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I.  Background:

Shift of attention (definition): “When an observer receives information from two or more distinct sources at once and is unable to process all of them, the observer may allocate processing capacity first to one source and then to another.” (p.180)

This paper focuses on shifting focal attention between two sources of visual input, using a Rapid serial visual presentation (RSVP) attention shift paradigm:

1.  Subject looks at central fixation point

2.  Stream of letters appear left of fixation

3.  Stream of numbers appear right of fixation

4.  Subject shifts attention between streams without making eye movements

A. Directing Attention to the Periphery

1. Observers can fixate on one location and direct attention to periphery.

2. Indicators of attention in current research include accuracy of target detection and speed of target detection.
B. Dynamics of Attention Shifts (cued target experiments)

1. Attention is directed to periphery with a preparatory cue- time taken to shift attention inferred by shortest facilitatory cue-to-target delay.

2. Attention shifts to near periphery at a rate of 8 degrees/sec.

3. Attention shifts can be independent of both overt eye movement and oculomotor preparation

4. These studies cannot separate time of attention shifts from persistence of targets in visual display/memory

C. Rapid Serial Visual Presentation
1. Controls visual persistence by presenting a stream of stimuli at the same spatial location.  New stimuli override preceding stimuli.

2. Systematic distortions of order have been found in prior studies, but not adequately explained:

a. Poor subject performance in identifying digits following a target digit (Scarborough and Sternberg, 1967)

b. 30-40% inaccuracy when identifying capitalized words, often identifying the one following the target (Lawrence, 1971)

3. This paper examines systematic distortion of order in attention shift to stream of numerals.

a. Further analysis of results from prior paper (Sperling & Reeves, 1980) show error patterns reflect systematic, but incorrect perceived error.
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A. Task (See Figure 1):

1. Subject looks at central fixation point and does not make eye movements

2. Stream of letters appear left of fixation, at fixed rate of 4.6 letters/second

3. Stream of numbers appear right of fixation, at variable rates

4. Subject monitors left stream for target (C, U, or outline square)

5. After target, subject reports first four numerals from numeral stream on right.

6. See Figure 1: Procedure for a typical trial.

7. Subjects self-initiated each trial.

8. Subjects not instructed to shift focus, but reported they were forced to by the task

9. Only trials where subjects responded with items from the first seven numerals presented (“critical set”) were analyzed.

10. Feedback: After each trial, subjects saw first six numerals from critical set, and were instructed to use the feedback to improve performance.

11. Conditions were randomized over blocks of 300 trials.

III. Results

A. Subjects most often reported numerals from a cluster of positions centered 400ms after target (range 200ms-600ms)

B. Order was better retained at slower numeral rates, and more randomized at higher stimulus rates.

C. Correctly ordered response pairs were near chance levels at the highest numeral rate, and increased to about 0.8 at the slowest numeral rate.

D. “Order in the response of numerals from well separated stimulus positions [was] confused more often than the order of numerals from only two positions apart” p.186

E. Subjects responded systematically in an order different from the stimulus order.  Although order of responses was near chance, the order was not random.  See figures 7-9.

F. Subjects were surprised by errors, and reported identifying numerals as they saw them.  This suggests numerals were held in visual short-term memory (VSTM) until time to respond and re-ordering occurred prior to awareness.
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IV.  Discussion

A.  Precedence
1.  In the attention shift procedure, results for identity of stimulus was good, but order information was poor.

2.  Report order appeared to be randomly related to presentation order, but was really systematically related to precedence order.

3.  Actual order determined by attention allocation to each position in the numeral stream

B.  The item guessing hypothesis: little or no random guessing indicated because subjects never reported characters from terminal positions of extended set.
C.  The forgetting hypothesis: subjects did not know positions of numerals within the set.  Most likely, they did not learn the order of the set and forget later.  The order may not have been learned.


D.  Precedence for Positions

1.  Proof of the feasibility of a precedence scale: response order results don’t follow pure temporal or pure folding order.  Quadruple condition statements were true 93-96% of the time, suggesting a systematic precedence scale and only 2-3% chance.

V.  Conclusions:


A.  Based on results, assume strength model of precedence is correct.

B.  The authors propose an attention gating model of attention shifts:

1.  All stimulus items represented peripherally, but only some survive to be represented centrally.  Strength of central representation determines precedence.



2.  Central availability determined by:

a.  Attention Gating Function: controls a stimulus gate, corresponds to attention in real-world (See Figure 15)
b.  assumed to be time invariant, independent of targets and rate of stimulus.

3.  Peripheral Availability: governed by a persistence function
4.  Differences Between Model and Data

a.  Nonoptimality: assumes equal-variance Normal distribution for trial-to-trial variations

b.  Laminarity violations: See Figures 7-9.  Non-laminarity is not accounted for in model

i.  Considered a change in precedence scale within or between trials.

ii. Model does not differentiate between attentional and motor reaction times

5. Target detection: Gate operates when a signal impulse is sent to a gate controller.  Gate opens and closes with not frequency response, time course is relative to impulse response of the gate control system.
6. This model is a special case that can be derived from a Generalized Attention Gating Model the authors also propose

D. Generalized Attention Gating Model (See Figure 22)
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1. Only constraint on gate control system is that it is nonnegative.
2. In generalized system, pulses may be of longer duration.

3. Order information has two key properties:

a. Defined relative to other items in the attentional window

b. Assumed to be proportional to the amount of identity information available about the item.

4. The authors claim this model will perfectly predict the outcome of any reasonable value of an order parameter if complete freedom is allowed.  This is an untestable claim because the model must be empirically tested within constraints.
5. Both of these models reflect processes that can readily be embodied in neurons, and suggest a possible physiological basis for attention.

6. Use of model in other paradigms:

a. Does not exclude a “searchlight” theory, where attention shifts in an analog pattern

i. Process in this study is more suggestive of a “faucet-gate” theory, or digital attention shifts jumping from location to location.  No effects of distance or effects of a visual obstacle placed between locations were found.

b. Partial Report studies-
i. Iconic memory and attention features are typically difficult to separate within this paradigm.

ii. Ability to independently measure attention gating may make this possible.

c. Temporal order judgments
i. Subject makes forced choice to determine which stimulus is first

ii. Traditional interpretation says the choice is made in a central decision mechanism.

iii. Attention Gating Model suggests that both signals are detected, but only one is gated into visual short-term memory or auditory memory

E. Summary:  Shifting attention from letter stream to numeral stream produced numeral reports with three chief characteristics:

1. Clustering- numerals reported typically from a cluster centered around 400ms after target occurrence (range 200ms-600ms)

2. Disorder- Report order is independent of stimulus order

3. Folding- high probability of disorder can be explained by a strength model in which numerals that occupy different stimulus positions have different precedences, and these presedences can be folded. 
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