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Attentional guidance of the eyes by
contextual information and abrupt onsets

MATTHEW S. PETERSON and ARTHUR F. KRAMER
Beckman Institute, University of Illinois at Urbana—Champaign, Urbana, Illinois

Contextual cuing is a memory-based phenomenon in which previously encountered global pattern
information in a display can automatically guide attention to the location of a target (Chun & Jiang,
1998), leading to rapid and accurate responses. What is not clear is how contextual cuing works. By
monitoring eye movements, we investigated the roles that recognition and guidance play in contextual
cuing. Recognition does not appear to occur on every trial and sometimes does not have its effects
until later in the search process. When recognition does occur, attention is guided straight to the target
rather than in the general direction. In Experiment 2, we investigated the interaction between memory-
driven search (contextual cuing) and stimulus-driven attentional capture by abrupt onsets. Contextual
cuing was able to override capture by abrupt onsets. In contrast, onsets had almost no effect on the de-
gree of contextual cuing. These data are discussed in terms of the role of top-down and bottom-up fac-

tors in the guidance of attention in visual search.

Recently, Chun and Jiang (1998; see also Chun & Jiang,
1999) have demonstrated a phenomenon known as con-
textual cuing in which the global patterns of scenes are
able to implicitely! guide attention. Contextual cuing is a
memory-based phenomenon in which the global patterns
must be learned before guidance can occur. In a typical ex-
periment, half of the displays are unique to each trial,
whereas the remaining displays are repeated throughout
the experiment. Several different repeated displays are used.
For the repeated displays, the locations, but not the identi-
ties, of the target and distractors are held constant in each
example. For instance, if the task is to find a left or right
tilted T among rotated Ls, the identity of the target (left or
right tilted T) will vary in each trial of the repeated config-
uration, but the location of the target T will remain constant.

The contextual cuing effect develops rapidly with min-
imal practice, and responses to the repeated configurations
are quicker than responses to the new displays by the sec-
ond block of trials, which is the first instance in which the
displays are repeated. For the most part, subjects are often
unaware that any repetitions have occurred. When an ex-
plicitrecognition test of the displays is performed after the
experimental search trials, subjects who report being con-
sciously aware of the repetitions during the experiment
show identical contextual cuing benefits to those that were
unaware of the repetitions. Chun and Jiang (1998) suggest
that contextual cuing is an example of instance-based
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learning (Logan, 1988), in which encountering a previously
observed situation automatically activates past solutions
and actions. In the example of contextual cuing, the pre-
sentation of a repeated configuration automatically acti-
vates past instances of attentional guidance. That is, the
recognition process that guides attention is automatic and
does not require conscious effort. Results similar to con-
textual cuing have been found by Logan (1998) using a dif-
ferent task. In Logan’s task, subjects were asked to deter-
mine whether a word was from a target category. Subjects’
responded more quickly when the word occurred in the
same spatial location in the testing phase as it had during the
training phase.

Other forms of attentional guidance can occur in the ab-
sence of learning. For example, the occurrence of new ob-
jects in a display, even when such objects are irrelevant to
the task, can capture attention (Yantis & Jonides, 1984,
1990) as well as the eyes (Irwin, Colcombe, Kramer, & Hahn,
2000; Kramer, Hahn, Irwin, & Theeuwes, 1999, 2000;
Theeuwes, Kramer, Hahn, & Irwin, 1998; Theeuwes,
Kramer, Hahn, Irwin, & Zelinksy, 1999). Other aspects of
the environment, such as uniquely colored or moving ob-
jects, can also grab attention, especially when subjects have
an attentional set for these aspects of the environment
(Folk & Remington, 1998, 1999; Folk, Remington, & Johns-
ton, 1992; Yantis & Egeth, 1999). Attentional capture in
these instances appears to be due to discontinuities or the
appearance of new objects in the display, whereas contex-
tual cuing can occur in instances in which there are no unique
local or global patterns that are common from trial to trial. 2

