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A new hypothesis about the role of focused attention is proposed. The 
feature-integration theory of attention suggests that attention must be directed 
serially to each stimulus in a display whenever conjunctions of more than one 
separable feature are needed to characterize or distinguish the possible objects 
presented. A number of predictions were tested in a variety of paradigms includ- 
ing visual search, texture segregation, identification and localization, and using 
both separable dimensions (shape and color) and local elements or parts of figures 
(lines, curves, etc. in letters) as the features to be integrated into complex wholes. 
The results were in general consistent with the hypothesis. They offer a new set of 
criteria for distinguishing separable from integral features and a new rationale for 
predicting which tasks will show attention limits and which will not. 

When we open our eyes on a familiar scene, we form an immediate 
impression of recognizable objects, organized coherently in a spatial 
framework. Analysis of our experience into more elementary sensations 
is difficult, and appears subjectively to require an unusual type of per- 
ceptual activity. In contrast, the physiological evidence suggests that the 
visual scene is analyzed at an early stage by specialized populations of 
receptors that respond selectively to such properties as orientation, color, 
spatial frequency, or movement, and map these properties in different 
areas of the brain (Zeki, 1976). The controversy between analytic and 
synthetic theories of perception goes back many years: the As- 
sociationists asserted that the experience of complex wholes is built by 
combining more elementary sensations, while the Gestalt psychologists 
claimed that the whole precedes its parts, that we initially register unitary 
objects and relationships, and only later, if necessary, analyze these ob- 
jects into their component parts or properties. This view is still active now 
(e.g., Monahan & Lockhead, 1977; Neisser, 1976). 

The Gestalt belief surely conforms to the normal subjective experience 
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of perception. However the immediacy and directness of an impression 
are no guarantee that it reflects an early stage of information processing in 
the nervous system. It is logically possible that we become aware only of 
the final outcome of a complicated sequence of prior operations. "Top- 
down" processing may describe what we consciously experience; as a 
theory about perceptual coding it needs more objective support (Treis- 
man, 1979). 

We have recently proposed a new account of attention which assumes 
that features come first in perception (Treisman, Sykes, & Gelade, 1977). 
In our model, which we call the feature-integration theory of attention, 
features are registered early, automatically, and in parallel across the 
visual field, while objects are identified separately and only at a later 
stage, which requires focused attention. We assume that the visual scene 
is initially coded along a number of separable dimensions, such as color, 
orientation, spatial frequency, brightness, direction of movement. In 
order to recombine these separate representations and to ensure the cor- 
rect synthesis of features for each object in a complex display, stimulus 
locations are processed serially with focal attention. Any features which 
are present in the same central "fixation" of attention are combined to 
form a single object. Thus focal attention provides the "glue" which 
integrates the initially separable features into unitary objects. Once they 
have been correctly registered, the compound objects continue to be per- 
ceived and stored as such. However with memory decay or interference, 
the features may disintegrate and "float free" once more, or perhaps 
recombine to form "illusory conjunctions" (Treisman, 1977). 

We claim that, without focused attention, features cannot be related to 
each other. This poses a problem in explaining phenomenal experience. 
There seems to be no way we can consciously "perceive" an unattached 
shape without also giving it a color, size, brightness, and location. Yet 
unattended areas are not perceived as empty space. The integration 
theory therefore needs some clarification. Our claim is that attention is 
necessary for the correct perception of conjunctions, although unattended 
features are also conjoined prior to conscious perception. The top-down 
processing of unattended features is capable of utilizing past experience 
and contextual information. Even when attention is directed elsewhere, 
we are unlikely to see a blue sun in a yellow sky. However, in the absence 
of focused attention and of effective constraints on top-down processing, 
conjunctions of features could be formed on a random basis. These unat- 
tended couplings will give rise to "illusory conjunctions." 

