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When one briefly views a scene, one gets the qualitative
impression that all of the information from that scene is
encoded intomemory (Henderson& Hollingworth,1999b).
However, recent research has shown that very little infor-
mation from the scene is actually coded into working
memory (Carlson-Radvansky& Irwin, 1995; Irwin & An-
drews, 1996;Rensink,O’Regan,& Clark, 1997,2000).Be-
cause of this lack of complete coding, changes to scenes
are sometimesvery difficult to detect.For example,Rensink
et al. (1997) demonstrateda phenomenonknown as change
blindness, in which participants, when shown alternating
versions of a scene interspersed with blank intervals (the
flicker paradigm), failed to quickly detect large changes
(e.g., changes in an object’s color or position) between
the two versions of the scene. Others have shown that
changes across cuts in a movie (Levin & Simons, 1997),
changes that occur across saccades (Carlson-Radvansky
& Irwin, 1995; Henderson & Hollingworth, 1999b; Irwin
& Andrews, 1996), and changes in exemplar-level objects
learned on the basic level (Archambault, O’Donnell, &
Schynes, 1999) also induce change blindness (see Hen-
derson & Hollingworth, 1999a, and Rensink, 2000, for re-
cent reviews).

Several mechanisms have been proposed to explain why
changes in scenes are often difficult to detect. For exam-

ple, Henderson and Hollingworth (1999b)argue that when
people visually scan scenes, a memory representation is
formed around the local region of the scene that is cur-
rently in foveal vision. Detecting a change involves main-
taining gaze at the region of change or directing one’s eyes
toward the region of change prior to the change taking
place, encoding that region in memory, and then redirect-
ing the eyes back to that same region after the change has
taken place. Similarly, Rensink (2000) has proposed that
focused attentionstabilizes the input from the currently at-
tended region of a scene long enough for a change to be
detected. Thus, without attention, change detection is un-
likely.

Both views posit that when viewing a scene, a detailed
representationis formed onlyof the local region of the scene
on which one is currently focusing attention.However, lit-
tle is currently known about the nature of this representa-
tion and what type of information people extract from the
representation in order to be able to detect changes.

Coding Position in Scene Perception
A scene can be thought of as consisting of two funda-

mental typesof visual elements: a set of objectsand the spa-
tial positions of these objects. Although numerous studies
have investigated what type of information people extract
from objects in the context of a scene (see Henderson &
Hollingworth, 1999a, for a review), relatively few studies
have investigatedhow the positionsof objects are coded in
scene perception.

There are a number of possible ways in which the posi-
tions of objects in a scene might be coded. One possibil-
ity, suggested by the literature on object recognition (e.g.,
Biederman, 1987; Hummel & Biederman, 1992;Hummel
& Stankiewicz, 1996), is that the positions of objects in a
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scene might be coded relative to other objects in the scene
using the broad categorical descriptors above, below, and
side of. According to this view, the picture frame in Fig-
ure 1 might be coded as simply being above the couch,
whereas the end table might be coded as being to the side
of the couch. Although many possible types of categori-
cal relations might be coded between the objects in a
scene (e.g., in front of or behind), coding above, below,
and side of would allow the representation to become in-
variant to many types of changes in an observer’s view-
point. For example, if a viewer were to approach the couch
in Figure 1, the picture frame would still be above the
couch, allowing for an easy match in memory between the
original view of the scene and the new view of the scene.

Several authors have suggested that categorical rela-
tions may play a role in individualobject recognition (e.g.,
Biederman, 1987; Cooper & Wojan, 2000; Hummel &
Biederman, 1992; Hummel & Stankiewicz, 1996; Hum-
phreys & Riddoch, 1995; Rosielle & Cooper, 2001), and
it is possible that categorical relations may play a role in
scene perception as well. However, many have argued that
spatial relations within an individualobject may be coded
differently than spatial relations between multiple objects
in a scene (Epstein & Kanwisher, 1998; Humphreys &
Riddoch, 1994, 1995; Saiki & Hummel, 1998a, 1998b),
but the exact differences between within-object coding of
spatial relations and between-object coding of spatial re-
lations have yet to be specified (but see Simons & Wang,
1998; Wang & Simons, 1999).

