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Abstract-When looking at a scene, observers feel that they see its Pashler, 1988; Phillips, 1974). An initial display was presented for
entire structure in great detail and can immediately notice any 100 to 500 ms, followed by a brief interstimulus interval (ISI), fol-
changes in it. However, when brief blank fields are placed between lowed by a second display in which one of the items was removed or
alternating displays of an original and a modified scene. a striking replaced on half the trials. Responses were forced-choice guesses
failure of perception is induced: Identification of changes becomes about whether a change had occurred. Observers were found -to be
extremely difficult, even when changes are large and made repeat- poor at detecting change if old and new displays were separated by an
edly. Identification is much faster when a verbal cue is provided, IS! of more than 60 to 70 ms.
showing that poor visibility is not the cause of this difficulty. Iderzti- The second type of paradigm, stemming from- eye movement stud-
fication is also faster for objects considered to be important in the ies, was used to examine the ability of observers to detect changes in
scene. These results support the idea that observers never form a an image made during a saccade (e.g., Bridgeman, Hendry, & Stark,
complete. detailed representation of their surroundings. In addition. 1975; Grimes, 1996; McConkie & Zola, 1-979). A variety of stimuli
the results indicate that attention is required to perceive change. and were tested, ranging from arrays of letters to images of real-world
that in the ab:l"ence of localized motion signals. attention is guided on scenes. In all cases, observers were found to be quite poor at detecting
the basis of high-level interest. change, with detection good o!:lly for Ii change in the saccade target

- (Currie, McConkie. Carlson-Radvansky, & Irwin, 1995).
Although people must look in order to see, looking by itself is not Although blindness to saccade-contingent change has been attrib-

enough. For example, a person who turns his or her eyes toward a bird uted to saccade-specific mechanisms, the blurring of the retinal image
singing in a tree will often fail to see it right away, "latching onto" during the saccade also masks the transient motion signals that nor-
it only after some effort. This also holds true for objects in plain view: mally accompany an image change. Because transients playa large
A driver whose mind wanders can often miss important road signs, role in drawing attention (e.g., Klein, Kingstone. & Pontefract, 1992;
even when these are highly visible. In both situations, the information Posner, 1980), saccade-contingent change blindness may not be due to
needed for perception is available to the observer. Something, how- saccade-specific mechanisms, but rather may originate from a failure
ever, prevents the observer from using this information to see the new to allocate attention correctly. The blindness to changes in briefly
objects that have entered the field of view. presented displays may have a similar cause: In those experiments,

In this article, we argue that the I key factor is attention. In par- detection was not completely at chance, but instead was at a level
ticular, we propose that the visual perception of change in a scene corresponding to a monitoring of four to five randomly selected items,
occurs only when focused attention is given to the part being changed. a value similar to the number of items that can be attended simulta-
In support of this position, we show that when the low-level cues that neously (Pashler, 1987; Pylyshyn & Storm. 1988; Wolfe, Cave, &

draw attention are swamped, large changes in images of real-world Franzel, 1989).
scenes become extremely difficult to identify, even if these changes In order to examine whether both types of change blindness might
are repeated dozens of times and observers have been told to expect be due to the same attentional mechanism. and whether this mecha-
them. Changes are easily identified, however, when a valid verbal cue nism might also lead to change blindness under more normal view~ng
is given, indicating that stimulus visibility is not reduced. Changes are conditions, we developed a flicker paradigm. In this paradigm, an
also easily identified when made to objects considered to be important original image A repeatedly alternates with a modified image A', with
in the scene. Taken together, these results indicate that-even when brief blank fields placed between successive images (Fig. I). Differ-
sufficient viewing time has been given-an observer does not build up ences between the original and modified images can be of any size
a representation of a scene that allows him or her to perceive change and type. (In the experiments presented here, the changes were chosen
automatically. Rather, perception of change is mediated through a to be highly visible.) The observer freely views the flickering display
narrow attentional bottleneck, with attention attracted to various parts and hits a key when the change is perceived. To prevent guessing, we
of a scene based on high-level interest. ask the observer to report the type of change and describe the part of