There is both behavioral and physiological evidence for the idea that 
stimuli are initially analyzed along functionally separable dimensions, al- 
though not necessarily by physically distinct channels (Shepard, 1964; 
Garner, 1974; De Valois & De Valois, 1975). We will use the term "di- 
mension" to refer to the complete range of variation which is separately 
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analyzed by some functionally independent perceptual subsystem, and 
"feature" to refer to a particular value on a dimension. Thus color and 
orientation are dimensions; red and vertical are features on those dimen- 
sions. Perceptual dimensions do not correspond uniquely to distinct 
physical dimensions. Some relational aspects of physical attributes may 
be registered as basic features; for example we code intensity contrast 
rather than absolute intensity, and we may even directly sense such 
higher-order properties as symmetry or homogeneity. We cannot predict 
a priori what the elementary words of the perceptual language may be. 

The existence of particular perceptual dimensions should be inferred 
from empirical criteria, such as those proposed by Shepard and by 
Garner. This paper will suggest several new diagnostics for the separabil- 
ity of dimensions, which derive from the feature-integration theory of 
attention. In this theory, we assume that integral features are conjoined 
automatically, while separable features require attention for their integra- 
tion. Consequently, we can infer separability from a particular pattern of 
results in the preattentive and divided attention tasks to be described in 
this paper. 

We have stated the feature-integration hypothesis in an extreme form, 
which seemed to us initially quite implausible. It was important, there- 
fore, to vary the paradigms and the predictions as widely as possible, in 
order to maximize the gain from converging operations. We developed a 
number of different paradigms testing different predictions from the 
theory. Each experiment on its own might allow other interpretations, but 
the fact that all were derived as independent predictions from the same 
theory should allow them, if confirmed, to strengthen it more than any 
could individually. 

(I) Visual search. The visual search paradigm allows us to define a 
target either by its separate features or by their conjunction. If, as we 
assume, simple features can be detected in parallel with no attention 
limits, the search for targets defined by such features (e.g., red, or verti- 
cal) should be little affected by variations in the number of distractors in 
the display. Lateral interference and acuity limits should be the only 
factors tending to increase search times as display size is increased, 
perhaps by forcing serial eye fixations. In contrast, we assume that focal 
attention is necessary for the detection of targets that are defined by a 
conjunction of properties (e.g., a vertical red line in a background of 
horizontal red and vertical green lines). Such targets should therefore be 
found only after a serial scan of varying numbers of distractors. 

(2) Texture segregation. It seems likely that texture segregation and 
figure-ground grouping are preattentive, parallel processes. If so, they 
should be determined only by spatial discontinuities between groups of 
stimuli differing in separable features and not by discontinuities defined by 
conjunctions of features. 
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(3)  Illusory conjunctions. If focused attention to particular objects is 
prevented, either because time is too short or because attention is di- 
rected to other objects, the features of the unattended objects are "free 
floating" with respect to one another. This allows the possibility of incor- 
rect combinations of features when more than one unattended object is 
presented. Such "illusory conjunctions" have been reported. For exam- 
ple, the pitch and the loudness of dichotic tones are sometimes heard in 
the wrong combinations (Efron & Yund, 1974), and so are the distinctive 
features of dichotic syllables (Cutting, 1976). In vision, subjects some- 
times wrongly recombine the case and the content of visual words pre- 
sented successively in the same location (Lawrence, 1971). Treisman 
(1977) obtained a large number of false-positive errors in a successive 
same-different matching task when the shapes and colors of two target 
items were interchanged in the two test stimuli. Each such interchange 
also added a constant to the correct response times, suggesting that the 
conjunction of features was checked separately from the presence of 
those features. 

(4) Identity and location. Again, if focused attention is prevented, the 
features of unattended objects may be free floating spatially, as well as 
unrelated to one another. Thus we may detect the presence of critical 
features without knowing exactly where they are located, although we can 
certainly home in on them rapidly. Locating a feature would, on this 
hypothesis, be a separate operation from identifying it, and could logically 
follow instead of preceding identification. However, the theory predicts 
that this could not occur with conjunctions of features. If we have cor- 
rectly detected or identified a particular conjunction, we must first have 
located it in order to focus attention on it and integrate its features. Thus 
location must precede identification for conjunctions, but the two could 
be independent for features. 

