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Introduction
A popular approach to studying visual information processing: a display in which a target is embedded among a number of distractors.  It was thought that the interesting question was whether the search was serial or parallel, but researchers soon learned that a number of properties of the distractors were highly important, such as the similarity between the target and distractors.  Reaction time increases and accuracy decreases when the distractors are very similar to the target.  Researchers questioned to what extent distractors are processed, and hypothesized that there are a number of shared feature analyzers or detectors.

However, the nature of the search process and the effects of distracters is not resolved.  The authors argue it is time to try a new task, a baseline task, that measures the effect of noise on speed or accuracy in target identification when visual search is NOT required.  As of now, inferences about the effects of noise are confounded with assumptions as to how display searches are carried out.

There is strong evidence that when search is eliminated, distracters impair the processing of targets.  C. Eriksen and colleagues have shown this using a circular display in which an indicator line is presented at various intervals before the target letter and the remainder of the display appears.  Three major findings relevant to the visual search task have resulted from this type of display: 1) Attentional selectivity is unable to eliminate the effects of extraneous stimuli.  When an indicator is presented 400-500 ms before the target and the distracters to appear, the presence of the distracters delays RT to the target; 2) the spatial proximity of distracters to the target has a nonlinear effect upon the target RT.  Distractors that appear within ½ a degree of visual angle cause more impairment in RT than those further away—when separated by 1 degree of visual angle from the target, further separation makes little difference; 3) the effect of noise letters on target RT is on the response side as opposed to the processing side.  If distracters have the same prior learned response as the target letter but are physically different, little impairment in the RT to the target is found.  However, if the distracters require a response opposite to that of the target letter, a large impairment in RT is obtained.  The means the effect should be interpreted as response competition.  

These findings suggest that visual attention is not capable of infinitely fine selectivity.  Instead, there seems to be a minimal channel size in terms of capacity for simultaneous processing with a capacity exceeding that required for identifying a single letter.  Additionally, unnecessary capacity cannot be shut-off, thus distractor letters will be processing along with the target.  However, there is a limitation.  Only one letter can be vocalized at a time, and a lever can only be moved right or left, not both directions at once.  Thus, a selection process is necessary to determine which stimulus will evoke a response and which stimuli will be inhibited.  This selection and inhibition requires a finite period of time which influences the RT in target identification/detection.

This is how the spatial proximity effect can be accounted for.  When several letters are presented, the subject must determine which of the letter is in the indicated position (spatial discrimination).  Thus, small differences in stimuli require longer decision times.  
Experiment

Design


Visual search eliminated: target letter was always in the same location, ½ degree above the fixation point.  The subject was told to ignore all the letters in any other position, and only to respond when a letter appear in the target location.  Subjects had to press a lever to the right (or left) if the target letter was an H or a K and in the opposite direction if it was an S or a C.  There were two control conditions in which the target appeared alone. In the other conditions, the target was always flanked on either side by there distractors.  There were 5 distractor conditions.  1)  distractors identical to the target; 2) distracters same response as target- the target letter was flanked on either side by three repetitions of the letter that was the other member of the target set; 3) distracters other target set- target flanked by three occurrences of one of the letters of the opposite response set; 4) distracters similar to target- target flanked by letters having features similar to the target set determined by Gibson system; 5)  distracters dissimilar to target- target flanked by letters having features dissimilar to target set as determined by Gibson system and excluding the target set.
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Additionally, spacing of the distracters was manipulated.  There were three different spacing conditions: 1) .06 degrees of visual angle; 2) ½ degree of visual angle; 3) 1 degree of visual angle.  

Predictions


Longest RT when distracters are a repetition of a letter from opposite target set.  This is because if one or more of the distracters was processed along with the target, competing responses would be evoked, requiring inhibition as well as careful position verification.  There will be marked improvement in RT as spacing increases because discrimination will be easier.  


Little effect of spacing for identical and same response distractors conditions, if effect of distracters is due to competition for a single response channel.


If a portion of the effect of distracters on a target is due to the processing of the stimuli, then differences between the identical and same response distractors might be anticipated.  In terms of feature detectors, the identical distracters would be competing for the same feature detectors which may slow processing of the target.  Alternatively, the same distractor noise would be using different feature detectors, with some in common.  Thus, both conditions would require position verification, thus, both would show improvement in RT as spacing increases.

The authors were especially interested in distractor similar and distractor dissimilar conditions.  If letter recognition is based on feature-analysis, then we would expect longer RTs in the distractor-similar condition than the distractor-dissimilar condition.  Alternately, stimulus generalization would predict that similar features facilitate the response to the target, since the features of the distracters would elicit the same response as the target.  
Results
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Discussion


The data clearly show that even when visual search is not required, RT to a target is influenced by distracters.  Furthermore, the effect of the distracters is not at a gross level because the effect on RT is determined by the distracters response compatibility with the target—RT increases when the distracters would require the opposite response as the target.    This supports the hypothesis that effects of the distracters are due to response competition or interference, and that some of the distracters are being processed along with the target.  This also supports the hypothesis that there is a minimal degree to which we can restrict our visual attention, and that is more than the capacity required for processing a single letter.  

According to a limited-energy parallel processing model, the effect would be attributed to the distribution of the limited energy over a large number of stimulus elements with a reduction of the speed with which any single element is processed.  Thus, even when the distracters lead to the same response as the target, their presence would require some of the processing energy, slowing down the processing of the target.  This type of model has a harder time accounting for the spacing of the distracters.

The authors chose to interpret the spacing effect as the ease with which a subject can make a spatial or location discrimination.  If the subject is simultaneously processing the target and one or more of the distracters, then some type of inhibitory mechanism would be required, and must be dependent on the target’s location.  Pinpointing the target’s location is harder when the distracters are physically closer in space than when they are further apart.  

This hypothesis—that spacing effect reflects the ease of response selection—is supported by the difference between the two control conditions: target alone mixed versus target alone blocked.  In the mixed condition, the target appeared without noise but on unannounced trials in blocks in which all experimental conditions were represented.  In this case, it would be advantages to have inhibitory mechanisms engaged when a trial was initiated, whereas in the blocked condition subjects knew there would never be any distracters, thus, no inhibition would be required.  RT in the alone condition was about 30 ms faster than in the mixed condition.

How is common response facilitated?  Bamber (1969) proposed “identity detectors” based on the physical identity of two stimuli.  However, this data indicates that physical and functional identity are used.  Estes and colleagues have argued that the effects of distracters is due to competition between or an inhibition among feature analyzers.  This interpretation is plausible, but it is possible that submechanisms such as feature detectors playing a role on input processing which may be the basis for the stimulus generalization effects.  
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