The phenomenon of induced change blindness has previously been the scene that was changing.
encountered in two rather different experimental paradigms. The first, This paradigm allows the IS! manipulations of the brief-display
concerned with visual memory, was used to investigate the detection techniques to be combined with the free-viewing conditions and per-
of change in briefly presented arrays of simple figures or letters i e.g., ceptual criteria of the saccade-contingent methods. And because the

stimuli are available for long stretches of time and no eye movements
Address correspondence to R.A. Rensink, Cambridge Basic Research, Nis- are required, the paradi~m also provides. the best op~ortunity pos.si~le

san Research & Development, Inc., 4 Cambridge Center, Cambridge, MA for an observer to build a representation conducive to perceiving

02142-1494; e-mail: rensink@pathfinder.cbr.com. Movies providing examples changes in a scene. The change blindness found with the brief-display
of the effects described in this article are available arthe World Wide Web site techniques might have been caused by insufficient time to build an

http://pathfinder.cbr.com/projects. adequate representation of the scene; saccade-contingent change
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Cycle continues for 60 s

or until observer
responds -

Fig. 1. General design of the flicker paradigm. Trials began with a 3-s gray field containing a white rectangle (in which a word appeared when
a cue was used). This was followed by a I-s gray field, followed by a flicker sequence that continued until the obsen.er responded or 60 shad
elapsed. In the example here, original image A (statue with background wall) and modified image A' (statue with wall removed) are displayed
in the order A, A, A', A', . . . , with gray fields between successive images.

blindness might have been caused by disruptions due to eye move- or area in each. To test for the influence of higher level factors, we
ments. Both of these factors are eliminated in the flicker paradigm, so divided changes further according to the degree of interest in the part
that if they were indeed the cause of the difficulties in the other of the scene being changed. Interest was determined via an indepen-
paradigms, perception of change in the flicker paradigm should be dent experiment in \vhich five naive observers provided a brief verbal
easy. But if attention is the key factor, a different outcome would be description of each scene: Central interests (CIs) were defined as
expected. The flicker caused by the blank fields would swamp the objects or areas mentioned by three or more observers; marginal
local motion signals due to the image change, preventing attention interests (MIs) were objects or areas mentioned by none. The average
from being drawn to its location. Observers would then fail to see changes in intensity and color were similar for the MIs and the CIs,
large changes under conditions of extended free viewing, even when but the areas of the MI changes (average = 22 sq. deg) were some-
these changes were not synchronized to saccades. what larger than the areas of the CI changes (average = 18 sq. deg).

In all cases. changes were quite large and easy to see once noticed. For
GENERAL METHOD example. a prominent object could. ap~ear a~~ disappear, switch its

color between blue and red, or shift Its position by a few degrees
In the experiments reported here, flicker sequences were usually (Fig. 2).

composed of an original image A and modified version A I displayed Ten naive obsen.ers participated in each experiment. They were

in the sequence A, A, A', A', ..., with gray blank fields placed instructed to press a key when they saw the change, and then to
between successive images (Fig. I). Each image was displayed for describe it verbally. Before each experiment, observers were told of
240 ms and each blank for 80 ms. Note that each image was presented the types of change possible, and were given six practice trials (two
twice before being switched. This procedure created a degree of tem- examples of each type) to familiarize themselves with the task. Images
poral uncertainty as to when the change was being made, and also were presented in random order for each subject. The dependent vari-
allowed for a wider range of experimental manipulation. able was the average number of alternations (proportional to the re-

All the experiments used the same set of 48 color images of real- action time) needed to see the change. Averages \...ere taken only from
world scenes. Images were 27° wide and 18° high. A single change- correct responses (i.e., responses in \vhich the observer correctly iden-
in color, location, or presence versus absence-was made to an object tified both the type of change occurring and the object or area being
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requiring an average of 17.1 alternations (10.9 s) before being iden-
~ - tjfied; indeed, for some images,. observers required more than 80

alternations (50 s) fo identify a change that was obvious once noticed.
Changes in CIs were noticed much more quickly, after an average of
7..3 alternations (4.7 s). Because discriminabilitywas not equated for
the three different types of change, performance between them cannot
be compal:ed. However, within each type of change, perception of MI
changes took significantly longerlhan perception of CI changes (p <
.001 for presence vs. absence; p < .05 for color; p < ,001 for location),
even though MI changes were on average more than 20% larger in
area.

