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AttentionAttention

Steve LuckSteve Luck
UC-Davis Center for MindUC-Davis Center for Mind  & Brain& Brain

The Big PictureThe Big Picture

•• Need (fuzzy) borders between attention,Need (fuzzy) borders between attention,  workingworking
memory, and executive controlmemory, and executive control
-- Avoid duplication of effort in task developmentAvoid duplication of effort in task development

•• Attention Attention →→  selection ofselection of  sources of informationsources of information
-- What to perceive? What to remember? What to act upon?What to perceive? What to remember? What to act upon?

•• Executive control Executive control →→  selection of rulesselection of rules  (S/R mappings)(S/R mappings)
-- Which set of rules is currently appropriate?Which set of rules is currently appropriate?

•• Working memory Working memory →→  dynamic storage of informationdynamic storage of information
and rulesand rules

Attention as Input SelectionAttention as Input Selection

•• William James (1890)-William James (1890)-
Everyone knows what attention is.Everyone knows what attention is.
It is the taking possession by the mind,It is the taking possession by the mind,

in clear and vivid form, of one out ofin clear and vivid form, of one out of
what seem several simultaneouslywhat seem several simultaneously
possible objects or trains of thought.possible objects or trains of thought.

Focalization, concentration, ofFocalization, concentration, of
consciousness are of its essence.consciousness are of its essence.

It implies withdrawal from some thingsIt implies withdrawal from some things
in order to deal effectively within order to deal effectively with
othersothers……

Attention as Input SelectionAttention as Input Selection

•• Attention is a processAttention is a process
-- NNot a resource, a module, etc.ot a resource, a module, etc.

•• It selects some objects for perception, memoryIt selects some objects for perception, memory
storage, and actionstorage, and action
-- Selection occurs withinSelection occurs within  distinct cognitive subsystemsdistinct cognitive subsystems
-- Attention acts by modulating these systemsAttention acts by modulating these systems

•• Information that is not selected is lost (or delayed)Information that is not selected is lost (or delayed)
-- Not perceived, not remembered, not acted uponNot perceived, not remembered, not acted upon

•• Used under conditions of competitionUsed under conditions of competition
-- Competition makes selection necessaryCompetition makes selection necessary
-- Hard to selectHard to select  in the absence of competitionin the absence of competition

•• A demonstrationA demonstration……
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Perceptual Selection: Visual SearchPerceptual Selection: Visual Search
•• High perceptual load, low memory loadHigh perceptual load, low memory load

-- Where is the gap on the red square?Where is the gap on the red square?
•• Attention influences:Attention influences:

-- Speed and accuracy of perceptual discriminationsSpeed and accuracy of perceptual discriminations
-- Sensory ERP componentsSensory ERP components
-- Single-unit activity in V1, V2, V4, TESingle-unit activity in V1, V2, V4, TE
-- BOLD signal throughout visual cortex (and possibly LGN)BOLD signal throughout visual cortex (and possibly LGN)

Hopf et al. (2006)

Memory Selection: Memory Selection: Attentional Attentional BlinkBlink
•• Low perceptual load, high working memory loadLow perceptual load, high working memory load

-- Report identity of T1 and detect T2 (X present or absent)Report identity of T1 and detect T2 (X present or absent)
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•• At lag 3:At lag 3:
-- No suppression ofNo suppression of

sensory responsesensory response
-- T2 is fully identifiedT2 is fully identified
-- T2 is is not stored inT2 is is not stored in

working memory, soworking memory, so
it cannot be reportedit cannot be reported
at the end of the trialat the end of the trial

Rule SelectionRule Selection

•• The tasks described so far involve selecting amongThe tasks described so far involve selecting among
competing inputs (competing inputs (input selectioninput selection))

•• Many attention tasks involve selecting amongMany attention tasks involve selecting among
competing rules (competing rules (rule selectionrule selection))
-- Rules are usually stimulus-response mappingsRules are usually stimulus-response mappings
-- Competition arises from multiplicity of possible rules, notCompetition arises from multiplicity of possible rules, not

from multiplicity of stimulifrom multiplicity of stimuli
•• Example: Example: Stroop Stroop TaskTask

-- TheThe  ink color and the word are both fully representedink color and the word are both fully represented
-- Color and shape of the word do not compete forColor and shape of the word do not compete for

representation (different dimensions cannot compete)representation (different dimensions cannot compete)
-- ““Say-ink-colorSay-ink-color”” rule competes with  rule competes with ““read-wordread-word”” rule rule
-- ““Read-wordRead-word”” rule is rule is  hard to suppress due to years ofhard to suppress due to years of

experience reading wordsexperience reading words

BLUE
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Rule SelectionRule Selection
•• Example: A-X CPT (Cohen et al 1999 version)Example: A-X CPT (Cohen et al 1999 version)

-- Respond to X when preceded by A (70% of trials)Respond to X when preceded by A (70% of trials)
-- X rarely follows anything but AX rarely follows anything but A
-- Response to X becomes automaticResponse to X becomes automatic
-- Need to exert control (attention) to avoid responding to B-XNeed to exert control (attention) to avoid responding to B-X
-- SC patients are found to make many false alarms to B-XSC patients are found to make many false alarms to B-X

•• A and B signal different rules for processing XA and B signal different rules for processing X
-- A: Respond when X is perceivedA: Respond when X is perceived
-- B: DonB: Don’’t respond when X is perceivedt respond when X is perceived

•• Because A-X is common and B-X is rare, the A ruleBecause A-X is common and B-X is rare, the A rule  hashas
a high activation levela high activation level