(5) Interference from unattended stimuli. Unattended stimuli should be 
registered only at the feature level. The amount of interference or facilita- 
tion with an attended task that such stimuli can generate should therefore 
depend only on the features they comprise and should not be affected by 
the particular conjunctions in which those features occur. 

There is considerable evidence in speech perception that the meaning of 
unattended words can sometimes be registered without reaching con- 
scious awareness (e.g., Corteen & Wood, 1972; Lewis, 1970; MacKay, 
1973; Treisman, Squire, & Green, 1974). Since words are surely defined 
by conjunctions, the evidence of word-recognition without attention ap- 
pears to contradict our hypothesis. However, the data of these studies 
indicate that responses to primed and relevant words on the unattended 
channel occurred only on 5-30% of trials. It may be possible for a re- 
sponse occasionally to be triggered by one or more features of an ex- 
pected word, without requiring exact specification of how these features 
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are combined. One study has looked at false-positive responses to rele- 
vant words on un unattended channel (Forster & Govier, 1978). They 
found far more GSRs to words which sounded similar to the shock- 
associated word when these were presented on the unattended than on the 
attended channel. This suggests either incomplete analysis of unattended 
items or incomplete sensory data. 

These predictions identify two clusters of results, corresponding to the 
perception of separable features and of conjunctions. Separable features 
should be detectable by parallel search; they are expected to give rise to 
illusory conjunctions in the absence of attention; they can be identified 
without necessarily being located, and should mediate easy texture segre- 
gation; they can have behavioral effects even when unattended. Conjunc- 
tions, on the other hand, are expected to require serial search; they should 
have no effect on performance unless focally attended; they should yield 
highly correlated performance in the tasks of identification and location; 
they should prove quite ineffective in mediating texture segregation. Our 
aim was to test these predictions using two dimensions, form and color, 
which are likely, both on physiological and on behavioral grounds, to be 
separable. If the predictions are confirmed, we may be able to add our 
tests to Garner's criteria, to form a more complete behavioral syndrome 
diagnostic of separable or integral dimensions. Thus, if two physical 
properties are integral, they should function as a single feature in our 
paradigms, allowing parallel search, texture segregation, and detection 
without localization. If on the other hand, they are separable, their con- 
junctions will require focused attention for accurate perception, and its 
absence should result in illusory conjunctions. We may then use these 
paradigms to diagnose less clear-cut candidates for separability, such as 
the components of letters or schematic faces. 

The first three experiments are concerned with visual search; they 
compare color-shape conjunctions with disjunctive color and shape fea- 
tures as targets; they investigate the effects of practice and the role of 
feature discriminability in conjunction search, and test an alternative ac- 
count in terms of similarity relations. Experiment IV explores the possi- 
bility that local elements of compound shapes (e.g., letters) also function 
as separable features, requiring serial search when incorrect conjunctions 
could be formed. Experiments V, VI, and VII are concerned with texture 
segregation, using colored shapes and letters as texture elements. Ex- 
periments VIII and IX explore the relation between identification and 
spatial localization, for targets defined by a single feature or by a con- 
junction. 

