
The visual world is continuous, but physiological con-
straints prevent us from seeing it all at once. Instead, we 
sample the environment through movements of the head, 
body, and eyes. How are successive views integrated 
within a coherent representation of surrounding space? 
A common error in scene representation, called boundary 
extension (BE), may provide part of the answer (Intraub & 
Richardson, 1989; for a review, see Intraub, 2007). When 
viewers explicitly attempt to remember the objects, de-
tails, and layout of a scene, they tend to remember more 
than was actually shown. Their mental representations 
appear to anticipate the continuity of layout inherent in 
real-world scenes, which may serve to support integra-
tion of successive views into a coherent spatial framework 
(Gottes man & Intraub, 2002; Intraub, 1997).

BE occurs rapidly and has been observed following a 
masked interruption to sensory input as brief as 42 msec 
(an interval commensurate with the duration of a saccade; 
Dickinson & Intraub, 2008). Behavioral experiments 
(e.g., Gottesman & Intraub, 2002; Intraub, Gottesman, & 
Bills, 1998) and neuroimaging research (Park, Intraub, 
Yi, Widders, & Chun, 2007) indicate that it is specifi-
cally associated with the processing of layout—an aspect 
of scene structure that continues beyond the edges of a 
view. BE appears to occur across the life span. Memory 
tests revealed layout extrapolation in scene memory for 
individuals ranging in age from 6 to 84 years old (Sea-

mon, Schlegel, Hiester, Landau, & Blumenthal, 2002). 
Infants as young as 3 months of age exhibited looking 
preferences, suggesting that they too remember having 
seen more of a view than was shown (Quinn & Intraub, 
2007). It is tempting to conclude that BE is a fundamental 
aspect of scene representation.

 However, the extant literature on BE includes only cases 
in which observers were presented with a single task. In all 
BE experiments (with the exception of the infant study, of 
course), observers were explicitly instructed to memorize 
each scene for a later memory test. However, in the case of 
our normal day-to-day scene perception, we do not attempt 
to memorize each scene that comes into view. In fact, the 
scene through which we navigate is often incidental to the 
specific task at hand (e.g., we search for street signs and 
house numbers as we drive through an unfamiliar neigh-
borhood, while houses and terrain roll by). If BE plays a 
fundamental role in scene perception, it should occur in 
such situations as well. On the other hand, if it is related 
solely to the task of memorizing a view, its utility for ev-
eryday scene perception would, at best, be limited, and it 
surely could not play an important role in view integration. 
The purpose of our research was to determine whether BE 
would occur when scene memory was neither the sole task 
nor the primary task of the observer—that is, when a scene 
is in the background while visual attention is focused on a 
demanding, unrelated task in the foreground.
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to gist acquisition; see, e.g., Li, VanRullen, Koch, & Perona, 
2002); another possibility is that not only will BE occur, but 
also, without focal attention to constrain it, the error will be 
even more expansive when attention is divided.

The goal of the present experiments was to determine 
whether BE would be affected if the observer was required 
to engage in an unrelated, demanding search task while 
viewing photographs of scenes. Many different types 
of memory tests have been used to assess BE (drawing 
tasks, scene reconstructions, border adjustment, serial and 
forced alternative choice; see Chapman, Ropar, Mitchelle, 
& Ackroyd, 2005; Daniels & Intraub, 2006; Intraub, 2002; 
Intraub, Hoffman, Wetherhold, & Stoehs, 2006; Mathews 
& Mackintosh, 2004; Seamon et al., 2002). Here, we used 
an explicit boundary rating scale developed by Intraub and 
Richardson (1989) that has been used in many subsequent 
experiments (e.g., Bertamini et al., 2005; Gottesman & 
Intraub, 2002; Intraub, Bender, & Mangels, 1992; Intraub 
et al., 1998; Intraub et al., 1996), because it allows view-
ers to respond quickly with a rating that characterizes the 
view as a whole.

Our choice of search task was driven by the need to 
engage focal attention. This requires a demanding, inef-
ficient visual search task yielding an RT 3 set size slope 
of approximately 25–50 msec/item (Braun & Sagi, 1990). 
The standard choice in the literature on dual visual tasks 
is a spatial configuration search, which requires the ob-
server to discriminate between two stimuli that differ only 
in the configuration of their common elements, such as 
Ts and Ls (Braun & Julesz, 1998; Li et al., 2002). We 
opted for a search for block 5s among block 2s, which 
is a particularly demanding spatial configuration task, 
perhaps because the distractors are mirror images of the 
targets (Roggeveen, Kingstone, & Enns, 2004). In addi-
tion, this task has already been successfully used in other 
research focusing on visual attention and picture memory 
(Wolfe et al., 2007).

In the present series of experiments, on each trial, 2s and 
5s were superimposed on a briefly presented scene, and 
observers were asked to report on the number of 5s present. 
This number could vary from zero to two, so that observ-
ers would continue searching after finding a single target. 
This was intended to ensure that the search would require 
the full 750-msec duration of the composite display. We 
could then compare boundary ratings between conditions 
in which observers either ignored the search task or fo-
cused on the search task. To prevent one set of attention 
instructions from interfering with the other, independent 
group designs were used in all the experiments. To verify 
that the observers were indeed focused on search when it 
was the primary task, search performance was always com-
pared with that of a baseline search group. The observers in 
this group received the search instruction and were warned 
not to let the pictures distract them. This warning (to ignore 
the pictures) was further supported by the fact that picture 
memory was never tested. In Experiment 1, viewers had 
foreknowledge of the boundary rating task and were tested 
on each trial, whereas in Experiments 2 and 3, the bound-
ary rating task was incidental, and no mention of it was 
made until after presentation of all the pictures.

Although the effects of dividing visual attention on BE 
are not known, there is certainly evidence that dual tasks 
compromise picture memory. Rowe and Rogers (1975) 
demonstrated that verbal shadowing of letters while view-
ers looked at pictures of outline objects caused a decre-
ment in both recall and recognition of the pictures, when 
compared with a control condition in which viewers sim-
ply heard the letters without shadowing. Wolfe, Horo witz, 
and Michod (2007) have shown that a superimposed vi-
sual search task has a greater negative impact on memory 
for scenes than does an auditory task of equivalent diffi-
culty. Intraub (1984) demonstrated that during rapid serial 
visual presentation of photographs, allocation of attention 
to different subsets of pictures within the stream impaired 
memory for the unattended pictures.