One question that remains unanswered is how contex-
tual cuing guides attention. There would appear to be at least
two important components of contextual cuing: recognition
and guidance. Recognition entails the identification of the
current context of the scene and matching this information
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with previously stored instances of the familiar context.
Guidance entails the use of stored knowledge concerning
scene layout to accurately guide attention to locations in
the scene that are likely to be important. Contextual cuing
does not appear to immediately guide attention to the tar-
get, or at least not on every occasion. Chun and Jiang
(1998, Experiment 4) investigated how contextual cuing
affected search slopes during the course of an experiment.
Although search slopes decreased as subjects gained more
experience with the repeated displays, the search slopes
never reached zero and were still quite steep (approxi-
mately 27 msec/item) at the end of the experiment. This
would appear to rule out the possibility that contextual
cuing always rapidly guides attention directly to a target.
However, other possibilities exist in the role that recogni-
tion and guidance play in the contextual cuing effect.
When recognition occurs, it might be completed before
search has begun, or recognition might be completed later
during the search process. Although Chun and Jiang
(1998, Experiment 5) showed that contextual cuing can
develop rapidly enough to occur even for displays flashed
for 200 msec, this does not preclude the possibility that
sometimes contextual recognition develops more slowly
and has its effects later in the search process. While find-
ing contextual benefits for briefly flashed displays would
suggest that contextual cuing can develop rapidly and that
guidance is highly accurate, it could also be the case that
guidance is accurate on only a small proportion of trials.
In this case, guidance might be imperfect and guide at-
tention in the direction or general vicinity of the target, al-
lowing peripheral vision to identify the target.
Contextual cuing enables search to be more efficient,
and the shallower search slopes Chun and Jiang (1998)
found for the repeated displays would suggest that fewer
items on average were examined to find the target. Unfor-
tunately, since the slopes reflect the average behavior over
the course of the experiment or a block of trials, it is im-
possible to determine through response times the sources
of the steepness of the slopes. That is, several quite dif-
ferent explanations can account for the pattern of response
times observed during contextual cuing. These possibili-
ties include (1) a mixture distribution, in which the response
times are from trials in which recognition guided attention
immediately to the target and trials in which recognition
failed, (2) a spatially imprecise guidance mechanism that
directed attention to the general vicinity of the target, al-
lowing peripheral vision to guide attention to the target and
reduce the number of items searched, and (3) a guidance
mechanism that was highly accurate and a recognition
mechanism that sometimes did not recognize the context
until many of the items had already been searched.
Given that there is considerable evidence that attention
precedes an eye movement (Deubel & Schneider, 1996;
Hoffman & Subramaniam, 1995), using eye movements to
study contextual cuing allows us to determine on each trial
where attention has been (fixation location), the inaccu-
racy of attentional guidance (the angular error of a saccade
and distance of a fixation from the target), and the num-

ber of items that were attended before the target was found
(the number of fixations).

Each of these possible explanations for the steepness of
the search slopes predicts a unique pattern of response
times and eye movements. The simplest hypothesis to test
is whether the pattern of response times is due to a mix-
ture of trials in which recognition fails on a substantial
proportion of trials. In this case, the eyes should fail to go
immediately to the target on a number of trials, and the
first saccade on these trials should show no bias in the di-
rection of the target. That is, trials in which the eyes fail to
go immediately to the target should be indistinguishable
from trials in which a new configuration was presented.
Conversely, if the attentional guidance mechanism is spa-
tially imprecise, then a bias should be apparent in the di-
rection of the first saccade and the distance of the first fix-
ation when the eyes fail to initially land on the target.
Another possibility is that contextual cuing does not al-
ways develop until later during the search process. If it is
possible for recognition to occur (or have its effects) later
during the search process, then repeated configurations
should show a benefit in the manual response times and
the number of fixations even when the eyes did not go im-
mediately to the target.

In the following experiments, we addressed how recog-
nition and guidance produce the contextual cuing effect
by monitoring subjects’ eye movements during the search
process. In Experiment 1, we examined how contextual
cuing affects the trajectory and accuracy of the initial sac-
cade relative to the location of the target and the number
of saccades that must be made until the target is found. In
Experiment 2, we compared the memory-based guidance of
contextual cuing and the stimulus-driven guidance of abrupt
onsets (i.e., new objects) and examined how they interact
to influence scanning behavior during the search process.

The design of Experiments 1 and 2 was adapted from
Chun and Jiang (1998) with several important modifica-
tions. To accomplish our goal of collecting meaningful
scan patterns, we needed to change the displays such that
they would encourage subjects to search serially. To achieve
this end, the stimuli were smaller than those used by Chun
and Jiang (1998) and were designed to encourage fove-
ation. In addition, we used a target and distractor set (ro-
tated Ts and Ls) that has a history of producing serial
searches (Wolfe, Cave, & Franzel, 1989). In Experiment 2,
onsets were created through the use of a premask display.
Premasks marked the locations where all but one of the
items in the display would occur. Therefore, when the
search display was presented, the item without the premask
occurred as a sudden onset. To make Experiments 1 and 2
comparable, we also used the premask displays but did not
include an onset in Experiment 1.

EXPERIMENT 1

Chun and Jiang (1998, Experiment 4) ruled out the pos-
sibility that contextual cuing guides attention immediately
to the target such that it is the first and only item exam-



ined. Although they found that repeated configurations had
a shallower search slope than the new configurations, the
search slopes for the repeated configurations were never
flat, as would be expected if the target was the first and
only item examined. In Experiment 1, we investigated the
nature of the recognition and guidance processes that lead
to contextual cuing. If the recognition process can occur
or be completed after search has begun, then the contex-
tual cuing effect should still be evident even in trials in
which the first saccade failed to land on the target. That is,
relative to responses to the new configurations, responses
to find the target should be quicker and fewer saccades
should be made, even when trials in which the target is im-
mediately found are ruled out.