EXPERIMENT l 
In an experiment reported earlier, Treisman et al. (1977) compared 

search for targets specified by a single feature ("pink" in "brown" and 
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"purple" distractors in one condition, "0" in "N" and "T" distractors 
in another) and for targets specified by a conjunction of features, a "pink 
0" (Opink, in distractors Oneen and Np&. The function relating search 
times to display size was flat or nonmonotonic when a single feature was 
sufficient to define the target, but increased linearly when a conjunction of 
features was required. Experiment I replicates this study with some 
changes in the design, to confirm and generalize the conclusions. The 
most important change was in the feature search condition: subjects were 
now asked to search concurrently for two targets, each defined by a 
different single feature: a color (blue) and a shape (S). Thus they were 
forced to attend to both dimensions in the feature condition as well as in 
the conjunction condition, although they had to check how the features 
were combined only when the target was a conjunction (T,,,,,). The dis- 
tractors were identical in the two conditions (X,,,, and Thrown), to ensure 
that differences between feature and conjunction search could not result 
from greater heterogeneity of the distractors in the conjunction condition. 
(This had been a possibility in the previous experiment.) 

Another question which has become important in evaluating 
information-processing hypotheses is how stably they apply across differ- 
ent stages of practice. Neisser, Novick, and Lazar (1963), Rabbitt (1967), 
and Shiffrin and Schneider (1977) have all shown qualitative changes in 
performance as subjects repeatedly perform a particular task. Search ap- 
pears to change from conscious, limited capacity, serial decision making 
to automatic, fast, and parallel detection. LaBerge (1973) studied the 
effects of practice on priming in a visual successive matching task. He 
found that familiarity with the stimuli eventually made matching indepen- 
dent of expectancy, and suggested that this was due to unitization of the 
features of highly familiar stimuli. We propose that feature unitization 
may account also for the change with practice from serial to parallel 
processing in a display, in conditions in which such a change occurs. Thus 
the development of new unitary detectors for what were previously con- 
junctions of features would free us from the constraints of focal attention 
to these features both in memory and in a physically present display. 
Experiment I explored the possibility that extended practice on a par- 
ticular shape-color conjunction (T,,,,,) could lead to a change from serial 
to parallel detection, which would suggest the possible emergence of a 
unitary "green T" detector. 

Method 
Stimuli. The stimulus displays were made by hand, using letter stencils and colored inks 

on white cards. The distractors were scattered over the card in positions which appeared 
random, although no systematic randomization procedure was used. Four different display 
sizes, consisting of 1 ,5 ,  15, and 30 items were used in each condition. An area subtending 14 
X 8" was used for all display sizes, so that the displays with fewer items were less densely 
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packed, but the average distance from the fovea was kept approximately constant. Each 
letter subtended 0.8 x 0.6". To ensure that the target locations did not vary systematically 
across conditions, the area of each card was divided into eight sections. This was done by 
superimposing a tracing of the two diagonals and an inner elliptical boundary, which sub- 
tended 8.5" x 5.5". For each condition and each display size, eight cards were made, one 
with a target randomly placed in each of the resulting eight areas (top outer, top inner, left 
outer, left inner, right outer, etc.). Another eight cards in each condition and display size 
contained no target. 

The distractors in both conditions were Thrown and X,,,,, in as near equal numbers on each 
card as possible. The target in the conjunction condition was T,,,,,; in the feature condition, 
it was either a blue letter or an S. The blue letter (Thlue or Xhlue) matched half the distractors 
in shape, and the S (Shruan or Sgreen) matched half the distractors in color. The fact that there 
were four possible disjunctive targets in the feature condition (although the definition 
specified only "blue or S"), should, if anything, impair performance relative to the conjunc- 
tion condition. 

Procedure. The stimulus cards were presented in an Electronics Development three- 
field tachistoscope and RT was recorded as described below. 

At the beginning of each trial, subjects viewed a plain white card in the tachistoscope, and 
each of their index fingers rested on a response key. The experimenter gave a verbal 
"Ready" signal and pressed a button to display a second white card bearing a central 
fixation spot, which remained in view for 1 sec and was then immediately replaced in the 
field of view by a card bearing a search array. Subjects were instructed to make a key press 
with the dominant hand if they detected a target and with the nondominant hand otherwise, 
and to respond as quickly as possible without making any errors. RT was recorded to the 
nearest millisecond on a digital timer [Advance Electronics, TCll] ,  which was triggered by 
the onset of the search array and stopped when a response key was pressed. Trials on which 
an error was made were repeated later in the testing session, and following each error a 
dummy trial was given, the results of which were not recorded. Subjects were told their RT 
and whether or not they were correct after each trial; they were not however informed of the 
dummy trials procedure, the purpose of which was to exclude slow posterror responses from 
the data. 

