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I. Overview 

a. Search for conjunctions of highly discriminable features can be rapid and parallel
b. Verify three possible accounts; perceptual segregation, conjunction detectors, and feature inhibition 
II. Introduction
a. It has been reported that search for conjunction targets must be serial (e.g. Treisman & Gelade (1980): search for conjunction targets gave linear functions relating latency to the number of items in the display, suggesting a serial check of each distractor in turn)
b. However, Nakayama and Silverman (1986) found parallel search functions for color-motion conjunctions
c. The purpose of this study is to explore conditions that allow parallel detection of conjunction targets and to find any accounts that could reconcile the conflicting results 
III. The Segregation Hypothesis

a. Special grouping mechanisms might be invoked to segregate the two sets of distractors, allowing selective attention to one set and single feature search within the selected set

b. For example, in a display of color-motion conjunctions, the items oscillating horizontally might segregate from those oscillating vertically. Within either plane, a target differing in color from the distractors should then pop out without any need for focused attention to each item in turn

c. Experiment 1: Perceptual grouping and Global Shape Recognition

i. Experimental design

· [image: image1.emf]The index of segregation: ease of access to the global shape of a perceptual group 
· Four dimensions were paired to form six conjunction conditions; motion, color, size, orientation (MC, MS, MO, CO, SO, CS)

· In the conjunction search task: display size- 4 (2x2), 9 (3x3), 16 (4x4)
· In the same-different matching task: the subjects’ task was to decide whether one set of four or five identical elements (in a 3 x 3) defined an area that matched a global gray pattern presented simultaneously beside them, or whether they differed
· Prediction: a correlation between the speed of matching (the gray shape to the area containing a particular set of distractors) and the speed of search for a conjunction target (among the same sets of distractors)
ii. Results

· Some conjunctions were clearly more difficult to detect than others

· Search for conjunction targets can be very rapid: all mean slopes were greater than zero, but the effects of display size were small

· Strong positive correlation (.92) across display types between the group slope (mean of positive and negative slopes) and the group mean latencies in the matching task

[image: image8.emf]
IV. The Conjunction Detector Hypothesis

a. Conjunction search is fast or even independent of display size (for certain pairs of dimensions), because there might exist a number of specialized detectors coding conjunctions of values as integral perceptual units

b. Predictions

i. From physiological evidences, conjunction involving orientation with size or motion should be more likely to give parallel search functions than color-motion conjunctions

ii. If the relevant conjunctions are directly sensed, there is no reason to expect consistent effects of the different component features on search rates
c. Experiment 2:Conjunction and Feature Search With Targets Defined by Color, Size, Orientation, and Motion
i. Experimental design
· Replication of the search conditions of experiment 1 with more subjects

· Testing the effects of different spatial distributions of the distractors (when distractors are spatially grouped into homogeneous clusters as – exp.1  vs. when spatial clusters are eliminated – exp.2)
· Homogeneous clusters were eliminated by spreading the display over a larger area or presenting in the usual area, but in a regular alternating checkerboard pattern (motion-color conjunctions)
ii. Results

· As search becomes easier, it is likely to be exhaustive

· The predictions from physiological “conjunction detectors” are not fulfilled; parallel slopes for MC and CS, not for MO and SO

· [image: image4.emf]Independence in the contributions of each component feature to the overall search rates; if there is interactions, any condition involving a feature that allowed effective segregation should have given equally flat slopes, regardless of the other features with which it was paired
· Additivity of feature effects on conjunction slopes: two features in each conjunction made independent and additive contributions to the slopes of the search functions (size 6.5ms; color 7.5ms; motion 15.0ms; orientation 21.5 ms)
[image: image2.emf]
d. Experiment 3: Search for Unknown Conjunction Targets

i. Prediction: if the conjunction distractors are familiar and highly discriminable, attention might filter them out, allowing the target to emerge as the only remaining element → search should not be affected by number of targets and the search rate should be same for conjunction targets whether its identity was known in advance or not
ii. Experimental design

· Four pairs of maximally contrasting three-dimensional distractors (SCM, SCO, CMO, SOM); distractors for each subject remained fixed 
· Subjects were asked to search for six targets, either without knowing which would appear or knowing what the target would be
iii. [image: image5.emf]Results

· The result rule out the hypothesis that rapid or parallel conjunction search can be mediate by parallel rejection of distractor conjunctions

· Differences between the search rates for different targets were much larger when the nature of the target is unknown
· When the target was unknown, there was a considerable increase on average in the intercept and the mean slopes 
V. The Feature Inhibition Hypothesis

a. Inhibiting both sets of distractors in relation to the target, controlling their salience through each of the two feature maps on which they differ from the target
b. [image: image6.emf]There could be a trade-off between the number of items to be searched when only on set is inhibited / between the number of feature maps when more that one set is inhibited

c. When the target is unknown? applying feature inhibition successively with different pairs of distractor feature maps and to see, for each pair, if any location remained unaffected; series of fishing expeditions

d. The model-predicted slopes matched will with the observed slopes
[image: image3.emf]
e. Wolfe et al.(1989): each of the target maps can activate the locations that contain their particular feature, producing double excitation at the location of the target

f. Experiment 4: Inhibition or Activation?

i. If inhibition is used, the task might become more difficult and costly the more different features are involved

ii. Experimental design

· Increasing number of distractor features; the inhibition strategy becomes less efficient

· [image: image7.emf]Making the added features more discriminable from the target; the activation strategy becomes more efficient 
· Search for the same conjunction target (a green bar at 27°) with two distractor types or with four distractor types (the same two distractor types + two others with less similar features)

iii. Results 

· Rejecting varied distractors is more difficult
· If selection depended on activating target features, the four feature displays should be searched as fast as the two-feature displays 
VI. General Discussion

a. Summary for results

i. Search for conjunction targets can be fast, and in some cases parallel, when the features are highly discriminable

ii. There was a strong correlation between the ease of conjunction search and the ease of segregating the same displays to allow the perception of global boundaries

iii. Each feature appeared to make an additive contribution to the time required to scan the display

iv. Known targets were found more quickly on average than unknown targets

v. It was more difficult to find a conjunction target among four different types of distractors than among two

b. Conjunction detector account is wrong because
i. The correspondence with physiological evidence is weak

ii. Subjects seem unable to find an unknown target by coding and rejecting two known distractor conjunctions in parallel

iii. The search rates showed additive contributions from each component features

iv. This account cannot explain the occurrence of illusory conjunctions

c. Segregation hypothesis is wrong because

i. Both features contribute independently to the search latencies; additivity of feature effects on the conjunction search functions

d. Feature inhibition hypothesis is most plausible with an assumption of a serial scan
i. Rather than removing just one set of distractors from the search process and searching the other set in parallel (segregation), feature inhibition could be generated in two or more feature maps coding nontarget features, thus reducing the activity in all distractor locations
ii. When the inhibition is incomplete, it is assumed that a serial scan is made through the master map of locations

iii. Why assuming a serial scan?

· The range of slopes varied with discriminability but remained linear
· Two-to-one slope ratios are generally obtained