Another question concerns the accuracy of the atten-
tional guidance mechanism. Contextual cuing might guide
attention directly to the target, or it might be less accurate
and guide attention in the direction or to the vicinity of the
target. If the attentional guidance occurs but is spatially
imprecise, then the angular distance of the first saccade
relative to the target and the distance of the first fixation
from the target should be smaller for the repeated config-
urations then for the new configurations.

Method

Subjects. Eighteen students (6 males and 12 females) from the
University of Illinois were paid to participate in the experiment. The
average age of the subjects was 21.3 years.

Apparatus. A Gateway Pentium 133-MHz computer with a 19-
in. SVGA color monitor running custom software was used to pre-
sent the stimuli, control the timing of the experimental events, and
record the subjects’ response times. Eye movements were recorded
with an Eyelink tracker (SR Research Ltd.) with 250-Hz temporal
resolution and a 0.2° spatial resolution. The system used an infrared
video-based tracking technology to compute the center and size of
the pupils in both eyes. An infrared head motion tracking system
tracked head motion. Even though head motion was measured, in
the present study the head was stabilized by means of a chinrest. The
chinrest was located 53.3 cm from the monitor.

Design. Two variables of interest were combined in a 16 X 2 or-
thogonal design: block and configuration (new or repeated). For pur-
poses of analysis, the 16 blocks were collapsed into four epochs,
with each epoch consisting of data from 4 blocks.

Stimuli. The stimuli consisted of white Ts and Ls approximatel y
0.44° tall and 0.44° wide, drawn on a black background. There were
11 distractors and 1 target always present in the display. Targets con-
sisted of 90° and 270° rotated T's with their stems pointing to the right
or to the left. Distractors were normal or mirror-imaged Ls rotated
0°,90°, 180°, or 270°, and premasks were formed from the line seg-
ments of every possible target and distractor. An example of a pre-
mask display is shown in the top panel of Figure 1, and an example
of a stimulus display is shown in the bottom panel.

Displays were generated by randomly placing items on an imagi-
nary 12 X 12 grid, with the constraint that no items could occur in
the central four locations near the fixation cross. The width and the
height of the grid were 32°, and the minimum distance between any
two stimuli was 2.7°. Twelve repeated configurations were randomly
generated for each subject, and a single example of each configura-
tion occurred in each block.

Procedure. Each trial began with the presentation of a fixation
cross. The subjects pressed the space bar to begin the trial while fix-
ating the cross, and the trial continued only if the subject was fixat-
ing within 2.5°. After the space bar had been pressed, the premask
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display was presented for 1,000 msec and was then replaced by the
search display. Stimuli in the search display were formed by remov-
ing line segments from the premasks, and, at the same time, portions
of the central fixation cross were removed and signaled to the sub-
jects that they could begin their search. If the subjects moved their
eyes from the fixation cross before it had changed (i.e., during the
premask display), a tone sounded and the trial was aborted. The sub-

jects pressed the “z” or “/” keys to identify whether the target pres-

ent was aleft- or right-rotated T. Response keys were counterbalance d
across subjects.

Atthe end of the experiment, the subjects performed a recognition
task. The recognition task consisted of 12 new and 12 repeated display s
of premask placeholders, and the subjects were asked “How certain
are you that you’ve seen this display before?” and were asked to rate
each display on a 5-point scale, with 1 = 100% certain and 5 = never
seen the display.

The subjects served in a single 1-h session consisting of 16 blocks
of 24 trials, for a total of 384 trials.

Results

All repeated-measures analyses of variance (ANOVAs)
and contrasts were tested using Greenhouse—Geisser cor-
rected p values, and unless otherwise stated, were 2 (new or
repeated configuration) X 4 (epoch) repeated-measures
designs. For each subject, manual responses times greater
than twice the mean for each cell in each block were con-
sidered outliers and were excluded from analysis.

Manual responses. Manual response times are shown
in Figure 2. As noted previously by Chun and Jiang (1998,
1999), response times to repeated configurations were
quicker than those to new configurations [F(1,17) =
127.70, p < .01], and the main effect of epoch shows that
manual responses became quicker as the subjects gained
experience with the task [F(3,51) = 15.81, p <.01]. Con-
figuration and epoch failed to interact. However, a finer
grained analysis comparing the first 4 blocks (the first
epoch) revealed an interaction between block and config-
uration [F(3,51) = 3.00, p < .05]. Like Chun and Jiang
(1999), we found that contextual cuing can develop rapidly
within the first few repetitions.