In a somewhat different vein, visual attention has been 
shown to influence memory for specific objects or pic-
ture details under conditions in which viewers certainly 
remember the overall scene. Striking examples of viewers’ 
inability to detect changes to scenes have been provided 
using a variety of paradigms (i.e., change blindness; Levin 
& Simons, 1997; Simons & Rensink, 2005). Viewers fre-
quently fail to notice even large changes in a scene unless 
they happen to focus attention on those areas (Hender-
son & Hollingworth, 1999; Hollingworth & Henderson, 
2002). Related research on inattentional blindness (Mack 
& Rock, 1998) and inattentional amnesia (Wolfe, 1999) 
has highlighted the importance of the allocation of visual 
attention to scenes and other kinds of visual displays. In 
a particularly striking class of experiments, observers 
who were required to count the number of passes made 
by specific actors in a complex ball-passing game failed 
to notice a task-irrelevant person in a gorilla suit stroll-
ing through the scene (Simons & Chabris, 1999; see also 
Neisser & Becklen, 1975).

Thus, redirecting or dividing visual attention has been 
shown to affect both overall memory and memory for spe-
cific details within a given view. We asked whether BE 
would also be affected when attention was divided. It is 
possible that without focal attention to a scene, extrapola-
tion beyond the edges does not occur, either because, in 
the absence of explicit memorization instructions, con-
structive memory processes are not elicited or because 
memory for the spatial expanse of the scene will be so 
poor that when observers err, they simply make random, 
bidirectional guesses as to boundary location.

Alternatively, it may be the case that BE is the result of 
an automatic process during scene perception. It is known 
that layout is rapidly detected (Biederman, 1981; Schyns 
& Oliva, 1994); perhaps the continuation of layout is auto-
matically computed as well. Consistent with this idea, fore-
knowledge of BE in conjunction with explicit instructions 
to prevent it has been shown to attenuate but not eliminate 
the boundary error (Intraub & Bodamer, 1993). BE has been 
observed for briefly presented pictures (e.g., 240 msec) 
when memory was tested as soon as 42 msec later (Dick-
inson & Intraub, 2008; Intraub & Dickinson, in press; see 
also Bertamini, Jones, Spooner, & Hecht, 2005; Intraub, 
Gottesman, Willey, & Zuk, 1996). If BE is automatic, it 
might be unaffected by the demands of a dual task (similar 
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BE will produce a response asymmetry (Gottesman 
& Intraub, 2002; Intraub et al., 1998; Intraub & Rich-
ardson, 1989). When a close-up view is followed by a 
wide-angle view at test, the test item will be rated as 
being more similar to the stimulus than when the order 
is reversed. This will occur because BE in memory for 
the close-up stimulus will result in its being remem-
bered as a more wide-angled view, thus causing it to be 
more similar to the view shown in the wide-angle test 
picture. When the wide-angle view is presented first, 
followed by the close-up view, the difference between 
the members of the pair will be relatively striking.

We expected to obtain all of these results in the memory-
 only condition (replicating prior research). The question 
was whether any or all of these results would occur under 
conditions in which attention was withdrawn from the 
pictures.

Method
Participants

The observers were 108 students (68 of them female) from the 
University of Delaware, who were fulfilling an optional research 
requirement in an introductory psychology course. All signed IRB-
approved informed consent forms.

Stimuli
The stimuli consisted of close-up and wide-angle views of 48 

natural scenes (both indoor and outdoor). Twelve red block numbers 
(2s and 5s) were randomly arranged on an invisible 6 3 4 grid super-
imposed on each scene. A close-up and wide-angle version of one 
such scene, along with the superimposed search display, is shown in 
Figure 1. An additional five pictures were used to provide practice 
trials prior to each experimental session.

Apparatus
Sequences were programmed in MATLAB with the Psychophys-

ics Toolbox (Brainard, 1997; Pelli, 1997) and were presented on a 
 21-in. color monitor run by a Dell Dimension DIMXPS (P4/2.8 GHz) 
computer. Screen resolution was set to 1,024 3 768 pixels 3 32 bits 
of color. The observers were seated approximately 45.7 cm from the 
monitor. Each picture was presented on a black background, and 
the dimensions for each picture were 720 3 480 pixels, subtending 
a visual angle of approximately 29º 3 20º. Each block number was 
24 3 40 pixels, with a stroke width of 9 pixels. At the 45.7-cm view-
ing distance, each letter subtended 1.0º 3 1.7º.

ExPErIMEnt 1

On each trial in Experiment 1, a close-up or wide-angle 
view of a scene with a superimposed display of red block 
2s and 5s (see Figure 1) was presented for 750 msec. For 
dual-task observers, the primary task was to report the 
number of 5s without allowing the picture to distract them; 
for memory-only observers, it was to memorize the pic-
ture without allowing the numbers to distract them. After 
a few seconds, the scene reappeared (either the identical 
view or the alternative view), and boundary memory was 
tested using the rating procedure developed by Intraub 
and Richardson (1989). Viewers indicated whether the test 
view was the same, a little or a lot more close-up, or a 
little or a lot more wide-angle (5-point scale). We selected 
the rating measure because it is a simple, rapid response 
that captures the overall appearance of the view. This type 
of test would be less likely to put additional strain on 
memory by giving the viewers the opportunity to make a 
decision as soon as they viewed the test item.

Boundary ratings also allowed us to test for key patterns 
of responses that were associated with BE. These involved 
responses both to test items that were identical to the stim-
ulus and to those that differed by showing either more or 
less of the scene than did the stimulus (referred to as dis-
tractors). On the basis of prior work with views containing 
centrally located objects on a simple natural background, 
when BE occurs, we should observe the following.