To confirm that the changes in the pictures were indeed easy to see
(s) Change in marginal interest (MI) when flicker was absent, the experiment was repeated with the blanks

in the displays removed. A completely different pattern of results
emerged: Identification required only 1.4 alternations (0.9 s) on av-
erage, showing that observers noticed the changes quickly. No sig-
nificant differences were found between MIs and CIs for any type of
change, and no significant differences were found between types of

- change (p > .3 for all comparisons).

EXPERIMENT 2

One explanation for the poor performance found in Experiment 1
might be that old and new scene descriptions could not be compared
because of time limitations. Although the blanks- between images
lasted only 80 ms-well within the 300-ms duration of iconic memory
(e.g., Irwin, 1991; Sperling, 1960)-it has been shown that approxi- I

(b) Change in central interest (CI) mately 400 ms are needed to process and consolidate an image in II

memory (Potter, 1976), The images in Experiment I were displayed I

for only 240 ms, which may have interfered with consolidation, and
Fig. 2. Examples of changes in scenes. Original and modified images thus with the ability to compare successive imaoes.
alternated every 640, ':I1s. A change, i.n a mar~inal interest is}llustrated In Experiment 2, therefore, the blanks betw:en pairs of identical
by the changed posItion of the rallmg behmd the people m (a). AI. . ..' " . .
th h th ' I ' . ' I d . I t ' h ' t" I (3°) Images were filled In by replacing them with an 80-ms presenta-

oug e ral Ing IS easl y seen, an Its oca Ion SIt IS arge , an. .. ", .' .
average of 16.2 alternations (10.4 s) was required for identification. A ~Ion of the surrounding Images. Thus, Instead of presentmg e~ch
ch.lnge in a central interest is illustrated by the changed position of the Image for 240 ms, followed by a blank for 80 ms, and then presentmg i
helicopter in (b). Although the change in location IS roughly the same it again for another 240 ms, we presented images without interruption Ii

as in (a), and the size and contrast of the items changed are compa- for 560 ms (240 + 80 + 240) at a time. Because the blanks between the "

rabIe, identification of the change in (b) required on average only 4.0 original and modified images were kept, original image A and modi-
alternations (2.6 s), fied image A' were now presented in the sequence A, A', A, A' . . . ,

with changes continuing to be made at the same rate as before. If
memory processing were the limiting factor, the longer display of the I

changed). As might be expected given the large changes, identifica- images in this experiment should have allowed consolidation to take
tion error rates were low, averaging only 1.2% across the experiments. place, and so caused the changes to be much more easily seen,

The results (Fig. 3b), however, show that this did not occur, Al-
EXPERIMENT 1 though there was a slight speedup for MI changes, this was not large;

Experiment 1 examined whether the basic flicker paradigm could indeed, re~po~se times ~or MIs and CIs for all three ki~ds of c~ange
indeed induce change blindness. Images were displayed for 240 ms were not slgmficantly different from their counterparts m Expen~ent
and blanks for 80 ms, with images repeated before being switched 1. Note that these r~sul~s also .show th~t the temporal uncertainty
(Fig. I), If insufficient viewing time were the reason for the change caused by the repeatl~g Im~ges ~n Expenme~t 1 does not affect per-
blindness found in the brief-display experiments, we expected formance greatly: Pairs of Identical. 240-.ms Images separated by 80
changes in this experiment to be seen within at most a few seconds of ms have much the same effect as a single Image presented for 560 ms.

viewing.. If saccade-specific mechanisms were responsible for the
change blindness found in the saccade experiments, we expected EXPERIMENT 3

changes in this experiment to be easy to see simply by keeping the Another possible explanation for the occurrence of change blind-
e~es still. But if the failures to detect change in the previous para- ness under flicker conditions is that the flicker reduces the visibility of
dlgms were due to an attentional mechanism, we expected changes the items in the image to the point where they simply become difficult
under these flicker conditions to take a long time to see, to see. To examine this possibility, in Experiment 3 we repeated

. The resul~s. of Experimen~ 1 (Fig, 3a) show a striking effect: Under Experiment I, but with a verbal cue (single word or word pair) placed
flicker cond.ltlons, changes In MIs were extremely difficult to see, in a white rectangle for 3 s at the beginning of each trial. Two different