Eye movements. A fixation was counted as landing on
atarget if it was within 1.3° of the target. The median num-
ber of fixations before the eyes landed on the target can be
seen in Figure 3. Fewer fixations were required for the re-
peated configurations then for the new configurations (M
= 5.1 and 6.3, respectively) [F(1,17) = 121.19, p < .01],
suggesting that fewer items needed to be examined in the
repeated displays before the target was found. The num-
ber of fixations also decreased as a function of epoch
[F(3,53) = 4.21, p < .01]. Configuration failed to interact
with epoch; however, like the response time data, a finer
grained analysis of the first epoch revealed an interaction
between block and configuration [F(3,53) = 3.68, p <
.05]. The median number of fixations in each condition
for each subject was positively correlated with the mean
response times (R = .90) and accounted for 81% of their
variance. On average, each fixation increased manual re-
sponses by 215 msec.

Both the distance of the first fixation [F(1,17) = 7.8, p <
.05] and the angle of the first fixation from the target
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Figure 1. The top panel shows an example of a premask display similar to those
used in Experiments 1 and 2. The stimulus example shown in the bottom panel is from
an onset present trial from Experiment 2. The onset stimulus is the upright L in the
lower right corner of the bottom panel.
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Figure 2. Mean response times across epochs for the repeated and new configura-
tions of Experiment 1. The thin lines on the left of the graph are from the four blocks

of trials that make up the first epoch.

[F(1,17) = 5.63, p < .05] were smaller for the repeated
configurations (Ms = 13.3° visual angle and 81° radially)
than for the new configurations (Ms = 14.3° visual angle
and 84° radially). At first glance, this might appear to sug-
gest that the attentional guidance mechanism is not always
accurate and at times might guide attention to the general
vicinity of the target rather than directly to the target. That
is, although the first saccade on average landed closer to the
target for the repeated configurations, the average distance
was still quite large. However, as can be seen in Figure 4,
the proportions of initial fixations that landed on the tar-
get were greater for the repeated configurations than for the
new configurations (Ms = 11.3% and 7.1%, respectively)
[F(1,17) = 23.1, p < .01], and, when trials in which the eyes
went directly to the target were removed from the analyses,
the distance and angle of the first saccade were no longer
significant (Ms = 14.9° visual angle and 86° radially for
repeated configurations, and Ms = 15.1° visual angle and
87° radially for the new configurations). That is, the trials
in which the eyes landed on the target (within 1.3°) first
accounted for the fixation distance and angle effects. This
suggests that the attentional guidance mechanism is accu-
rate in terms of spatial location, and, when recognition oc-
curs, attention is guided directly to the target.

The number of fixations before the eyes landed on the
target was reanalyzed after removing trials in which the
eyes went directly to the target on the first saccade. If
recognition can take place or be completed after search
has commenced, then the median number of fixations
should be smaller for the repeated configurations than for

the new configurations, even when the trials in which the
eyes first landed on the target are taken into account. Even
with the trials in which the eyes went initially to the target
were removed from the analysis, fewer fixations were re-
quired to find the target in the repeated then in the new
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Figure 3. Number of fixations needed to find the target in Ex-
periment 1 graphed by the type of configuration and epoch.
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Figure 4. The proportions of initial fixations that landed on the
target for the new and repeated configurations of Experiment 1.

configurations (Ms=5.3 and 6.5, respectively) [F(1,17) =
64.5, p < .01].

To look at the effect of experience on the number of
saccades required to find the target, the number of fixa-
tions were analyzed in a three-way repeated-measures
ANOVA with the type of configuration (new or old), num-
ber of fixations needed to find the target on each trial
(1-14 fixations), and block (16 blocks) as factors. The
proportions of fixations for the new and repeated config-
urations are shown in Figure 5. As expected, the type of
configuration present [F(1,17) = 19.3, p < .01] affected
the proportion of fixations, and the proportion of fixations
were not evenly distributed [F(13,221) = 55.60, p < .01].

Of more importance is the fact that the type of configura-
tion and the number of fixations interacted [F(13,221) =
10.0, p < .01], and planned comparisons showed that the
target was more likely to be found within the first three
fixations when a repeated configuration was presented
than when a new configuration was presented [one-tailed
1(221) = 1.80, p < .05].

Recognition test. The subjects were more likely to rate
the repeated configurations as familiar than the new con-
figurations (Ms = 2.79 and 3.47, respectively, with 1 =
100% certain and 5 = never) [t =4.58, p < .01]. The de-
gree of recognition was calculated by subtracting the mean
rating score for the repeated configurations from the mean
rating score of the new configurations for each subject. No
significant correlation was found between the contextual
cuing benefits (repeated — new)/response times) or the pro-
portional cuing benefits [(repeated — new)/repeated re-
sponse times] and the degree of recognition. This suggests
that contextual cuing is an automatic process that does not
require explicit recognition.