In contrast to categorical coding, it is possible that only
the exact metric positions (e.g., specified in retinal coor-
dinates) of the objects in a scene may be coded in mem-
ory (see, e.g., Bülthoff & Edelman, 1992; Tarr & Pinker,
1990, 1991; Ullman, 1989, 1996). According to this view,
the picture frame in Figure 1 might be coded as being 3
units above and 4 units to the right of a point on the retina.
Coding position only metrically may be advantageous for
such tasks as navigating througha scene, but whether such
a precise representation is generally useful for the pur-
poses of everyday vision is an open question and a subject
of some debate in the literature (see Biederman & Ger-
hardstein, 1995; Tarr & Bülthoff, 1995).

It is important to note that categorical coding and met-
ric coding are not mutually exclusive. In fact, some mod-
els of object recognition posit that both categorical infor-
mation and metric information are coded in visual object
perception (e.g., Hummel & Stankiewicz, 1998), and it
seems possible that both may be coded in scene perception
as well. Thus, the purpose of the experiments reported
here was to test whether categorical relations are being
coded in scene perception (regardless of whether metric
codingoccurs) or whether no categorical coding occurs in
scene perception at all (and only metric coding occurs).

EXPERIMENT 1

In Experiment 1, the changeblindnessphenomenonwas
used to examine whether the positionsof objects in a scene

Figure 1. An example of a scene. If above, below, and side of are being coded in scene perception, then the picture
frame might, for example, simply be coded as being above the couch.
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are coded categoricallyor exclusivelymetrically. The ques-
tion was, what types of changes in the positions of objects
in a scene do people find relatively difficult and relatively
easy to detect? In Experiment 1, we assessed whether peo-
ple are more sensitive to changes in the categorical rela-
tions above, below, or side of among the objects in a scene
than to equivalent changes in only the metric relations
among the objects in a scene. A version of Rensink et al.’s
(1997) flicker paradigm was used in which alternating
versions of a scene were presented. Between the two ver-
sions, one of the objects changed its categorical relation-
ship to the closest other object in the scene (e.g., went
from above an object to side of an object), changed only
its metric relations to the closest object in the scene (e.g.,
alternated between two locationsboth above an object), or
appeared and disappeared (Figure 2). The participants’
task was to press a button when they detected the object
that was changing and to report the identity of that object
to the experimenter.

If the categorical relations above, below, and side of are
coded in scene perception, then participants should be
faster at detecting a change in the position of an object in
a scene that disrupts its categorical relationship to the
closest object in a scene (categorical change condition)
than at detecting a change that disrupts only its metric re-

lationship (metric change condition). This advantage for
detecting categorical changes should occur even though
the absolute distance the object moves is equal in both
cases. If, however, only metric coding is used in scene per-
ception, then both the metric changes and the categorical
changes should be detected equally fast.

The presence/absence scenes were included in Experi-
ment 1 as an anchor. Rensink et al. (1997) found that pres-
ence/absence changes were detected more quickly than
were location changes (when the target object was not of
great semantic importance to the scene). Thus, we thought
it likely that if no difference in detection time was found
between categorical changes and metric changes, then a
difference certainly would be found between the position
changes and the presence/absence change.

Method
Participants. The participants were 60 college students. All par-

ticipants reported normal or corrected-to-normal vision. They re-
ceived course extra credit for participation.

Apparatus. Stimuli were presented on a 17-in. Apple color mon-
itor with a resolution of 832 3 624 pixels and a vertical refresh rate
of 75 Hz. Stimuli were 15 realistic color scenes (designated stan-
dard scenes) of real-world environments created with 3-D graphics
software. The number of objects (excluding background objects,
such as walls and floors) in each scene ranged from 5 to 22, with a

Figure 2. Illustration of the conditions and stimuli used in Experiment 1. On each trial, the participants viewed one of the standard
scenes alternating with either the categorical changed version of the scene, the metric changed version of the scene, or the pres-
ence/absence version of the scene. In the book shelf scene (top row), the object that changes is the bottle on the top shelf in the stan-
dard scene. In the office scene (middle row), the object that changes is the calculator on the desk by the notepad. In the studio scene
(bottom row), the object that changes is the star on the wall above the right-hand corner of the window. The original stimuli were in
color.

Conditions
Standard Scene Categorical Change Metric Change Presence /Absence
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mean of 13. At the distance viewed by the participants in the exper-
iments, each scene subtended 9.3º horizontal 3 6.3º vertical of vi-
sual angle. The participants responded using a two-button response
box attached to a National Instruments NB-DIO-24 board that gave
±0.5-msec response time (RT) accuracy.

