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I. Introduction

a. Visual Search is defined as the ability to find one item in a visual world filled with other, distracting items

b. Humans search for targets in a visual world with relative ease.  However, the visual system is not capable of processing all information presented.  Two strategies for processing information are:
i. Discarding information.  Full detail is only processed at fovea, information in periphery is more coarsely sampled where receptors are spaced more widely, ganglion receptive fields are larger, and cortical representation of periphery is smaller

ii. Process information selectively.  Many visual functions can only be performed in a restricted part of the visual field at one moment.  Text cannot be read in two areas of the visual field at the same time.

1. Parallel processes may operate over large areas of the visual field.

2. Limited capacity processes are restricted in operation and must be processed serially from location to location.

iii. The system’s limited resources are under attentional control and are not used randomly.
II. Guided Search 2.0 Model and Simulation

a. Recent History

i. Early stages process all locations in parallel, but only extract limited information.  Information from early stages restricts limited resources to parts of visual field that most likely have items of interest.

ii. Later stages perform more complex tasks, but are limited to one or few spatial locations.

iii. Guided search is derived from:

1. Triesman’s feature integration model

2. Division of visual processes into preattentive and attentive processes (Nessier, 1967)

3. Hoffman’s two-stage model (Hoffman, 1978, 1979)

4. Conjunctions (Egeth, Virzi, & Garbart, 1984)

b. The Visual Search Paradigm

i. Subject searches for target item among distractor items

ii. Measurement method: Percent Correct: array of items presented, after some interval (ISI) a mask is presented.  Subject gives target present or target absent response.  Percent correct measured as a function of ISI

iii. Measurement Method: Reaction time measured as function of set size

1. When reaction time is independent of set size, suggests all items can be processed in parallel

2. When reaction time increases linearly as function of set size, suggests serial self-terminating search
3. Not definitive diagnostics for parallel vs serial processing

c. Guided Search Model

i. Feature Maps: input and initial processing assumed to be parallel.  Independent parallel representations of a limited set of basic visual features are formed into feature maps.  Proposed types of feature maps:

1. There may be maps for each basic feature; red, blue, green, etc.

2. There may be separate maps for each feature type; color, orientation…

3. Single, multi-dimensional map

4. Guided Search 2.0 follows second option of feature maps: separate maps for each feature type.

5. Parallel processing of basic features identifies locations worthy of further attention.  In GS2, there are differential activations of locations in feature maps.  Attention is more likely to be directed to locations with higher activation.

6. There are two components of activation: stimulus-driven bottom-up activation and user-driven top-down activation.
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d. Bottom-Up Activation

i. Strength of activation for one location based on differences between it and neighboring locations.  Does not depend on subjects’ knowledge of specific search task.

ii. Does not appear to be based on one-dimensional measurement (relative angle is not the only factor involved in bottom-up activation of orientation features)

iii. Features may be activated in categorical manner, particularly in orientation (vertical, flat, oblique, etc.)

iv. In simulation, bottom-up activation determined based on comparison to the item’s neighbors in a 5X5 array centered on the item.

v. Activation of an item increases as the difference between that item and other items increases.

vi. Activation of an item decreases as the distance between that item and other items decreases.
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e. Top-Down Activation
i. Needed to guide attention to a desired item if feature properties aren’t unusual

ii. Accomplished by selecting the output of one broadly tuned channel per feature (“red” for color, “shallow” for orientation, etc.)
i. Driven by a selection of the channel (within feature maps) that best discriminates among stimuli) (Summary by Jason Sherrill, 2006)

ii. Channel selection determined by rules:

a. More weight is given to unique categories

b. The weighted response of a channel to the target is compared with the average response of the channel to the distracters.  The channel with the greatest positive difference is selected.

iii. Properties matched are determined on a categorical basis.

f. Activation Map

i. For each feature module, it is like a pair of topographical maps with hills marking areas of higher bottom-up or top-down activation.
ii. Activation in all maps is combined to create an activation map

iii. Attention is directed first to areas of the activation map with highest activation

iv. In “parallel” visual search, the target item produces the highest level of activation, regardless of set size (RT*set size function slope near 0ms/item), which creates pop-out effect

v. Features of top-down vs bottom-up activation, and relative contributions of feature maps modulated by knowledge of task demands

vi. Search terminates when no target is found, or the subject is convinced no target is present (results in some false negatives)

vii. Search proceeds between items in order of decreasing activation

viii. Items below an activation threshold do not attract attention (search times out)
III. Guided Search as Signal Detection (2006 summary by Jason Sherrill):

a. On target trials, distracters will be examined if they exceed target activation

b. On blank trials, distracters will be examined if they exceed the activation threshold

c. Assumptions about variability:

i. Input to the activation map comes from “neurons” that carry signals and noise

ii. The noise in all “neurons” is normally distributed around the same mean

iii. Noise in one “neuron” is independent of noise in other “neurons”

iv. More salient stimuli producing larger activations will cause more “neurons” to become active

v. Final activation in activation map for a specific location is equal to average of all activated “neurons” at that location

d. Items are examined in serial, self-terminating manor: search stops when target is found

e. Simulated mean RT is 400+50N ms and SD is 25√N, where N is the set size
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f. Properties of the Preattentive Stage

i. Assymetry is a product of search: For example: prototype colors (red, blue, yellow) are features in a search.  A red target is harder to find among magenta distracters that all contain “redness”, than a magenta target that contains “blueness” is to find among red distracters.

ii. In orientation: 0 degree targets among 20 degree distracters (all with vertical features) are harder to find than 20 degree targets (with horizontal feature) among 0 degree distracters.

iii. Asymmetrical searches may also be found in conjunction searches: With yellow-green vertical and yellow tilted distracters, target trial slope is almost 3X as high to find yellow vertical target as yellow-green tilted target!  Top-down conjunction search is slower for a prototype than a deviation target.

IV. Guiding Attention: Comparing Experimental and Simulated Visual Search
a. Simulation of conjunction search produced less variability than in human subject data, although relatively shallow slopes were similar and average slopes were comparable (range differed)

b. Simulation produces greater variability for target trials than blank trials, real data show the opposite

c. Distractor ratios: 50/50 distribution of two distractor sets makes search more difficult because bottom-up information is not useful.  Simulation data using variable distractor ratios similar to human subjects data

d. Efficient searches and shallow slopes are found when strong guidance is available from parallel processes

e. Inefficient searches and steep slopes are found when guidance is weak or absent.  As similarity between target and distractor features increases, those parallel searches decrease in efficiency, eventually becoming serial.
f. If no parallel guidance is possible, search is serial and self-terminating, with slopes comparable to human subjects.

g. If search was truly self-terminating, then all blank trials would take the same time because they are exhaustive searches.  This is not the case.

h. There should be a speed-accuracy tradeoff when the activation threshold is adjusted, as seen in staircase parameter of the simulation model.
V. Conclusions:

a. Search is “parallel” for feature searches with large target-distractor differences

b. Feature search becomes less efficient as target-distractor difference decreases or distractors become more heterogenous

c. Efficiency of conjunction search declines as stimulus salience declines

d. In absence of basic feature information, search is “serial”

e. Slope ratios are near 2:1 for all tasks except those with slopes near 0

f. RT variance increases with set-size, and is greater for blank trials than target trials