Discussion

The results of Experiment 1 show that the recognition
process in contextual cuing is able to occur or be com-
pleted after search has already begun. Fewer fixations
were needed to find the target when the subjects viewed
the repeated configurations even when their eyes failed to
immediately go to the target. When recognition takes
place, the guidance mechanism is able to precisely locate
the target: No bias toward the target was found when the
initial saccade landed elsewhere. Taken as a whole, con-
textual cuing is able to guide attention to the important
areas of a scene—any inaccuracies in the guidance of at-
tention are due to a failure in recognition rather than inac-
curacies in attentional deployment.

Contextual cuing is not the only phenomenon in which
stimulus properties can automatically guide attention.
Abrupt onsets, or visual transients, can automatically guide
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Figure 5. The probability density functions for the number of fixations needed to find the
target for the new and repeated configurations of Experiment 1.



attention to potentially important locations in a scene
(Yantis & Jonides, 1984, 1990; but see Folk et al., 1992) and
can even cause the eyes to move to unintended locations.
Theeuwes et al. (1998) have shown that task-irrelevant
abrupt onsets can capture attention and the eyes even when
the target is the only colored item in the display. In Ex-
periment 2, we examine how the memory-based guidance
of contextual cuing and the stimulus-driven guidance of
abrupt onsets interact and compete to guide attention.

EXPERIMENT 2

Although both contextual cuing and abrupt onsets can
guide attention during visual search, it is not clear how
they are related or how they might interact. One possibil-
ity is that contextual cuing might be able to override cap-
ture by abrupt onsets, leading response times to show a
smaller onset cost and causing fewer initial saccades to be
made to the onset for repeated displays than for new dis-
plays. Indeed, other manipulations, such as shifting atten-
tion to the location of a potential target prior to the appear-
ance of an onset distractor (Theeuwes et al., 1998; Yantis
& Jonides, 1990) and increasing the amount of change in
adisplay (Martin-Emerson & Kramer, 1997; Miller, 1989),
have been shown to reduce capture by abrupt onsets. An-
other possibility is that abrupt onsets might interfere with
contextual cuing, such that when onsets capture attention,
no evidence for contextual cuing is observed after the eyes
go to the onset. This might take place if the occurrence of
the abrupt onset interfered with the association of the dis-
play and the memory representations of the display con-
figuration, leading to a failure of recognition-based atten-
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Figure 6. Mean response times across epochs for new and re-
peated displays when onsets were present and absent in Experi-
ment 2.
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tional guidance. A third possibility is that onsets might in-
terfere with learning of the repeated configurations. This
last possibility would lead to a smaller, or even an absent,
contextual cuing effect, even on trials in which the onset
is not present. Such a possibility would be consistent with
previous reports of reduced evidence of learning in the ab-
sence of attention (Logan, Taylor, & Etherton, 1999).

Experiment 2 was identical to Experiment 1, except that
half of the trials contained an abrupt onset. Each block of
trials contained a nononset and an onset example of each
repeated display.

Method

Subjects. Twenty-one students (7 males and 14 females) from the
University of Illinois were paid to participate. The average age of
the subjects was 21.3 years.

Design. Three variables of interest were combined ina 8 X 2 X 2
orthogonal design: block X configuration (new or repeated) X
onset presence (present or absent). For analysis purposes, the eight
blocks were collapsed into four epochs, with each epoch consisting
of data from two blocks

Stimuli. The stimuli were identical to those used in Experiment 1,
except that the onset trials contained one less premask than the
nononset trials. The onset was the item in the display that had not
been preceded by a premask placeholder. The object that would
serve as the onset was randomly chosen for each trial, with the con-
straint that the onset could never be the target.

Procedure. The procedure was identical to that used in Experi-
ment 1, except that each block consisted of twice as many trials (48)
as had occurred in Experiment 1. Each block contained an onset and
a nononset trial for each repeated configuration, and the order of
trial presentation was randomly determined, with the constraint that
the onset and nononset examples of a configuration never occurred
consecutivel y.

The subjects served in a single 1-h session consisting of eight
blocks of 48 trials, for a total of 384 trials.

Results

Manual responses. Manual response times are shown
in Figure 6. As in Experiment 1, repeated configurations
were responded to more quickly than were new config-
urations (Ms = 1,651 and 1,859 msec, respectively)
[F(1,20) = 116.86, p < .01], and response times de-
creased in later epochs [F(3,60) = 33.38, p < .01]. As can
be seen in Figure 6, response times were slower when on-
sets were present (Ms = 1722 and 1788 msec) [F(1,20) =
11.91, p < .01]. More importantly, onset presence and
configuration interacted [F(1,20) = 4.66, p < .05], and
contrasts revealed that onsets affected response times only
when the subjects viewed new configurations [F(1,20) =
13.9, p < .01, for new configurations; F < 1, for repeated
configurations], suggesting that contextual cuing is able
to override capture of attention by abrupt onsets. Like Ex-
periment 1, the interaction between epoch and configura-
tion failed to reach significance. However, unlike Experi-
ment 1, a finer grained analysis of the first few blocks
failed to find an interaction between block and configura-
tion [F(1,20) = 1.27, p>.10, B = .821], possibly because
the first instances of some of the repeated configurations
contained onsets. Another possibility is that because the
onset and nononset versions of a configuration were
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Figure 7. The number of fixations needed to find the target
across epochs for new and repeated displays when onsets were
present and absent in Experiment 2.