We created three versions of each standard scene by selecting one
of the objects in each of the standard scenes and changing its posi-
tion in one of three ways (Figure 2). In the presence/absence scenes,
the object was simply deleted from the scene. In the categorical
changed scenes, the object moved such that its categorical relation-
ship to the closest object changed (e.g., went from above the closest
object to the side of the closest object). In the metric changed scenes,
the same object moved so that it did not change its categorical rela-
tionship to the closest object in the scene. For all position changes,
the “closest object” excluded objects upon which the target object
rested, such as the shelf in Figure 2, and excluded background ob-
jects such as walls, floor, and sky. Importantly, the distance moved
by the object in the categorical changed version of a scene, and the
metric changed scene version of a scene was identical. The object
moved between 0.4º and 1.3º of visual angle, with a mean of 1.0º. In
addition, objects moved only in the picture plane (and never in
depth) so that the size of the object remained constant across posi-
tion changes. None of the position changes involved moving an ob-
ject behind or in front of another object, and none of the position
changes produced unnatural arrangements of objects. For example,
objects were not suspended in midair, and objects were not moved
into unusual positions (e.g., a picture frame hanging on a wall was
not moved to a position on a wall below an electrical outlet). Finally,
care was taken so that both the metric change and the categorical
change either did not disrupt the symmetry of a particular scene or
did disrupt symmetry.

In each of the three versions of a scene, only one object was
moved or deleted, and the same object was moved or deleted in each
of the three versions. Thus, in a particular scene, the changed object
was the same across all three conditions. The only difference was the
type of change.

Also used in Experiment 1 was a mask. The mask was of the same
dimensions as the scene stimuli (9.3º horizontal 3 6.3º vertical of
visual angle) and was composed of a random collection of object
parts.

Procedure. The participants saw a fixation cue for 480 msec, fol-
lowed by the standard version of a scene for 160 msec, followed by
a mask for 160 msec, followed by one of the three altered versions
of the standard scene for 160 msec, followed by the mask for 160 msec.
The sequence of standard, mask, altered scene, mask repeated until

the participant made a response or 40 repetitions had elapsed. The
participants’ responses were timed from initial presentation of the
altered version of the scene (the second scene in the trial sequence).

The participant’s task was to find the object that was changing be-
tween the two versions of the scene and to press the left button on a
two-button response box when the change was detected (the right
button on the response box was never used). The participant was re-
quired to immediately report the identity of the object (or describe
the object if the participant was unsure of the object’s identity). If the
participant named an incorrect object or did not respond before the
trial sequence terminated, then an error was counted.

Each of the 15 standard scenes was viewed by a participant once
during the 15 experimental trials. On one third of the trials, the stan-
dard scene alternated with the categorical changed version of the
scene (categorical change condition). On one third of the trials, the
standard scene alternated with the metric changed version of the
scene (metric change condition). On the remaining third of the tri-
als, the standard scene alternated with the presence/absence version
of the scene (presence/absence condition). The order of trials was
random. Each alternative version of a scene (categorical, metric,
or presence/absence) appeared equally often over the course of the
experiment.

Prior to the experiment, each participant was read a standard set
of directions. The participants were told in the directions that ob-
jects would either change location or appear and disappear but were
not informed as to the specific types of location changes (i.e., cate-
gorical and metric) that would occur. The participants also com-
pleted one practice trial on which no data were collected. The scene
used in the practice trial did not appear in any of the experimental
trials, and each participant viewed the same practice trial scene. The
practice scene involved a presence/absence change.

Results and Discussion
Mean RTs are shown in Figure 3. Mean error percent-

age was 1.4% for the categorical change condition, 3.3%
for the metric changecondition,and 1.3% for the presence/
absence condition.

An alpha level of .05 was used for all analyses. A one-
way within-participants analysis of variance (ANOVA)
conducted on the RT data, with type of change (categori-
cal vs. metric vs. presence/absence) as the single indepen-
dent variable, showed a reliable effect [F(2,58) 5 3.9,
MSe 5 10,218,797,p , .02]. Post hoc tests using the least

Figure 3. Mean response times for each condition in Experiment 1. Error bars
represent the standard error of the mean (Loftus & Loftus, 1988).
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significant difference (LSD) method indicated that the
metric change condition produced reliably slower RTs
than did the categorical change condition and the pres-
ence/absence condition (LSD = 1,167 msec). No other
pairwise comparisons were statistically reliable.

The participantsfound it more difficult to detect a change
in the position of an object that did not disrupt its cate-
gorical relationship to the closest object in the scene than
to detect an equal change to the same object that did dis-
rupt its categorical relationship to the closest object in the
scene. The results of Experiment 1 provide evidence that
the categorical relationsabove, below, and side of are being
coded in scene perception. In fact, the participants found
it just as easy to detect categorical changes as they did to
detect presence/absence changes.These results argue that
categorical relations do play a role in coding the positions
of objects in scenes.