370 ~" """"'" YOLo 8, NO.5, SEPTEMBER 1997 ~



PSYCHOLOGICAL SCIENCE

- - -

Ronald A. Rensink, J.-Kevin O'RegaQ, and James J. Clark

20 . Central interest (CI)
~ 15 D Marginal interest (MI)
0
~ 1 0 ,~ No-blank conditions
E
Q)~ 5 ., -

0 c~c~~. " '~':':;- -

Presence/ Color Location
Absence Change Change

(a) - Standard flicker condition
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(b) - Extended display duration

20 l~j'N ' A . Central interest (CI)
'_1.~ 15 0 Marginal interest (MI)

0~ 1 0 ~ Standard conditions
c:
~ 5 m~f\V¥ ::::

0 :::; I
valid(100) valid(50) no cue invalid(50)

(c) - Effects of cue validity

Fig. 3. Identification of change under flicker conditions. Error bars indicate one standard error; the shaded areas surrounding the dashed lines
indicate the standard errors of comparison conditions. Results under the basic conditions of Experiment I are sho\vn in (a). The dashed line
indicates baseline performance when no blanks are present. The effect of longer image duration is shown in (b). The dashed lines indicate the
results of Experiment I. The effects of verbal cues are shown in (c). Valid cues were presented on 100% and 50~ of the trials in the completely
and partially valid cue conditions, respectively. These cues are referred to as "valid(IOO)" and "valid(50)" in the graph. Invalid cues were
presented on 50% of the trials in the partially valid condition. These cues are referred to as "invalid(50)" in the graph.

cuing conditions were used. In the partially valid condition, cues were As Figure 3c shows, valid cues always caused identification of
divided equally into valid cues (naming the part of the scene changed) both MI and CI changes to be greatly sped up. This speedup was
and invalid cues (naming some other part). In the completely valid significant for both the partially valid condition (p < .001 for MI; p <
condition, cues were always valid. If visibility is indeed the limiting .03 for CI) and the completely valid condition (p < .001 for both MI
factor, no large effect of cuing should have occurred-the target and CI). Indeed, in the completely valid condition, the difference in
would simply remain difficult to find. Otherwi~e, performance should response times for MIs and CIs declined to the point where it was no
have been greatly sped up by valid cues, and relatively unaffected (or longer significant. Note that this latter result indicates that the faster
even slowed down) by invalid ones. performance for CIs in Experiment 1 is unlikely to be due to the
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simple salience of their features: Such a near-equality of search times images in which the original and the shifted object were both present
would hardly be expected if the Cts contained features salient enough side by side). In any event, it appears that much-if not all-of the
to preferentially catch the attention of observers. blindness to saccade-continge-nt change is simply due to the disruption

In contrast to valid cues, invalid cues caus~d a slight slowdown in of the retinal image during a saccade, which causes swamping of the
performance (although this was not found to be significant). Taken local motion signals that would normally draw attention. A similar
together, then, these results show that observers could readily locate a explanation can also account fQr the change blindness encountered in
cued target under flicker conditions, thereby demonstrating that vis- the brief-display studies, suggesting that a common framework may
ibility was not a limiting factor. encompass both of these effects.

- - The results presented her~ are also related to studies finding

GENERAL DISCUSSION (Mack, Tang, Tuma, Kahn, & Rock, 1992; Neisser & Becklen, 1975;

The preceding experiments show that under flicker conditions, Rock, Linnett, Grant, & Mack, 1992) that attention is required to
observers can take a surprisingly long time to perceive large changes explicitly perceive a stimulus in the visual field. In those studies,
in images of real-world scenes, This difficulty IS due neither to a observers giving their complete attention to particular objects or
disruption of the information received nor to a disruption of its -stor- events in a scene became "blind" to other. irrelevant objects. This
age. It does, however, depend greatly on the significance of the part effect required that observers not suspect that the irrelevant objects
of the scene being changed, with identification being faster for struc- would be tested, for even a small amount of (distributed) attention
tures of central interest than for those of marginal interest. would cause these objects to be perceived, The present results are

We therefore make the following proposal: more robust, in that blindness occurred even when observers knew
, . " that changes would be made, and so could distribute their attention. Visual perception of change In an object occurs only when that th t" .f . Id h I Th I h h d. 'bb. . . f d ' , over e en Ire picture array I It wou e p, us, a t oug Istn-