placed randomly within a block, the first instance of a
nononset (or onset) version of a repeated configuration
could be either the first time or the second time that that
configuration was encountered within a block of trials.
Combined with rapid contextual learning (see Experi-
ment 1), this made detecting a block X configuration in-
teraction less likely than in Experiment 1.

Eye movements. The median number of fixations until
the eye landed on the target can be seen in Figure 7. As in
the Experiment 1, fewer fixations were required to find
the target in the repeated displays than in the new displays
(Ms = 5.8 and 6.8, respectively) [F(1,20) = 77.80 p <
.01], and fewer fixations were required to find the target
as the number of epochs increased [F(3,60) = 9.93, p <
.01]. Like the mean response times, onset presence in-
creased the number of fixations (Ms = 6.17 and 6.44, for
repeated and new configurations, respectively) [F(1,20) =
6.10, p < .05]. Unlike the response time data, configura-
tion and onset presence failed to interact.

The median distance of the first fixation from the tar-
get and from the onset were analyzed to determine whether
onset presence affected the first saccade. To determine
whether onset presence affected the distance and angle of
the first fixation from the onset, a boot-strapping tech-
nique was used for the nononset trials in which a random
distractor was picked as the nononset equivalent of the
onset. Unlike Experiment 1, no significant effects were
found for the distance of the first fixation from the target.
However, the eyes landed closer to the onset when the sub-
jects viewed new configurations than when they viewed
repeated configuration (Ms = 13.5° and 14.3°, respec-
tively) [F(1,20) = 10.16, p < .01], suggesting that contex-
tual cuing was able to partially override capture by onsets.

The proportion of first fixations that landed on the tar-
get tells a different story. Unlike the distance effects, the
type of configuration affected the first saccade, with the
first fixation more likely to land on the target when the
subjects viewed a repeated configuration than when they
viewed a new configuration (Ms = .095 and .064, respec-
tively) [F(1,20) = 16.16, p < .01]. As can be seen in Fig-
ure 8, the first fixation was more likely to land on the tar-
get at later epochs [F(3,60) = 3.74, p < .05].

The evidence that contextual cuing can override onsets
continues to be seen in the proportion of initial fixations
that landed on the onset. In the analysis, we used the same
boot-strapping technique as that used for the distance
data. The eyes were less likely to land initially on the onset
or its nononset equivalent when the subjects viewed re-
peated configurations than when they viewed new con-
figurations (Ms = .058 and .071, respectively) [F(1,20) =
4.75, p < .05]. A planned comparison of the effects of the
type of configuration on onset present trials also showed
a decrease in the number of initial saccades that went to
the onset when the subjects viewed repeated configura-
tions relative to when they viewed new configurations
(Ms = .077 and .094, respectively) [F(1,20) = 5.28, p <
.05]. In addition, the eyes were more likely to land on an
onset when it was present than on the nononset equivalent
(Ms = .085 and .046, respectively) [F(1,20) = 10.51,p<
.01].

One question that arises is, When an onset captures at-
tention, does it disrupt contextual cuing altogether, or is
contextual cuing able to recover after the first misfixation
to the onset? To test this, we analyzed only the trials in
which the eyes went directly to the onset. Since capture by
onsets was a relatively rare event (5.8% for the repeated
configurations), the data were collapsed across the differ-

0.25
5 —&— repeated non-onset
g’ —%— repeated onset
° 02 L ——&— new non-onset
- ~—&—— new onset
5
v
§ 015}
T
X
2 o1}
.E
©
c
8 005 |
0
o
g
o
0 1 | 1 1
0 1 2 3 4 5
Epoch

Figure 8. The proportions of initial fixations that landed on the
target in Experiment 2.



ent blocks of trials. Both the distance of the second fixa-
tion from the target and the proportion of second fixations
that landed on the target following a fixation to the onset
were analyzed. The type of configuration had no effect on
the distance of the second fixation from the target. However,
even when the eyes went initially to the onset, fewer addi-
tional fixations were needed to find the target in the repeated
configurations than in the new configuration (Ms = 5.9
and 6.7, respectively) [#(20) = 5.86, p < .01]. As in Ex-
periment 1, contextual cuing was still able to occur after
the search had begun.