In some of the scenes (e.g., the studio scene in Fig-
ure 2), the categorical changes appear to leave a region of
empty space around the original location of the target ob-
ject, whereas the metric changes do not appear to leave
this region of empty space. A reviewer raised the possi-
bility that the participants treated these categorical scenes
like presence/absence scenes and thus were able to re-
spond to the categorical version more quickly than to the
metric version (leading to the categorical advantage).

Can a larger versus smaller region of empty space ac-
count for the results of Experiment 1? In order to test this
hypothesis, an analysis of the entire stimulus set was con-
ducted. The amount of empty space in a scene was mea-
sured as the mean distance from the target object to all the
other objects in the scene (with object being defined using
the same criteria outlined in the Method section). Thus, if
a categorical change does leave this large area of open
space, the categorical target object’s location should be
relatively close to other objects in the scene (because the
objects in the scene should be clustered together, produc-
ing the region of empty space) compared with the metric
object’s location relative to other objects.

The amount of empty space was measured for the cat-
egorical and metric versions of each scene. Using this
method of computing empty space, it was found that some
of the categorical position changes produced a larger re-
gion of empty space than did the corresponding metric
change (9 of the 15 scenes) and some of the categorical
positionchangesproduceda smaller region of empty space
than did the corresponding metric change (6 of the 15
scenes).

If larger versus smaller regions of empty space were re-
sponsible for the results of Experiment 1, then the cate-
gorical advantage should be greater for scenes in which
the categorical change produced more empty space (rela-
tive to the metric version) than for the scenes in which the
categorical change produced less empty space (relative to
the metric version). A between-participants t test showed
that this was not the case: There was no difference in the
categorical advantage for scenes in which the categorical

change produced a larger region of empty space and
scenes in which the categorical change produced a smaller
region of empty space [t(13) 5 .07, SE 5 1,045, n.s.].
Thus, we found no evidence that larger versus smaller re-
gions of empty space were responsible for the results of
Experiment 1.

EXPERIMENT 2

The results of Experiment 1 demonstrated that changes
that disrupt categorical relations are easier to detect than
are equivalent changes that do not disrupt categorical re-
lations. There are, however, at least two possible views of
why this advantage to categorical changes in scene per-
ception might occur. In both views, categorical changes
are detectedmore quickly than are noncategoricalchanges
because the two alternate versions of the scene that differ
in their categorical relations would activatedifferent mem-
ory representationsof the scene.The views differ in whether
the memory representations are preattentionally or atten-
tionally produced and accessed. In a preattentional view,
categorical changes might lead to the memory represen-
tations being compared unconsciously, leading to uncon-
sciousdetectionof the change.The unconsciouslydetected
change would then direct attention to the location of the
change, enabling conscious detection and overt reporting
of the change. Thus, categorical relations might be coded
and accessed preattentively and draw attention to the lo-
cation of change when these relations are disrupted. In this
view, categorical changes would result in a quicker allo-
cation of attention to the location of the change than when
only metric changes occur. An attentional view, in con-
trast, would posit that categorical relations might be coded
and accessed only when spatial attention is focused on a
local region of a scene. Thus, categorical changeswould be
detectedonly when spatial attentionhas already been allo-
cated to the location of the change.

Some researchers have proposed that attentional pro-
cessing is necessary for encodingcategorical relations be-
tween parts of an object (Stankiewicz,Hummel, & Cooper,
1998) and between multiple abstract objects (i.e., dashes
and plus signs; see Logan,1994).However, attentionmight
not be required to encode the categorical relations be-
tween objects in a meaningful, contextual scene. There is
evidence that participants can quickly determine the gist
of a scene (e.g., Biederman, 1981), as well as report iden-
titiesof objects in a scene even when the scene is processed
under conditionsof inattention(Mack & Rock,1998).Fur-
thermore, participants quickly fixate the location of ob-
jects that do not fit into the overall meaning of a scene (the
“octopus in a barnyard” effect of Loftus & Mackworth,
1978). If the spatial relations between objects are part of
the gist of a scene, it is possible that they are processed in
a preattentional manner. Indeed, Rensink’s (2000) coher-
ence model of scene perception is ambivalent about the
role of attention in the processing of spatial relations. Ac-
cording to the model, the coding of spatial layout (which
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presumably would include the categorical relations be-
tween the objects in a scene) is held in a nonattentional
memory store.