1. BE will be greatest in memory for close-up views. 
The most sensitive test occurs on trials in which a 
close-up test item is identical to the stimulus view. 
On average, at test, the identical close-up should be 
rated as being more close-up than the stimulus— 
indicating that the observer remembered the stimulus 
as showing more of the scene.

2. In contrast, wide-angle views will be expected to 
yield less BE than the close-up views or to yield no 
directional distortion (e.g., Gottesman & Intraub, 
2002; Intraub et al., 1992; Intraub et al., 1998).

3. When pairs of close-up and wide-angle views are 
used to create distractor conditions to test memory, 

A B

Figure 1. the birthday cake scene is shown in its close-up version with zero target 5s (A) and in its 
wide-angle version with two target 5s (B). note that the actual stimuli were presented in color and 
the search stimuli were in red.



1340    Intraub, DanIels, HorowItz, anD wolfe

results and Discussion

Search Accuracy
Search accuracy data were arcsine transformed before 

analysis. We will report the back-transformed mean hit 
rates. Mean hit rates were above the .33 chance level in 
both the baseline search condition [M 5 .59, SD 5 .01; 
t(35) 5 34.75, p , .001] and the dual-task condition 
[M 5 .55, SD 5 .01; t(35) 5 31.17, p , .001]. Impor-
tantly, there was no difference in mean hit rate between 
the baseline search and the dual-task conditions [t(70) 5 
1.61, n.s.]. This indicates that the observers in both condi-
tions were equally engaged in the search task.

Memory task
Fewer than 1% of all the responses were lost due to 

the trial’s timing out (0.4% in the memory-only condi-
tion and 0.5% in the dual-task condition). The observers 
rarely reported not remembering a picture at all, but not 
surprisingly, there were more such responses in the dual-
task condition (6.2%) than in the memory-only condition 
(0.4%).

Table 1 shows the percentage of trials on which the 
observers reported their confidence as sure (3), pretty 
sure (2), or not sure (1). Not surprisingly, the observers 
were more confident in the memory-only condition (M 5 
2.35, SD 5 0.32) than in the dual-task condition (M 5 
1.97, SD 5 0.37) [t(70) 5 4.61, p , .001]. Because of 
this, we analyzed the boundary ratings in two ways: (1) fo-
cusing only on high-confidence trials (sure and pretty 
sure) and (2) analyzing all the trials. Both analyses yielded 
the same results (with a single exception that will be de-
scribed later), so we will focus on the high-confidence 
trials in both conditions.

The critical question in this experiment is whether or not 
BE occurred in the dual-task condition. Figure 2A shows 
that it did. In the CC conditions, in which a close view 
followed the same close view, the mean boundary ratings 
were negative, meaning that the observers recalled the first 
image as having been shown from a wider angle than it 
actually was. CC boundary ratings were more negative in 
the dual-task condition than in the memory-only condition 

Design
The observers were randomly assigned to one of three conditions: 

memory only, dual task, or baseline search control. There were al-
ways 48 trials. Half showed a close-up and half a wide-angle stimu-
lus. The number of target 5s was zero, one, or two, equally often. 
Finally, in the two conditions in which memory was tested, the test 
view was the same image on half of the trials (wide–wide or close–
close) and the alternate view on the other half of the trials (wide–
close or close–wide). Twelve counterbalanced sets of trials were 
required to ensure that all the scenes were shown equally often in 
each view with each number of targets and each type of memory test 
(two stimulus views [close vs. wide] 3 three search target quantities 
[zero, one, or two] 3 two test types [same view or different view]). 
Three observers were tested in each of the 12 counterbalanced sets 
of trials, so there were 36 observers in each condition and 108 ob-
servers in the experiment.

Procedure
In all the conditions, the stimulus (scene with superimposed num-

bers) was presented for 750 msec, followed by an input task (which 
timed out after 5 sec) and a feedback display that remained visible 
for 2 sec. This was done to keep the task situations as similar as 
possible across conditions. In the memory-only and dual-task con-
ditions, this sequence of events was followed by a boundary rating 
task (see the Memory Test section below) to assess memory for the 
picture. In all the conditions, the observers were told the following: 
“There are always many things in the world that compete for our at-
tention. The purpose of the study is to better understand our ability 
to pay attention.” In the dual-task and baseline search conditions, 
they were told that their primary task was to count the number of 
5s in each display without letting the pictures distract them. The 
memory component of the dual task was described as being of only 
secondary importance. In the memory-only condition, they were 
told that their task was to remember the pictures in as much detail as 
possible without letting the numbers distract them.

Input displays and feedback. In the search conditions (base-
line search and dual-task search), the input task involved clicking 
the number of target 5s (zero, one, or two) detected. This was fol-
lowed by a feedback display that showed “Yes, [#] targets” fol-
lowing a correct response or “No, not [#]. There were [#] targets” 
following an incorrect response. This display remained visible for 
2 sec. The input task in the memory-only condition required the 
observers to click the mouse to report how easy it was to see the 
picture, on a 5-point scale: very easy (1), fairly easy (2), medium 
(3), fairly hard (4), or very hard (5). This was followed by a feed-
back display with the message, “Thank you for your response,” 
which remained visible for 2 sec. In all the conditions, if a response 
was not made within 5 sec, the trial timed out, and no response 
was recorded. In the memory-only and dual-task conditions, the 
memory test immediately followed. For the baseline search condi-
tion only, the feedback display was followed by a 1-sec pause, a 
ready “beep,” and onset of the next trial.