To take a more detailed look at the contextual learning
process, we analyzed the distribution of the number of fix-
ations needed to find the target using a four-way ANOVA,
with block (8), configuration (repeated or new), fixations
until the target was found (1-12), and onset presence as
factors. As in Experiment 1, fixations were not evenly dis-
tributed [F(11,209) = 19.82, p <.01], and the type of con-
figuration affected the distribution of fixations [F(1,19) =
12.77, p < .01]. As can be seen in Figure 9, the number
of fixations and the type of configuration interacted
[F(11,209) = 2.515, p < .01], with fewer fixations re-
quired to find the target when the subjects viewed re-
peated configurations. Unlike Experiment 1, block and
fixation interacted [F(77,1463) =1.53, p <.01]. It can be
clearly seen in Figure 10 that fewer fixations were needed
to find the target as the subjects became more experienced
with the task.

Recognition test. Data from 3 subjects were lost be-
cause of a computer error. As in Experiment 1, the sub-
jects were more likely to rate the repeated configurations
as familiar than they were to rate the new configurations
as familiar (Ms = 2.78 and 3.61, respectively, with 1 =
100% certain and 5 = never) [t(17) = 4.28, p < .01]. As
in Experiment 1, no significant correlation was found be-
tween the contextual cuing benefits (repeated — new re-
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sponse times for nononset trials) or the proportional cuing
benefits [(repeated — new)/repeated response times for
nononset trials] and the degree of recognition.

Discussion

The results of Experiment 2 suggest that contextual
cuing is able to override capture by abrupt onsets. Abrupt
onsets slowed response times only when the subjects viewed
new configurations and were less effective at increasing
the number of fixations when the subjects viewed repeated
displays. In addition, the initial fixation was less likely to
land on the onset when the subjects viewed a repeated
configuration. In contrast, onsets had almost no effect on
contextual cuing. Onsets did increase the number of fixa-
tions needed to find the target equally for both types of
configurations, but onsets did not affect the probability
that the first fixation would land on the target and only af-
fected response times when the subjects viewed new con-
figurations. In addition, contextual cuing was still able to
occur even when the eyes went initially to the onset.

Taken as a whole, the influence of contextual cuing on
attentional capture by onsets suggests that contextual
cuing has a higher priority or is otherwise able to lock out
attentional capture by onsets. However, it must be kept in
mind that contextual cuing had up to a 1-sec head start
over the onsets in Experiment 2. That is, our use of pre-
masks that shared the same arrangement as the eventual
stimulus display might have allowed contextual cuing to
take hold even before the stimuli and the onset were pre-
sented.

One way to explain how contextual cuing can override
onsets without giving contextual cuing a special status is
to use a horse-race analogy to explain the process by which
contextual cuing or abrupt onsets gain control of attention.
If the first mechanism to gain control of attention is able
to keep other mechanisms from gaining access, then the
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Figure 9. The probability density functions for the number of fixations needed to find the
target for the new and repeated displays of Experiment 2.
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Figure 10. The probability density functions for the number of fixations needed to find the
target for Blocks 1 and 2 and Blocks 7 and 8 of Experiment 2. As the subjects gained expe-
rience with the task, fewer fixations were needed to find the target.

first mechanism to win the race will win the exclusive
rights of attentional control. Given that contextual infor-
mation was present in our displays before the appearance
of the onset, contextual cuing should have been more
likely to win the horse race, although the different pre-
sentation times of contextual information and abrupt on-
sets make it difficult to determine the speeds at which
contextual cuing and onset capture occur.

The horse-race analogy can also neatly explain why
contextual cuing was able to occur even after the eyes ini-
tially went to the onset. If the mechanism that responds to
onsets sends out a transient signal, whereas contextual
cuing sends out a continuous signal (i.e., due to the acti-
vation of memory representations of the repeated config-
urations), then contextual cuing would still be able to
guide attention after the onset mechanism has guided the
eyes to the onset.

GENERAL DISCUSSION

Contextual cuing is a phenomenon in which the recog-
nition of global configurations (Chun & Jiang, 1998) or
movements (Chun & Jiang, 1999) guides attention to a
probable location of interest. What has not been clear is
how contextual cuing operates. Contextual cuing appears
to be an automatic process that does not require explicit
recognition of patterns that have occurred previously: The
subjects who had reported being aware of repeated patterns
showed magnitudes of contextual cuing similar to those
reported by the subjects who had not (Experiments 1 and 2;
Chun & Jiang, 1998). This lack of a benefit for explicit
recognition would suggest that contextual cuing occurs
rapidly before conscious recognition can help in guidance.

Although contextual cuing develops rather quickly, the
behavioral data have been less clear about the speed at

which contextual cuing occurs. For example, Chun and
Jiang (1998) found that search through repeated displays
averaged around 27 msec/item by the end of an experi-
mental session. Clearly, contextual cuing does not always
guide attention immediately to the target. This leaves open
several possibilities as to the nature of the cuing impreci-
sion. Part of the failure could be due to an imperfect recog-
nition process, such that recognition does not occur on
every trial or is completed after search has begun. Another
possibility is that the guidance mechanism is imprecise,
and, even if recognition is perfect, the guidance mecha-
nism might guide attention in the general direction of the
target rather than straight to the target location.