To determine whether categorical relations in scene
perception are computed preattentionallyor attentionally,
a 100% valid, central cue indicating the general spatial lo-
cation of the object that would change was used in half of
all trials in Experiment 2. In the attention literature, valid
central cues result in quicker detection of targets, presum-
ably because participants focus attention on the cued lo-
cation (e.g., Jonides, 1981). Thus, on cued trials, attention
should have been drawn to the location of the change. If
categorical relations are encoded preattentionally and
changes in categorical relations direct attention to the loca-
tion of the change, directing attention to the location of the
changewith a cue (for both categorical and metric changes)
should reduce the categorical advantage. That is, if the
categorical advantage works by directing attention, di-
recting attention in some other manner should reduce the
advantage. If, however, categorical relations are encoded
only after attention has been allocated to the location of
the scene in which the change occurs, directing attention
to the location of the change with a cue should have no ef-
fect on the categorical advantage.Providing the cue should
have a main effect of decreasing the amount of time to de-
tect the change for both categorical and metric change
conditions. But if categorical relations are only encoded
after attention is moved to a region of space, there should
be no effect of the cue on the difference between categor-
ical and metric change conditions. Thus, a preattentional
view would predict an interaction between cue condition
(cued or not cued) and type of change (metric or categor-
ical), with a reduced effect of typeof changewhen the scene
is preceded by a cue. An attentional view would only pre-
dict main effects of cue condition and type of change.

Method
The participants were 80 students from the same subject pool as

Experiment 1. The same 15 scenes from Experiment 1 were used,
plus an additional scene that was not used in Experiment 1. Only
categorical and metric changed scenes were used (i.e., the pres-
ence/absence condition was not included). On half of the 16 trials
(4 categorical change trials and 4 metric change trials), the initial
presentation of the standard scene was preceded by a 1,920-msec
presentation of a 100% valid cue that indicated the quadrant of
the scene in which the changing object would appear. The cue con-
sisted of a black screen with one quadrant in white. The partici-
pants were instructed that the white portion of the cue always indi-
cated the area of the scene in which the change would occur. Each
scene appeared in each condition an equal number of times over
participants.

Prior to the experiment, each participant was read a standard set
of directions and completed one practice trial on which no data were
collected. The scene used in the practice trial did not appear on any
of the experimental trials, and each participant viewed the same
practice trial scene. The practice scene involved a cued, metric
change. All other aspects of Experiment 2 were identical to those of
Experiment 1.

Results and Discussion
The results can be seen in Figure 4. A within-participants

factorial ANOVA was conductedon the RT data, with cue
condition (cue or no cue) and type of change (categorical
or metric) as independentvariables. A reliable main effect
was found for cue condition [F(1,316) 5 162.25, MSe =
8,209,919,p , .001], with faster RTs when the scene was
preceded by a cue than when it was not. In addition, a re-
liablemain effect was found for typeof change [F(1,316) 5
10.67, MSe 5 8,209,919, p , .005], with categorical
changes leading to faster RTs than metric changes. The
cue condition 3 type of change interaction, however, was
not reliable (F , 1).

Experiment 2 replicated the pattern from Experiment 1,
suggesting that categorical relations are coded in scene

Figure 4. Mean response times for each condition in Experiment 2. Error bars
represent the standard error of the mean.
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perception. Categorical changes were more easily de-
tected than were metric changes. The size of the categor-
ical advantage was not as great as it was in Experiment 1.
This reduction in the size of the categorical advantage
suggests that the magnitude of the advantage is sensitive
to the context in which the task occurs. The presence/
absence conditionwas used in Experiment 1, but not in Ex-
periment 2. Cues were used in Experiment 2, but not in Ex-
periment 1. It is possible that these differences could have
caused the participants to use different strategies in the two
experiments, which might have resulted in the lowered
categorical advantage in Experiment 2. Although the re-
duction in the advantage is interesting and will be investi-
gated in future research, it does not detract from the major
finding in Experiment 2. The participants were able to de-
tect changes more quickly when the quadrant in which the
change occurred was cued, but the difference between cat-
egorical and metric changes was not affected by the pres-
ence of a cue. Thus, Experiment 2 provides evidence that
the coding of categorical relations is accomplished only
after spatial attention has been allocated to a particular
local area of a scene.