Memory test. Half the time, the test picture that appeared was 
identical to the stimulus view: a close-up (C) stimulus followed by 
the same close-up test item (CC condition) or a wide-angle (W) 
stimulus with the same wide-angle view at test (WW condition). 
The other half of the time, the test picture was the alternate view: a 
close-up stimulus followed by wide-angle view at test (CW condi-
tion) or a wide-angle stimulus followed by a close-up view at test 
(WC condition). Following the training procedure in Intraub and 
Richardson (1989), the impact of moving a camera closer to or far-
ther away from an object in a scene was illustrated to the observers. 
They were instructed to rate the test items as follows: “Compared to 
the picture you just saw, this picture is” a lot closer-up (22), a little 
closer-up (21), the same (0), a little farther away (1), or a lot farther 
away (2). The observers used the mouse to click on their answer; a 
new screen appeared, and they indicated their confidence by click-
ing on sure (3), pretty sure (2), or not sure (1). The observers were 
also given the option of responding did not see picture.

table 1 
Percentages of Sure, Pretty Sure, and Not Sure Confidence 

ratings Shown by Condition for Experiments 1–3

Condition

 Confidence  Memory Only  Dual Task  

Experiment 1

Sure 42.7 22.1
Pretty sure 47.1 46.1
Not sure  9.4 25.1

Experiment 2

Sure 22.9  5.3
Pretty sure 60.2 35.4
Not sure 15.1 45.6

Experiment 3

Sure 28.7  5.1
Pretty sure 57.6 38.2

 Not sure  12.3  45.6  
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Figure 2B shows the mean boundary ratings for CW 
and WC trials. The observers in both conditions were 
able to correctly recognize that the test picture was a 
more wide-angle view than was the stimulus on CW tri-
als (mean rating .0) and a more close-up view than was 
the stimulus on the WC trials (mean rating ,0). In addi-
tion, these responses show the asymmetry that signifies 
the presence of BE. To illustrate the response asymme-
try, the absolute values of these ratings are presented in 
Figure 2C. In this way, we can see how much the rat-
ing differs from 0 (same) when the same two views are 
compared but their order of presentation differs. The test 
item was rated as being more similar to the stimulus view 
on CW trials than on WC trials. A mixed model 2 (condi-
tion: dual task vs. memory only) 3 2 (trial type: CW vs. 
WC) ANOVA showed that this difference in rating as a 
function of trial type was significant [F(1,70) 5 65.53, 
p , .001].

There was also a main effect of condition [F(1,70) 5 
24.77, p , .001] and no interaction (F , 1), indicating 

[t(70) 5 3.63, p , .001]. Engagement in the search task 
had the same effect on BE regardless of the number of tar-
gets in the display. For CC trials in the dual-task condition, 
mean boundary ratings were 20.66 (SD 5 0.50) in the 
zero-target condition, 20.84 (SD 5 0.62) in the one-target 
condition, and 20.69 (SD 5 0.64) in the two-target condi-
tion; a one-way ANOVA revealed no significant difference 
[F(2,62) 5 1.01, n.s.]. As in previous experiments, with 
single centrally located main objects, no directional error 
occurred on WW trials in either condition.

It is worth noting that the magnitude of the boundary 
rating for the CC trials obtained here is among the highest 
that have been reported. Across 15 different test conditions 
in eight publications (using some of the same pictures or 
pictures very similar to those in the present set),1 the mean 
rating for CC trials was 20.44. The highest mean rating 
in this group (20.74) was obtained for pictures that were 
briefly presented (250-msec durations). The briefly pre-
sented pictures (750 msec) in the dual-task condition of 
the present experiment received a similar mean rating.
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Figure 2. Mean boundary ratings in the memory-only and dual-task conditions in Experiment 1: (A) CC and WW trials, (B) CW 
and WC trials, and (C) absolute value of the mean ratings on CW and WC trials (allowing direct comparison of the distractor asym-
metry). A rating of 0 indicates that the test item appears identical to the stimulus, negative ratings indicate that it looks more close-up 
(C) than before (shows less of the scene), and positive ratings indicate that it looks more wide-angle (W) than before (shows more of 
the scene). Error bars reflect the .95 confidence interval around each mean.
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those results as a replication. In this experiment, n 5 24 
in each of the three conditions. As in the previous analy-
sis, we excluded trials rated as not sure in both condi-
tions. Again, the data were normalized using an arcsine 
transformation of the mean hit rate, and we will report 
the back-transformed means. Mean hit rates were above 
chance (.33) in both the baseline search condition [M 5 
.55, SD 5 .01; t(23) 5 27.30, p , .001] and the dual-task 
condition [M 5 .54, SD 5 .01; t(23) 5 25.11, p , .001]. 
Again, the mean hit rates did not differ [t(70) 5 1.61, n.s.]. 
Figure 3 summarizes the critical results. Panel A shows 
that, again, BE for the CC pictures occurred in both condi-
tions, with significantly more BE in the dual-task condi-
tion [t(46) 5 2.46, p , .05], and panel B shows that the 
viewers were able to detect that the test view was different 
from the stimulus view in the CW and WC trials. Panel C 
shows the CW and WC asymmetry characteristic of BE. 
A mixed model 2 (condition: memory vs. dual task) 3 2 
(trial type: CW vs. WC) ANOVA showed a main effect of 
trial type [F(1,46) 5 77.46, p , .001], a main effect of 

that responses to distractor views were, overall, less ex-
treme in the dual-task condition. This outcome for CW 
trials is consistent with the finding of greater BE for CC 
trials in the dual-task condition, because greater BE in 
memory for a close-up stimulus would make it resemble 
the wide-angle distractor even more (thus, the boundary 
rating would be expected to be closer to 0 in the dual-
task condition). However, the fact that there was also a 
decrease in WC ratings in the dual-task condition shows 
that neither type of distractor appeared to be as “different” 
as it did in the memory-only condition. If this reflects a 
more conservative use of the scale in the dual-task condi-
tion, the observation of greater BE on CC trials in the 
dual-task condition is all the more striking.

We ran a similar experiment in which pictures were 
counterbalanced across test presentation conditions (CC, 
WW, CW, and WC) but the number of targets was ran-
domly assigned to test presentation conditions, rather than 
being evenly distributed. Given that we found no effect of 
number of targets on BE in Experiment 1, we will report 
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Figure 3. Mean boundary ratings in the memory-only and dual-task conditions in the replication (Experiment 1): (A) CC and WW 
trials, (B) CW and WC trials, and (C) absolute value of the mean ratings on CW and WC trials (allowing direct comparison of the 
distractor asymmetry). A rating of 0 indicates that the test item appears identical to the stimulus, negative ratings indicate that it looks 
more close-up (C) than before (shows less of the scene), and positive ratings indicate that it looks more wide-angle (W) than before 
(shows more of the scene). Error bars reflect the .95 confidence interval around each mean.
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condition, we reduced the number of presentation trials to 
12 (from 48). At the end of the 12 trials, boundary memory 
for the 12 pictures (6 close-up and 6 wide-angle) was as-
sessed using the same boundary rating task as that in Ex-
periment 1. If the difference between the two conditions in 
Experiment 1 reflected strategic differences in the observ-
ers’ behavior in the dual-task and memory-only conditions, 
no difference between groups would be expected in Ex-
periment 2. However, if the difference between conditions 
was due to engagement in the demanding search task, we 
should replicate that difference, using this new procedure.