We addressed these questions in Experiment 1 by mon-
itoring the subjects’ search patterns through the use of an
eye tracker. One important difference between our method-
ology and that used by Chun and Jiang (1998) is that our
displays were preceded by premasks arranged identically
to the stimuli that appeared later in the stimulus display.
Conceivably, this could have allowed contextual recogni-
tion to take place even before the stimuli had appeared.
Even with this advantage, contextual recognition was far
less than perfect, and the eyes went immediately to the tar-
get on only 11.3% of the trials. This looks less impressive
when one takes into account that the target was the first
item examined on 7.1% of the new configuration trials yet
was still greater than the chance probability that the eyes
initially landed on the target (8.33%).

However, recognition is not all or none, and the behav-
ioral cuing benefits do not rest solely on the small numbers
of trials in which the target was the first item examined. Re-
peated displays still showed a benefit over the new displays
even when the eyes did not go immediately to the target.

In contrast to the imperfect recognition, guidance was
always accurate.3 When the eyes did not immediately go



to the target, the first fixation was no closer to the target
when the subjects viewed the repeated displays than when
they viewed the new displays. That is, when recognition
occurred, the eyes were guided directly to the target; oth-
erwise, the eyes went to another item in the display, with
no bias toward the target.

A picture of contextual cuing emerges in which guid-
ance is highly accurate but in which recognition occurs in-
frequently and sometimes does not occur until later in the
search process. To get a better idea of how contextual cuing
works, in Experiment 2 we contrasted contextual cuing’s
memory-based guidance with stimulus-driven attentional
capture by abrupt onsets. Contextual cuing was able to over-
ride capture by onsets, but this does not necessarily mean
that contextual cuing is a special form of guidance with a
higher priority than onsets.

Rather, the interaction between contextual cuing (i.e.,
new and repeated configurations) and abrupt onsets (i.e.,
presence and absence of abrupt onsets) during the search
process can be explained by a horse-race model in which
the first mechanism to take control of the guidance mech-
anism is able to control attention. Contextual cuing could
still occur later in the search process, even in instances in
which the eyes went initially to the onset; this suggests
that, after the onset capture mechanism was finished guid-
ing attention to the onset, contextual cuing was then able
to take control.
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NOTES

1. Although some of Chun and Jiang’s (1998) subjects reported being
aware that some of the displays had been repeated, no difference was
found between their performance and the performance of subjects that
were unaware of the repetitions.

2. Although there are global patterns that are common to the repeated
configurations, in an experiment with 12 repeated and 12 unique con-
figurations, an instance of repeated global patterns occurs on only
0.042% of the trials.

3. It could be argued that recognition was always accurate and it was
guidance that was imperfect; however, if this was the case, then a bias
should have been found in the distance of the first fixation from the tar-
get when the eyes did not first land on the target. In addition, the fact that
contextual cuing benefits can still be found when the eyes did not im-
mediately go to the target suggests that it is recognition, rather than guid-
ance, that is imperfect.

(Manuscript received March 1, 2000;
revision accepted for publication January 23, 2001.)


http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0010-0285^28^2936L.28[aid=311607]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0956-7976^28^2910L.360[aid=311658]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2924L.847[aid=311635]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2961L.727[aid=1465533]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2918L.1030[aid=298108]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2957L.787[aid=218080]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0042-6989^28^2940L.1443[aid=1465535]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0882-7974^28^2914L.135[aid=1465537]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0956-7976^28^2911L.210[aid=1465538]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0033-295X^28^2995L.492[aid=19369]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2924L.1720[aid=1799256]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0340-0727^28^2962L.165[aid=1799257]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2959L.739[aid=1110367]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2945L.567[aid=1183714]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0956-7976^28^299L.379[aid=968903]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2925L.1595[aid=1182920]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2915L.419[aid=297122]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2925L.661[aid=880519]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2910L.601[aid=298288]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2916L.121[aid=212723]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0010-0285^28^2936L.28[aid=311607]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0956-7976^28^2910L.360[aid=311658]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2924L.847[aid=311635]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2918L.1030[aid=298108]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2957L.787[aid=218080]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2924L.1720[aid=1799256]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0340-0727^28^2962L.165[aid=1799257]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5117^28^2959L.739[aid=1110367]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2925L.1595[aid=1182920]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2915L.419[aid=297122]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2925L.661[aid=880519]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2910L.601[aid=298288]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2916L.121[aid=212723]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2918L.1030[aid=298108]
http://lucia.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-1523^28^2915L.419[aid=297122]