GENERAL DISCUSSION

The results of the present study provide evidence that
categorical relations between objects are coded in scene
perception (Experiments 1 and 2). Changes in scenes that
disrupted above, below, or side of relations between two
objects were more easily detected than were equivalent
distance changes that did not disrupt these relations. Fur-
thermore, the coding of categorical relations between ob-
jects appears to occur only when spatial attentionhas been
allocated to the local area of the scene (Experiment 2).
The level of the categorical advantage was not affected by
the presence of a cue.

The present results suggest important parallels between
object recognition and scene perception. Some models of
object recognition (e.g., Hummel & Biederman, 1992;
Hummel & Stankiewicz, 1996) posit that the parts of an
object and the categorical relations among those parts are
represented independentlyof each other. Attention serves
to bind categorical relations together with object parts in
order to form a complete representation of the object. The
present results suggest that the same type of binding may
be occurring in scene perception as well. Attention to a
local area of a scene may bind objects and their categori-
cal position together, forming a representationsufficiently
detailed to enable the detection of change. Although Ren-
sink’s (2000) model of scene perception posits that only a
single object is stabilized in attention at any one time, the
present results suggest that multiple objects and their cat-
egorical relations might be stabilized and bound at once,
in a manner similar to the multipleparts and their relations
in a single object.

The results of Experiments 1 and 2 are some of the first
to indicate categorical coding of relations in scene per-
ception. Several recent studies have found evidence that

the spatial relationsbetweenmultipleobjectsare codedonly
metrically (e.g., Diwadkar & McNamara, 1997;Shelton&
McNamara, 1997), but these studies either employed tasks
that explicitly encouraged metric coding (e.g., Shelton &
McNamara, 1997, had participantspoint to the locationof
an object) or used abstract stimuli such as disconnected
object parts or line segments (e.g., Humphreys & Riddoch,
1995). The relations between multiple abstract objects and
the relations between objects in three-dimensional scenes
(such as the scenes employed in the present study) may be
treated differently by the visual system.

However, the results of Experiments1 and 2 do not imply
that metric information is not coded in scene perception;
in fact, the results support the idea that metric information
is being coded. If no metric information were included,
then the participants would have found the metric-only
changes virtually impossible to detect. Rather, position in
scene perception might be coded using a nonlinearoutput
function that includes both categorical information and
metric information (see Hummel & Stankiewicz, 1998).
Alternatively, both categorical informationand metric rep-
resentations of object locations may be coded indepen-
dentlyof each other, but both typesof representationmay be
used to guide change detection.

Although the results of the present study show a cate-
gorical advantage for detecting changes to scenes, they do
not speak to why this advantageexists. It could be the case
that people attend to regions of a display along categori-
cal lines (e.g., by first attending above a selected object in
a display, then side of the object), thus allowing for faster
detection of categorical disruptions. Alternatively, cate-
gorical relations may simply be extracted more quickly
under attention than may metric relations (e.g., Kosslyn,
Chabris, Marsolek, & Koenig, 1992), allowing for faster
detection of categorical changes. Likewise, the results do
not speak to whether the attentionalcosts (as measured by
invalid cuing) for change detection would be different for
categoricaland metric changes.The answers to bothof these
questions will help further our understanding of the role
of categorical relations and attention in scene perception.

After attention leaves the local area of the scene, the
fate of the representation containing the objects and their
categorical relations is unclear. It is possible that the cat-
egorical relations between objects are coded only when
focused attention is allocated to the local area of a scene
and are lost when focused attention leaves the local area
of the scene. Such a view wouldbe in agreementwith views
of visual search that posit preattentional and postatten-
tional processing of objects are equivalently degraded
(e.g., Horowitz & Wolfe, 1998). Alternatively, the cate-
gorical relations between objects in scenes could be atten-
tionally encoded into a long-term memory representation
that can then be retrieved when focused attention returns
to the same local area (e.g., Henderson & Hollingworth,
1999b). Note, however, that in both views categorical re-
lations are coded. Furthermore, the initial encoding of the
categorical relations can be accomplishedonly throughat-
tentional processing and can be “used” only when atten-
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tion is focusedon the local area of the scene. Future research
will be needed to discriminate between these two alterna-
tive views.

Likewise, future research will also need to specify more
precisely the representation used for scene perception.Al-
though we found evidence that above, below, and side of
are being coded relative to the closest object in a scene, it
is possible that these relations are coded relative to other
objects as well, perhaps all other objects in foveal vision.
It is also possible that relations other than above, below,
and side of are being coded, such as the relation between.
The flicker paradigm can provide a useful tool for inves-
tigating these questions.
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