Finally, because the dual-task observers in Experi-
ment 1 occasionally failed to remember a few pictures, 
even though memory was tested moments after presenta-
tion, given the great memory demands of Experiment 2, 
we set an a priori criterion: At least three of the six close-
ups and three of the six wide-angles had to be recognized 
for a participant’s data to be included in the analysis.

Method
Participants

The observers were 72 undergraduates (46 of them female) from 
the University of Delaware, who were fulfilling an optional research 
requirement in an introductory psychology course and passed our 
a priori criterion of recognizing pictures on at least 3 of the CC trials 
and 3 of the WW trials. Half participated in the memory-only condi-
tion, and half in the dual-task condition. A total of 106 students (72 
of them female) had participated to accomplish this goal, because 33 
observers in the dual-task condition and 1 participant in the memory-
only condition failed to meet these criteria. Data from the first 12 trials 
of Experiment 1 (n 5 36) were used for comparison on the search task. 
All the observers signed IRB-approved informed consent forms.

Stimuli
The stimuli included the scenes that were presented in the first 12 

trials of Experiment 1 (close-up and wide-angle views) with super-
imposed block 2s and 5s. The same five practice pictures were used 
(without the memory test) to familiarize the observers.

Apparatus
The apparatus was the same as that in Experiment 1, with the fol-

lowing exceptions. Sequences were presented on a 21-in. Nokia color 
monitor driven by either a Dell Dimension DIMXPS (P4/2.8 GHz) 
computer or a Dell Optiplex GX270 (P4/2.4 GHz) computer.

Design
The observers were randomly assigned to either the memory-only 

condition or the dual-task condition (n 5 36 each). We compared 
search accuracy in the dual-task condition with performance on the 
first 12 trials of the baseline search condition in Experiment 1 (n 5 
36), because these trials corresponded to the ones used in this ex-
periment. Scenes were always presented in the same order as that in 
Experiment 1 (first 12 trials), intermixing close-up and wide-angle 
views (counterbalanced across observers). Test pictures were always 
identical to the stimulus picture, so that there were 6 CC trials and 
6 WW trials. As before, each combination of picture and presenta-
tion test condition (CC and WW) was presented equally often with 
zero, one, or two target 5s in the display. Thus there were six coun-
terbalancing conditions, with 6 observers in each.

Procedure
The observers experienced 5 practice trials (without the memory 

test) to familiarize them with their tasks. Attention instructions 
were identical to those in the corresponding conditions in Experi-
ment 1, except that the observers were told that a memory test 
would be administered at the end of all 12 trials and that test in-

condition [F(1,46) 5 25.56, p , .001], and no significant 
interaction [F(1,46) 5 1.73, p 5 .19].

A data analysis for the primary experiment and for the 
replication was conducted both including and excluding 
trials on which the observers expressed low confidence 
(not sure). When the lowest confidence trials (not sure) 
were included in the analysis, the only difference we ob-
served was in the case of the WW trials in the dual-task 
condition of the primary experiment, which yielded sig-
nificant boundary restriction [M 5 .11, SD 5 .29; t(35) 5 
2.22, p , .05]. A possible explanation is that, in the dual-
task condition, low-confidence trials reflected particularly 
poor memory due to the demands of the search task, caus-
ing these responses be more susceptible to proactive in-
terference across trials (in which both close-up and wide-
angle scenes were presented). As a result, these responses 
may have been colored by normalization (i.e., regression 
to the mean across trials, with large objects remembered 
as being smaller and small objects remembered as being 
larger; see Intraub et al., 1992).

This pattern did not occur in the replication when not 
sure trials were added; for WW trials, M 5 .04 [t(23) 5 
0.51, n.s.]. Finally, although it was not the main purpose 
of Experiment 2, the possible impact of proactive interfer-
ence was tested when the number of trials was reduced 
from 48 to 12. As will be seen, no boundary restriction 
occurred for the wide-angle views in the dual-task condi-
tion in that experiment.

ExPErIMEnt 2

When the observers were engaged in a demanding pri-
mary visual search task, BE clearly occurred for close-
ups. If anything, the extension was slightly greater than in 
the absence of a concurrent task. Why might this be? One 
possibility is that anticipatory representation of layout be-
yond the edges of a view is the result of a rapid, automatic 
process that is constrained by focal attention. On the other 
hand, this might have been due to the implementation of 
an advantageous strategy in the memory-only condition.

Because they were tested on each trial, the observers 
in all the conditions were fully aware of the nature of the 
memory test. The observers in the memory-only condi-
tion may have been able to implement strategies that mini-
mized their boundary ratings. For example, although it is 
highly unlikely, one could verbally quantify the relation of 
the object to each of the edges of the view; simply charac-
terizing it with respect to a single boundary (e.g., “0.5 cm 
from the right”) would serve to minimize the rating. The 
memory-only group would be more likely than the dual-
task group to be able to implement such a strategy. Sup-
porting this possibility is research showing that, at least 
in the case of a relatively long stimulus duration (15 sec), 
prior knowledge of the test can attenuate (although not 
eliminate) BE (Intraub & Bodamer, 1993).

To tease apart these possibilities, in Experiment 2, we 
eliminated foreknowledge of the nature of the memory test 
by deferring the test (and the instructions for the test) until 
the end of the presentation trials. Because long-term reten-
tion of the picture is much more difficult in a dual-task 
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pictures, BE was greater in the dual-task condition. 
This outcome rules out the hypothesis that the differ-
ence in BE was due to the use of specific strategies in 
the memory- only condition in Experiment 1. The results 
support the idea that BE is a rapid, automatic component 
of scene representation. It does not require focused at-
tention. Indeed, the withdrawal of attention serves only 
to make the effect larger.