0 ~ect IS given ocuse attention, d . I f, .1. h . f b.ute attention apparent y aci Itates t e perception 0 0 ~ect presence,
. In the absence of focused attention, the contents of visual memory It does not facilitate the perception of change. Presumably, distributed II

are simply overwritten (i.e., replaced) by subsequent stimuli, and so attention is not sufficient to move a structure from visual memory into
cannot be used to make comparisons. the more durable store that would allow- the perception of change to

Although it is not yet possible to specify the detailed operation of the take place: . , , ,
attentional mechanisms involved, it is likely that the allocation of In addition to proposing that attended Ilems are entered Into a
attention causes the relevant structures to form object files (Kahne- relatively stable store, we propose Ihat unatlended items are overwril-
man, Treisman, & Gibbs, 1992), or at least lets Ihem be enlered into ten by new stimuli that subsequently appear in their 10c;1tion. This
a relatively durable store, such as visual short-term memory (e.g., latter point is based on the finding that change blindness occurs even
Coltheart, 1980; Irwin, 199 I.; Sperling, 1960), so that comparisons can when images are separated by an ISI of only 80 ms, a time well within
be made. the 300-ms limit of iconic memory; if no such replacement took place,

In this view, all the effects encountered in these experiments can observers could simply have used the superposed images of original
Ibe traced back to the allocation of attention, which is either "pulled" and shifted objects to find positional shifts. Such a replacement of

by transient motions or "pushed" by volitional control (e.g., Klein et unattended items has been proposed to explain metacontrast masking
al., 1992; Posner, 1980). Under normal conditions, the motion signals (Enns & DiLollo, 1997), and it is possible that the same mechanism
resulting from a change draw attention to its location and so allow the is involved in the change blindness we observed. In any event, this
observer to perceive it. When these signals are delocalized by flicker, mechanism implies that two rather different fates await items in visual
their influence is effectively removed; attention is then directed en- memory: Attended items are loaded into a durable store and are per-
tirely by static low-level properties such as feature gradients (Noth- ceived to undergo transformation whenever they are changed, whereas
durft, 1992) and high-level volition. If there are no distinct low- or unattended items are simply replaced by the arrival of new items, with
high-level cues (true of most stimuli we used), detection of change no awareness that replacement has occurred.
will require a slow, item-by-item scan of the entire image, giving rise Final.ly, the work presented here also suggests a tighter connection
to long identification times. The faster identification of CI than MI between attention and scene perception. Recall that the valid cues in
changes-despite the smaller area of the CI changes-would result Experiment 3 caused performance to be greatly sped up. It could be
from the attraction of attention via the high-level interest of CI ob- argued that looking for change induces a coding strategy quite differ-
jects. ent from that of normal viewing; for example, when observers search

If this view is correct, it points toward tighter connections between for a cued object, attention might be more fully engaged and so might
lines of research in four rather different areas of vision: eye move- "weld" visual representations into a form more suitable for detecting
ments, visual attention, visual memory, and scene perception. For change. But the invalid cues did not help at all, showing that atten-
example, the failure to find representations capable of providing au- tional scanning of this kind does not by itself cause any increase in
tomatic detection of change supports the view of eye movement re- speed.
searchers (e.g., Bridgeman et al., 1975; Irwin, 1991; McConkie & This result indicates that perception of change is not helped by a
Zola, 1979) that there simply is no spatiotopic buffer where successive person's having attended to an object at some point in its past. Rather,
fixations are added, compared.. or otherwise combined. Note that al- the perception of change can occur only during the time that the object
though our experiments did not explicitly address the issue of image is being attended (or at least during the time it is held in the limited-
addition (superposition), the difficulty in detecting positional shifts capacity durable store). After attention is removed, the perception of
suggests that such s\lperposition is unlikely; otherwise, observers change vanishes, and any previously attended items again become
could simply have looked for instances of doubled structures (i.e., susceptible to replacement. A similar "evaporation" of attentional
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effect has been found in visual search, in which feature conjunctions Biedennan, I.. Mezzanotte, R.J.. & Rabinowitz. J.C. (1982). Scene perception: Detecting
appear to obtain no benefit from havin g been Previousl y attended and judging objects undergoing relational violations. Cognitive PS)'chology, 14.

