., Cave, K. R, & Franzel, S. L. (1989). Guided search: An chology: Human Perception and Performance, 16, 135-149.

alternative to the feature integration model for visua search. Journal of
Experimental Psychology: Human Perception and Performance, 15,
419-433.

Wolfe, J. M., Klempen, N., & Dahlen, K. (2000). Postattentive vision. Received February 20, 2002
Journal of Experimental Psychology: Human Perception and Perfor- Revision received June 26, 2003
mance, 26, 693-716. Accepted July 1, 2003 =

Members of Underrepresented Groups:
Reviewers for Journal Manuscripts Wanted

If you are interested in reviewing manuscripts for APA journals, the APA Publications
and Communications Board would like to invite your participation. Manuscript re-
viewers are vital to the publications process. As a reviewer, you would gain valuable
experience in publishing. The P&C Board is particularly interested in encouraging
members of underrepresented groups to participate more in this process.

If you are interested in reviewing manuscripts, please write to Demarie Jackson at the
address below. Please note the following important points:

e To be selected as a reviewer, you must have published articles in peer-reviewed
journals. The experience of publishing provides a reviewer with the basis for
preparing a thorough, objective review.

® To be selected, it is critical to be a regular reader of the five to six empirical jour-
nals that are most central to the area or journal for which you would like to review.
Current knowledge of recently published research provides a reviewer with the
knowledge base to evaluate a new submission within the context of existing re-
search.

e To select the appropriate reviewers for each manuscript, the editor needs detailed
information. Please include with your letter your vita. In your letter, please iden-
tify which APA journal(s) you are interested in, and describe your area of exper-
tise. Be as specific as possible. For example, “social psychology” is not suffi-
cient—you would need to specify “social cognition” or “attitude change” as well.

e Reviewing a manuscript takes time (1-4 hours per manuscript reviewed). If you
are selected to review a manuscript, be prepared to invest the necessary time to
evaluate the manuscript thoroughly.

Write to Demarie Jackson, Journals Office, American Psychological Association, 750
First Street, NE, Washington, DC 20002-4242.