ExPErIMEnt 3

The purpose of Experiment 3 was to replicate the ef-
fect of withdrawing attention on BE for close-up views 
(CC trials) obtained in Experiment 2 while simultane-
ously testing to determine whether the CW–WC asym-
metry, obtained in Experiment 1, would also occur under 
these conditions. The design was similar to that in Ex-
periment 2, except that the 12 trials always included 6 
CC trials, 3 CW trials, and 3 WC trials. As in Experi-
ment 2, we set an a priori criterion for recognition. In 
this case, the viewers needed to recognize at least three 
pictures in the CC trials, two pictures in the CW trials, 
and two pictures in the WC trials to be included in the 
main analysis.

Method
Participants

The observers were 72 students (39 of them female) from the 
same population as that in Experiments 1 and 2, who passed our 
a priori criteria of recognizing at least three CC pictures, two CW 
pictures, and two WC pictures. Half participated in the memory-
only condition, and half in the dual-task condition. A total of 102 
students (57 of them female) had participated to accomplish this 
goal, because 30 observers in the dual-task condition failed to meet 
this level of performance. As in Experiment 2, data from the first 
12 trials of Experiment 1 (n 5 36) were used for comparison on the 
search task.

Stimuli and Apparatus
Both the stimuli and the apparatus were the same as those in 

Experiment 2.

structions would be presented then. We reasoned that the observ-
ers would not spontaneously expect a boundary rating test, but to 
determine whether this was the case, at the end of each session, the 
observers were asked whether this was the type of memory test that 
they had anticipated.

results and Discussion

Search Accuracy
As in Experiment 1, hit rates were arcsine transformed, 

and we will report the back-transformed means. Mean hit 
rates were above chance (.33) in both the baseline search 
condition [M 5 .59, SD 5 .03; t(35) 5 19.18, p , .001] 
and the dual-task condition [M 5 .62, SD 5 .05; t(35) 5 
16.19, p , .001]. Again, there was no difference in mean 
hit rates between the baseline search and the dual-task 
conditions [t(70) 5 20.70, n.s.].

Memory task
There were very few timeouts (1.2% and 1.6% in the 

memory-only and dual-task conditions, respectively). 
The observers who passed the screening criterion failed 
to recognize a picture on just 0.7% of the trials in the 
memory-only condition; this failure rate increased to 
12.0% in the dual-task condition. As before, because 
boundary scores were not meaningful on these trials, 
they were excluded from the analysis. The percentage of 
times the observers in each condition reported being sure 
(3), pretty sure (2), or not sure (1) is shown in Table 1. 
Again, the mean confidence rating was higher in the 
memory-only condition (M 5 2.08, SD 5 0.35) than in 
the dual-task condition (M 5 1.53, SD 5 0.32) [t(70) 5 
7.05, p , .001]. Given the small number of trials (only 
12, in contrast to the 48 trials in Experiment 1), we did 
not conduct separate analyses for the high-confidence 
trials. All the analyses included all three confidence 
levels.

Figure 4 shows the mean boundary ratings for the CC 
and WW trials in the memory-only and dual-task condi-
tions. BE occurred in both conditions on CC trials, and no 
directional error occurred on WW trials, replicating the 
typical pattern associated with BE. As in Experiment 1, 
BE for CC trials was reliably greater in the dual-task con-
dition than in the memory-only condition [t(70) 5 2.32, 
p , .05]. Of the 72 observers, only 1 participant in the 
memory-only condition answered in the affirmative about 
expecting a BE rating test; removing this participant did 
not affect the pattern of results.

Finally, to determine whether our inclusion criterion 
had inadvertently skewed the data, we analyzed the ex-
cluded participants (n 5 33) separately, with a very loose 
criterion: at least one recognized picture in the CC condi-
tion. In the case of these excluded dual-task observers, 
even with very thin data, the results were replicated; there 
was significantly more BE (M 5 2.77, SD 5 .71) in the 
dual-task condition than in the memory-only condition 
(M 5 2.42, SD 5 .43) [t(65) 5 2.50, p , .05].

In sum, the results replicated those for the CC and 
WW trials in Experiment 1 with an incidental BE test. 
Although neither group knew the true nature of the 
memory test, when attention was withdrawn from the 
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results
Search Accuracy

As in the previous experiments, we arcsine- transformed 
the search accuracy data and will report the back-
 transformed means. Mean hit rate for the dual-task condi-
tion was above chance [.33; M 5 .63, SD 5 .02; t(35) 5 
22.78, p , .001]. This was compared with the same base-
line hit rate as that in Experiment 2. Again, the mean hit 
rate in the dual-task condition did not differ from the base-
line rate [t(70) 5 21.15, n.s.].

Memory task
There were very few timeouts (0.9% and 1.6% in the 

memory-only and dual-task conditions, respectively). For 
the observers who passed the screening criterion, the fail-
ure to recognize a picture was 0.5% in the memory-only 
condition and 9.5% in the dual-task condition. As before, 
because boundary scores were not meaningful on these tri-
als, they were excluded from the analysis. The percentage 
of times the observers in each condition reported being 

Design
The observers were randomly assigned to either the memory-only 

condition or the dual-task condition (n 5 36 each). As in Experiment 2, 
search in the dual-task condition was compared with performance on 
the first 12 trials in the baseline search condition in Experiment 1 (n 5 
36). Scenes were always presented in the same order as in the first 12 
trials of Experiment 1, with nine scenes presented in their close-up 
version and three presented in their wide-angle version. In the memory 
test, six of the close-ups were tested by repeating the same stimulus 
(CC trials), three were tested by presenting the more wide-angle ver-
sion (CW), and the three wide-angle stimuli were tested by presenting 
a more close-up view (WC). As before, each combination of scene and 
presentation test condition (CC, CW, and WC) was presented equally 
often with zero, one, or two target 5s in the display. Twelve counterbal-
ancing conditions ensured that, across the experiment, each scene was 
presented half the time in a CC trial and half the time in a distractor 
trial (divided evenly between CW and WC trials). The 12 counterbal-
ancing conditions followed the scheme set out in Experiment 1, except 
that, instead of having both CC and WW trials, all the trials in which 
the stimulus and the target were identical were CC trials.