Each subject was tested both on conjunctions and on features in separate sessions fol- 
lowing an ABBAAB order. Half the subjects began with the feature targets and half with the 
conjunction targets. Six subjects did 3 blocks of 128 trials each in each condition, then two of 
these subjects volunteered to continue for another 4 blocks in the conjunction condition and 
two for another 10 blocks, making 13 altogether (a total of 1664 trials). The mean RTs for 
these two subjects on the first 3 blocks closely approximated the group means. 

Within each block the presentation order of positive and negative trials and of different 
display sizes was randomized; thus in each block the subject knew what the target or the two 
alternative targets were, but did not know what the array size would be on any given trial. 
Each block contained 16 positive and 16 negative trials for each display size. 

Subjects. The six subjects, four men and two women, were members of the Oxford 
Subject Panel, ages between 24 and 29. Three of them had previously taken part in the 
search experiment described in Treisman et al. (1977). 

Results 
Figure 1 shows the mean search times for the six subjects over the 

second and third blocks in each condition; the first block was treated as 
practice. Table 1 gives the details of linear regression analyses on these 
data. The results show that search time increased linearly with display 
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FIG. 1.  Search times in Experiment I .  

size in the conjunction condition, the linear component accounting for 
more than 99% of the variance due to display size. The ratio of the posi- 
tive to the negative slopes in the conjunction condition was 0.43, which is 
quite close to half. These results suggest that search is serial and self- 
terminating with a scanning rate of about 60 msec per item. The variances 
increased more steeply for positive than for negative trials, and for posi- 
tives the root mean square of the RTs increased linearly with display size 
as predicted for serial self-terminating search. 

With the feature targets, the results were very different. For the posi- 
tive displays, search times were hardly affected by the number of dis- 
tractors, the slopes averaging only 3.1 msec. Deviations from linearity 
were significant, and the linear component accounted for only 68% of the 
variance due to display size. For the negatives, the linear component 
accounted for 96% of the variance due to display size, and departures from 
linearity did not reach significance. The slope was, however, less than 
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TABLE 1 

Linear Regressions of Reaction Times on Display Size in Experiment I 
- - -  

Percentage variance with 
display size which 

Slope Intercept is due to linearity 

Positives 28.7 398 
Conjunction 

Negatives 67.1 3 97 

Feature Positives 3.1 448 
mean 

Negatives 25.1 5 14 

Feature 
color Positive 3.8 455 

Feature 
shape Positive 2.5 44 1 78.5 

" Cases where deviations from linearity are significant at p < .01. The positive shape fea- 
ture also deviates considerably from linearity, but the significance level here is only .08. 

half the slope for conjunction negatives. The ratio of positive to negative 
slopes with feature targets was only 0.12. In both conditions, all subjects 
showed the same pattern of results, with individuals varying mainly in the 
absolute values of slopes and intercepts. 

Errors in the feature condition averaged 2.2% false positives and 2.1% 
false negatives; for the conjunction condition there were 0.8% false posi- 
tives and 4.9% false negatives. There were no systematic effects of dis- 
play size on errors, except that false negatives in the conjunction condi- 
tion were higher for display size 30 than for 15,5, or 1 (8.2% compared to 
3.8%). The highest mean error rate for an individual subject was 5.5% in 
the conjunction condition and 3.5% in the feature condition. 

It is important to the theory that the difference between conjunction 
and feature conditions is present only when more than one stimulus is 
presented. The mean positive RT for display size 1 was 422 msec for the 
conjunction targets, compared to 426 msec for shape and 446 msec for 
color in the feature condition. The negatives with display size 1 were also 
faster in the conjunction than in the feature conditions, 473 msec com- 
pared to 500 msec. Thus the difficulty of search for conjunctions arises 
only when more than one stimulus is presented. 