143-177.
(Wolfe, 1996). Thus, just as the detailed-perception of a scene is . .-. .. . . . . . Bndgeman. B., Hendry, D., & Stark. L. (1975). F~llure to detect displacements of the
medIated by a rapIdly shIftIng fovea of lImIted area, so IS It also visual world during saccadic eye movements. Vision Research. 15. 719'-722.
mediated by a rapidly shifting attentional mechanism_limited in the Coltheart. M. (1980). Iconic memory and visible persistence. Perceptian & Psychophys-
number of items it can handle at anyone time. ics. 27, 183-228.

The limited capacity of this mechanism requires that it be used Currie. C.. McConkie. G.w., Carlson-Radvansky. L.~.. & iNin, D.E. (1995). Mcuntain-
effectively if a scene is to be perceived quickly. But how can ~ppro- ing vis~al stability .across saccades: Role 01 the saccade targ~t object (Technical

.. .. . Report No. UIUC-BI-HPP-95-01). Champaign: Beckman InstItute, University -of
pnate guIdance be gIven If the scene has not yet been recognIzed? Illinois.
Previous work has shown t_hat the gist of a scene can be determined Dennett, D.C:-(I99I). Consciousness explained. Boston: Little. Brown and Co.
within 100 to 150 ms (Biederman, Mezzanotte, & Rabinowitz, 1982; Enns. J.T., & DiLallo. V. (1997). Object substi;ution: Anew f~nn of masking in unat-
Intraub, 1981; Potter, 1976); it may well be that the gist includes a tended visual locations. Psychological Science 8. 135-139.
description of the most interesting aspects, which are then used to Friedman. A. (1979). Framing pictures: The role of knowledge in automatized encoding
guide attention. By measuring the relative speed of perceiving and memory for gist. Journal of Experimental PS)'cholog)': General. 108. 316-355.
changes to various parts of a scene, researchers might be able to Grimes. J. (1996). O~the failure to detect.cha.nges in s~enes a.cross saccades. In K. Akins. . . . - (Ed.), PerceptIon (Vancouver Studies In Cogrnttve ScIence. Vol. 5. pp. 89-109).
determIne the order m whIch attention VISItS the constItuent objects New York: Oxford University Press.
and regions. The resultant "attentional scan path" may prove to be an Intraub, H. (1981). Rapid conceptual identification of sequentially presented pictures.
interesting new tool in the study of scene perception, providing a Journal of Experimental Psychology: Human Perception and Perfonnanc'e. 7. 604-
useful complement to techniques that study eye movements and 610.
memory for objects as a function of how well they fit the gist of a Irwin, D.E. (1991): Infonnation integration across saccadic eye movements. Cognitive
scene (e.g., Friedman, 1979~ Loftus & Mackworth, 1978). Further- Psychology. 23. 420-456.

. . . Kahneman, D., Treisman, A., & Gibbs, B. (1992). The revie"ing of object files: Object-
more, the correlatIon we found between reactIon tIme and degree of specific integration of infonnation. Cognit;,'e Psycholog.v, 2-1. 175-219.

interest (as derived from written descriptions) opens up another in- Klein. R., Kingstone, A., & Pontefract, A. (1992). Orienting of visual attention. In K.
teresting possibility, namely, that the flicker paradigm can be adapted Rayner (Ed.), E)'e movements and visual cognition: Scene perception and reading
to determine what nonverbal observers (e.g., animals and young chil- (pp. 46-65). New York: Springer.
dren) find interesting in the world. Loftus. G.R.. & Mackworth, N.H. (1978). Cognitive determinants of fixation location

Wh I I k bIb . t th t . t during picture viewing. Journal of Experimental Psvchologl: Human Perceptiony can peop e 00 at ut not a ways see 0 ~ec s a come m 0 and Perfonnance. 4, 547-552. .