Procedure
The procedure was the same as that in Experiment 2.
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curred, but also was more expansive. This shows that BE 
is not limited to cases in which observers must explicitly 
memorize the details of a scene and that it is feasible that 
this aspect of representation may occur during normal per-
ception, when visual attention is often divided.

Whether observers focused on memorizing the briefly 
presented pictures (ignoring the superimposed numbers) 
or attempted to count the number of 5s among the block 
2s and 5s superimposed on those pictures (a task requir-
ing them to discriminate between two stimuli differing 
only in the configuration of their common elements), 
the rating patterns diagnostic of BE occurred. This oc-
curred whether memory set size was limited to a single 
picture (Experiment 1) or included 12 pictures (Experi-
ments 2 and 3). In all three experiments, when the stimu-
lus and the test picture were identical close-ups, the test 
picture was rated as looking too close-up, indicating that 
the original was remembered as showing a more expan-
sive view, whereas when the stimulus and test pictures 
were identical wide-angle views, the test picture ratings 
revealed no directional error. Distractor trials yielded the 
critical asymmetry showing a unidirectional spatial error. 
Given the same pair of views, when the close-up was pre-
sented first and the more wide-angle view was presented 
at test, the two were rated as more similar in appearance 
than when the order was reversed.

In considering our dual-task condition, it is, of course, 
unwise to assert that a stimulus is processed without vi-
sual attention (e.g., Lavie, 1995); however, it is quite clear 
that our observers had indeed followed instructions and 
were fully occupied with the demanding visual search 
task. Accuracy on the search task was well above chance 
but clearly below ceiling, thus indicating that the observ-
ers were engaged in the task but that they found it to be 
difficult. This level of performance on the primary task 
(midway between floor and ceiling) is the desired pattern 
of results and is typical of the results of previous experi-
ments in which what can be processed under conditions 
of minimal visual attention has been studied (cf. Li et al., 
2002). Most important for our purposes, there were no dif-
ferences between baseline search and search in the dual-
task conditions, indicating that dual-task observers gave 
priority to the search task.

The search task clearly had a negative impact on mem-
ory in the dual-task condition. Viewers were more likely 
to “miss” a picture (i.e., report that they had not seen it 
before) in the dual-task conditions. This was especially 
pronounced in Experiments 2 and 3, in which up to 11 tri-
als intervened between presentation and test. These results 
are consistent with other findings that have indicated that 
picture memory requires attentional resources (Intraub, 
1984; Rowe & Rogers, 1975; Wolfe et al., 2007). Although 
fewer pictures were remembered in the dual-task condi-
tion, those that were remembered were sufficiently well 
represented to allow observers to successfully detect dis-
tractors and correctly label them as being closer or wider 
views. This is impressive in that the views were otherwise 
the same (same object, same background). It is important 
to note that the ability to identify and classify distractors 

sure, pretty sure, or not sure is shown in Table 1. Mean 
confidence was 2.17 (SD 5 0.28) and 1.54 (SD 5 0.25) 
in the memory and dual-task conditions, respectively, and 
differed significantly [t(70) 5 10.18, p , .001].

Figure 5 shows the critical findings for BE. The mean 
boundary ratings for the CC trials in the memory-only and 
dual-task conditions are shown in panel A. BE occurred in 
both conditions and was greater in the dual-task condition 
than in the memory-only condition [t(70) 5 2.20, p , .05]. 
Panel B shows the mean boundary ratings for the CW and 
WC trials. As in Experiment 1, the observers in both condi-
tions were able to correctly recognize that the test picture 
was a more wide-angle view than was the stimulus on CW 
trials (mean rating .0) and a more close-up view than was 
the stimulus on the WC trials (mean rating ,0).

To illustrate the distractor asymmetry, panel C shows 
the absolute values of the ratings in these trials. Again, the 
test item was rated as being more similar to the stimulus on 
CW trials than on WC trials. A 2 (condition: memory-only 
vs. dual task) 3 2 (trial type: CW vs. WC) mixed measures 
ANOVA on the absolute values revealed a significant ef-
fect of trial type [F(1,70) 5 24.54, p , .001] and no inter-
action [F(1,70) 5 1.65, n.s.]. Although the graph suggests 
that, again, responses to distractors were more muted in 
the dual-task condition, the main effect of condition in this 
experiment did not approach significance (F , 1).

As in Experiment 2, to determine whether our inclusion 
criterion had inadvertently skewed the data, we analyzed 
the excluded observers’ boundary scores separately, with 
the very loose criterion of at least one recognized picture 
in the CC condition. We compared their performance with 
that obtained in the memory-only condition. Again, the 
excluded observers exhibited significantly more BE (M 5 
2.60, SD 5 .69) than did those in the memory-only con-
dition (M 5 2.34, SD 5 .36) [t(62) 5 2.40, p , .05].

As in Experiment 2, at the end of the experiment, the ob-
servers were asked whether they had expected a memory 
test like the one administered, and all reported that they 
had not. These results are contrary to the hypothesis that 
knowledge of the test led to the development and imple-
mentation of a strategy that mitigated BE in the memory-
only condition. As before, when an identical close-up was 
presented moments later, it did not appear to be the same. 
Instead, there was a unidirectional error indicating that 
the observers had remembered the stimulus with extended 
boundaries. Despite the fact that neither group knew the 
true nature of the memory test, the size of this effect was 
greater in the dual-task condition. The distractor asymme-
try diagnostic of BE occurred in both conditions.