The effects of practice on conjunction search are shown in Fig. 2. The 
positive slopes and intercepts decrease over the first 7 blocks and change 
little for the remaining 6 blocks. The negative slopes fluctuate across the 
first 9 blocks and stabilize at block 10. Both positive and negative slopes 
remained linear throughout: the proportion of the variance with display 
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FIG. 2. The effects of practice on the slope and intercept of the function relating search 
time to display size. (The dotted lines are the data for the four subjects who did 7 sessions 
and the solid lines for the two subjects who continued for 13 sessions.) 

size that was due to linearity was above 0.99 in every block except posi- 
tive blocks 3 and 12, when it was 0.98 and 0.97, respectively. Thus there is 
little indication of any change in the pattern of results and no sign of a 
switch from serial to parallel search over the 13 blocks of practice. The 
mean results for the two subjects who volunteered for this extensive 
practice were typical of the group as a whole on blocks 2 and 3 (negative 
and positive slopes of 67 and 31, respectively, compared to the group 
means of 67 and 29; intercepts 423 and 389 compared to 397 and 398). 
Discussion 

We suggested that focal attention, scanning successive locations se- 
rially, is the means by which the correct integration of features into mul- 
tidimensional percepts is ensured. When this integration is not required 
by the task, parallel detection of features should be possible. The results, 
especially on positive trials, fit these predictions well. Despite the major 
changes in the feature search condition between this experiment and the 
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earlier one (Treisman et al., 1977), the results are almost identical. The 
requirement to search for values on two different dimensions instead of 
one on each trial produced no qualitative and almost no quantitative 
change in performance; neither did the greater heterogeneity of the dis- 
tractors. In both experiments the display was apparently searched spa- 
tially in parallel whenever targets could be detected on the basis of a 
single feature, either color or shape. Another important difference be- 
tween the conjunction and the feature conditions is the difference in the 
relation between positive and negative displays. The slope for conjunction 
positives is about half the slope for the negatives, suggesting a serial 
self-terminating search. In the feature condition, however, the slope ratio 
is only 118, and the function is linear only for the negatives. This suggests 
that with single feature targets, a qualitatively different process may 
mediate the responses to positive and to negative displays. If the target is 
present, it is detected automatically; if it is not, subjects tend to scan the 
display, although they may not check item by item in the strictly serial 
way they do in conjunction search. 

Practice for up to 13 sessions on the same target and distractors pro- 
duced no qualitative changes in performance in conjunction search, no 
decrease in linearity, and no systematic decrease in either slope or inter- 
cept after about the seventh session. We had been interested in seeing 
whether practice could lead to unitization, in the sense of developing a 
special detector for the conjunction of green and "T," which could allow 
a change to parallel search. It is of course possible that longer practice, 
different stimuli, or a different training method could result in a change to 
parallel search. The present experiment, however suggests that unitiza- 
tion of color and shape is difficult and may be impossible to achieve. 
There may be built-in neural constraints on which dimensions can be 
unitized in this way. 

EXPERIMENT II 
The next experiment explores the relation between the discriminability 

of the features which define a conjunction and the speed of detecting that 
conjunction as a target in a display. If each item must be scanned serially 
in order to determine how its features are conjoined, it should be possible 
to change the slope relating search time to display size, by slowing the 
decision about the features composing each item. Thus by making the two 
shapes and the two colors in a conjunction search easier or harder to 
distinguish, we should be able to change the rate of scanning while re- 
taining the characteristic serial search pattern of linear slopes and the 211 
ratio of negative to positive slopes. We compared search for a conjunction 
target in distractors which were similar to each other (T,,,,, in X,,,,, and 
TM,,) and in distractors which differed maximally from each other (Ored in 




























