their field of view? The evidence presented here indicates that the key Mack. A., Tang, B., Tuma, R.. Kahn, S., & Rock, I. (1992). Perceptual organization and
factor is attention, without which observers are blind to change. The attention. Cognitive Ps)'chology. 24. 475-501.
fact that attention can be concurrently allocated to only a few items McConkie, G.W., & Zola, D. (1979). Is visual information integrated across successive
(e.g., Pashler, 1987; Pylyshyn & Storm, 1988; Wolfe et al., 1989) fixations in reading? Perception & Ps.vchoph.vsics. 25. 221-224.
implies that only a few changes can be perceived at any time. Al- Neisser, U., & Becklen, R. (1975). Selective looking: Attending to visually significant

. ., . events. Cognitive Psychologv. 7. 480-494.
though such a low-capacity mechanIsm mIght seem to be rather Ilm- '. . . . .. .. . . .. . Nothdurft, H.C. (1992). Feature analysis and the role of slmllanty In pre-attentIve VISIon.
Itmg, thIs need not be the case: If It can swItch quIckly enough so that Perception & Psychoph.vsics, 52. 355-375.
objects and events can be analyzed whenever needed, little is gained O'Regan, J.K. (1992). Solving the "real" mysteries of visual perception: The world as an
by the simultaneous representation of all their details (Ballard, Hay- outside memory. Canadian Journal of Psychology. 46. 461-488.
hoe, & Whitehead. 1992; Dennett, 1991; O'Regan, 1992; Stroud, Pashler. H. (1987). Detecting conjunctions of color and fonn: Reassessing the serial
1955). Thus, given that attention is normally drawn to any change in search hypothesis. Perception & Psychoph.vsics. 41, 191-201.
a scene and is also attracted to those Parts most relevant for the task Pashler. H. (1988). Familiarity and visual change detection. Perception & Psy.:hoph.vsics.

44. 369-378.
at hand, the subjective. impression of an observer will generally be of Ph' II ' W A (1974) 0 h d " . b d h -t . I. . ... . I IpS. .. . n t e Isttnctton etween sensory storage an s 0.,- erm vlsua
a nchly detaIled enVIronment, wIth accurate representatIon of those memory. Perception & Psychophysics. 16, 283-290.
aspects of greatest importance. It is only when low-level transients are Posner. M.I. (1980). Orienting of attention. Quarteri.v Journal of E.Tperimental Ps.vchol-
masked or are disregarded because of inappropriate high-level control ogy. 32, 3-25.
that the management of this dynamic representation breaks down, Potter. M.C. (1976). Short-tenn c~nceptual memory for pictures. Jol,rnal of Experimental

. . 1 . I b Psychology: Human Learnmg and Memo')'. 2. 509-522.
causIng ItS re atlve y sparse nature to ecome apparent.

Pylyshyn, Z. W., & Storm, R.W. (1988). Tracking multiple independent targets: Evidence
for a parallel tracking mechanism. Spatial Vision, 3. 179-197.

Acknowledgments-The authors would like to thank Jack Beusmans, Rock. I., Linnett, C., Grant, P.. & Mack, A. (1992). Perception without attention: Results
Jody Culham. Andy Liu. Ken Nakayama. Whitman Richards, Nava Rubin, of a new method. Cognitive Psycholog.v. 24, 502-534.

and Jeremy Wolfe for their comments on an earlier draft. Also, thanks to Sperling, G. (1960). The infonnation available in brief visual presentations. Psychological

Ylada Aginsky and Monica Strauss for their help in running the experi- Monographs, 74. 1-29.

ments. Stroud, J.M. (1955). The fine structure of psychological time. In H. Quastler (Ed.),

Infonnation theory in psychology: Problems and methods (pp. 174-207). Glencoe,
IL: Free Press.

Wolfe, J.M. (1996). Post-attentive vision.ln,'estigatil'e Ophthalmology & Visual Science,

REFERENCES 37,214.
Wolfe, J.M., Cave, K.R., & Franzel, S.L. (1989). Guided search: An alternative to the

. ... feature integration model for visual search. Journal of Experimental Psychology:
Ballard, D.H., Hayhoe, M.M., & Whttehead. S.D. (1992). Hand-eye coordInatIon dunng Human Perception and Perfornlance 15 419-433.sequential tasks. Philosophical Transactions of the Royal Society of London B, 337, ' .

331-339. (RECEIVED 4/13/96; REVISION ACCEPfED 11/13/96)

YOLo 8, NO.5, SEPTEMBER 1997 373

I