GEnErAL DISCuSSIon

In three experiments, BE was evident in memory for 
scenes that had been presented in the background while 
observers engaged in a demanding, unrelated visual search 
task presented in the foreground. Dividing visual atten-
tion did not eliminate computation of unseen (but highly 
likely) layout beyond the edges of the view. When visual 
attention was required for the search task, BE not only oc-
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tion of a typical scene memory test, it seems unlikely that 
fixations would be drawn to the picture’s edge, rather than 
to the main object of the scene. If anything, we would ex-
pect fixations away from the edge, since it has been shown 
that there is a fixation bias toward the center of the screen 
when observers study scenes (Tatler, 2007).

 We favor an alternative explanation that can readily 
account for the increase in BE associated with the dual-
task condition. We propose that while a scene is being 
perceived and understood, scene representation includes 
information derived from sensory activation (sensory), as 
well as amodal computations beyond the edges of the view 
(amodal; i.e., amodal perception of surfaces [Kellman, 
Yin, & Shipley, 1998; Yin, Kellman, & Shipley, 2000] or 
amodal completion of any cropped background objects 
[Kanizsa, 1979]). These completions help to create a 
larger spatial framework that captures the sense of place 
that a view engenders (e.g., we cannot see all four walls in 
a photograph of a kitchen but do not understand the pic-
ture to depict a partial room). While the image is available, 
the difference between information derived from sensory 
input and information derived from amodal perception is 
clearly discernible. However, in memory, the brain does 
not perfectly tag amodal information as such, so observ-
ers are liable to mistakenly remember having seen regions 
that were not actually present in the image. When the ob-
servers must later decide how much of the view they liter-
ally saw before, the relative weight of information derived 
from sensory and amodal information will differ, depend-
ing on how much visual attention had been focused on 
encoding visual details while the image was present.

On this view, deciding how much of a continuous 
scene one previously saw is analogous to the process of 
reality monitoring in episodic memory (Johnson & Raye, 
1981). Focused attention to the scene acts to increase the 
strength of sensory information, causing observers to be 
less open to accepting increasingly sparse areas of the 
amodal representation as being information that was actu-
ally seen before. Put another way, focused attention raises 
the threshold for accepting extrapolated layout as having 
actually been seen. The availability of focused attention 
reduces BE by improving memory for what has actually 
been presented.

Additional support for this interpretation has come 
from research on the rapidity of BE. As was mentioned 
earlier, while fixating a picture (sensory input), one can 
readily report the location of the boundaries. Intraub and 
Dickinson (in press) demonstrated that a break in sensory 
input as brief as 42 msec (the duration of a saccade) was 
sufficient for BE to occur. In one condition, a single scene 
was presented on each trial. After 250 msec of viewing, 
the scene was momentarily disrupted by a 42-msec mask 
and then remained on-screen. Observers tended to rate the 
view following the disruption as looking more close-up 
than the view presented prior to the disruption, indicating 
that the preinterrupt view was remembered with extended 
boundaries. Indeed, all the rating patterns diagnostic of 
BE occurred when CC, WW, CW, and WC conditions 
were tested in this paradigm.

as closer or wider views should not be confused with the 
critical rating asymmetry for closer-up and wide-angle 
distractors discussed earlier. The rating patterns observed 
clearly demonstrated that BE occurred in the dual-task 
conditions even though withdrawal of attention had a neg-
ative impact on overall memory. In fact, the magnitude of 
the effect was great even when attention was divided.

In considering the results of Experiment 1, we reasoned 
that this difference might have been due to the implemen-
tation of an advantageous encoding strategy (e.g., noting 
that “the treetop is 0.5 cm from the top boundary”) that 
would be much more difficult to exploit in the dual-task 
condition, because of the demands of the search task. Al-
though it seems unlikely that one could encode such ver-
bal mnemonics for each of the four boundaries, given the 
brief exposure, correcting even a single boundary in this 
way would minimize the rating. Thus, knowledge of the 
test and experience across 48 trials may have resulted in 
smaller BE ratings in the memory-only condition.

Experiments 2 and 3 tested this possibility by elimi-
nating foreknowledge of the test. Instead of testing after 
each picture, the observers viewed 12 pictures and then 
participated in the rating task. The observers were told 
to try to remember the picture in as much detail as pos-
sible and were told that memory would be tested at the 
end of the presentation series; the nature of the test was 
not revealed. Most observers tended to expect a recall or 
recognition test focusing on nameable details about the 
objects and backgrounds (object identity, colors, type of 
background, etc.), not a rating scale related to the expanse 
of the view. (Indeed, out of 144 observers in those experi-
ments, only 1 reported expecting a BE rating test.) In spite 
of this, the results of Experiments 2 and 3 replicated those 
of Experiment 1.

One way in which the visual attention manipulation 
might have had an impact on spatial memory is that the de-
mands of the search task changed the spatial distribution of 
eye fixations over the image. Although the display duration 
was brief (750 msec), it is possible that the observers made 
one or two eye fixations before offset. Because numbers in 
the search array were never presented at the edges of the 
picture, the search task may have reduced the number of 
fixations to the edges of the picture, relative to the center. 
With fewer fixations on the edge, there may not have been 
enough detail encoded to support a veridical representa-
tion, thus resulting in more BE in the dual-task condition.

Although eye movements may have had an impact on 
memory in this way, this account is not as compelling as 
it might appear at first blush. It has long been known that 
eye fixations are drawn to high-information areas within 
a picture, such as objects and object parts (Yarbus, 1967). 
One can see how, in Experiment 1, with full knowledge of 
the upcoming boundary test on each trial, the edge of the 
picture might have become salient enough to draw a fixa-
tion; however, the same effect was observed in Experi-
ments 2 and 3, in which the observers were unaware that a 
boundary memory test would follow and were instructed 
to memorize scene details. Given the brief exposure dura-
tion of these complex hybrid displays and the expecta-
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out and may serve to facilitate integration of a given view 
within a larger spatial framework. The present series of 
experiments shows that BE is, at the very least, available 
to aid integration of successive views even under the rig-
ors of day-to-day perception, wherein viewers do not ex-
plicitly attempt to memorize layout and detail but, instead, 
attend to a task at hand while a scene unfolds around them. 
If anything, the anticipatory representation of surrounding 
layout is greater when attention is divided.
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