•• When B is presented, it isWhen B is presented, it is  difficult for the B rule todifficult for the B rule to
compete with the A rulecompete with the A rule

Rule SelectionRule Selection
•• Example: WCSTExample: WCST

-- Learn to sort cards according to a ruleLearn to sort cards according to a rule
-- Rule switches at some pointRule switches at some point
-- Need to suppress old rule andNeed to suppress old rule and  learn/activate new rulelearn/activate new rule

•• Example: Task switchingExample: Task switching
-- Frequent changes in rulesFrequent changes in rules
-- Current rule competes with previous ruleCurrent rule competes with previous rule
-- Current rule is stored in working memory, which must beCurrent rule is stored in working memory, which must be

frequently updatedfrequently updated
•• Rule-selection tasks, not input-selection tasks, are theRule-selection tasks, not input-selection tasks, are the

focus of most research on executive controlfocus of most research on executive control
-- MostMost  basic scientists who call themselves basic scientists who call themselves ““attentionattention

researchersresearchers”” focus primarily on input-selection tasks focus primarily on input-selection tasks

The Big PictureThe Big Picture

•• Attention Attention →→  selection ofselection of  sources of informationsources of information
-- SelectionSelection  among competing inputs to a processing systemamong competing inputs to a processing system

•• Executive control Executive control →→  selection of rulesselection of rules  (S/R mappings)(S/R mappings)
-- SelectionSelection  among competing sets rules that could be followedamong competing sets rules that could be followed

by a processing systemby a processing system
•• Working memory Working memory →→  storage of selected inputs andstorage of selected inputs and

selected rulesselected rules

Executive Control & Input SelectionExecutive Control & Input Selection
•• Input selection depends on rules that control theInput selection depends on rules that control the

operation of the selection processoperation of the selection process
-- ““Find a ripe appleFind a ripe apple””
-- ““Remember the red wordsRemember the red words””

•• Multiple rules may compete for control of inputMultiple rules may compete for control of input
selectionselection
-- Example: Capture of attention by transientsExample: Capture of attention by transients

AT

R N

•• Appropriate rule: Select location of red objectAppropriate rule: Select location of red object
•• Competing rule: Select location of transientCompeting rule: Select location of transient
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Working Memory & Input SelectionWorking Memory & Input Selection

•• Working memory is presumably used to store theWorking memory is presumably used to store the
current rule for input selectioncurrent rule for input selection

•• Example: Find the red-and-white cereal boxExample: Find the red-and-white cereal box

•• Input selection will be inefficient if representation ofInput selection will be inefficient if representation of
rule is imprecise, weak, or unstablerule is imprecise, weak, or unstable

Control Control vsvs. Implementation. Implementation
•• Efficiency of input selection depends on two factorsEfficiency of input selection depends on two factors
•• Control of AttentionControl of Attention- - Finding theFinding the  right input sourceright input source

-- Is the spotlight shining on the right object?Is the spotlight shining on the right object?
-- Related to the Related to the ““attention shiftingattention shifting””constructconstruct
-- Depends on:Depends on:  Activation ofActivation of  appropriate ruleappropriate rule

      Precision and stability of rule representation      Precision and stability of rule representation
      Quality of      Quality of  perceptual cues that guide attentionperceptual cues that guide attention

•• Implementation of SelectionImplementation of Selection- Boosting selected item- Boosting selected item
and inhibiting competitorsand inhibiting competitors
-- How bright is the spotlight?How bright is the spotlight?
-- Related to the Related to the ““selection under distractionselection under distraction”” construct construct
-- Depends on strength and precision of excitatory andDepends on strength and precision of excitatory and

inhibitory connections between representationsinhibitory connections between representations

Example: Guided SearchExample: Guided Search
Search green bars to find one that is vertical

•• Control- Limit search to green itemsControl- Limit search to green items
•• Implementation- Filter out surrounding items to avoidImplementation- Filter out surrounding items to avoid

misperceiving the orientation of a green barmisperceiving the orientation of a green bar

Control Control vsvs. Implementation. Implementation

•• Hypothesis: SC involves a deficit in control but notHypothesis: SC involves a deficit in control but not
implementationimplementation

•• Challenging to separately measure control andChallenging to separately measure control and
implementationimplementation
-- Input selection tasks always involve bothInput selection tasks always involve both

•• Measure implementation by making control trivialMeasure implementation by making control trivial
-- Salient sensory information is available to guide attentionSalient sensory information is available to guide attention
-- Finding:Finding:  Implementation appears normal in SC patientsImplementation appears normal in SC patients

•• Measure control by varying difficulty of controlMeasure control by varying difficulty of control
-- Presence Presence vsvs. absence of salient distractors. absence of salient distractors
-- Finding: Control appearsFinding: Control appears  to be impaired in SC patientsto be impaired in SC patients
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Implementation: Spatial CuingImplementation: Spatial Cuing
Valid Trial Invalid Trial

•• Control is trivial (no competing rules)Control is trivial (no competing rules)
•• In healthy individuals,In healthy individuals,  target detection is faster andtarget detection is faster and

more accurate on valid trials thanmore accurate on valid trials than  on invalid trialson invalid trials
-- Cuing effect (valid minus invalid) reflects effectiveness ofCuing effect (valid minus invalid) reflects effectiveness of

attentionattention
-- Side note: Attention always measured by an effect of someSide note: Attention always measured by an effect of some

manipulation, not by overall performancemanipulation, not by overall performance
•• In 15+ studies of SC patients,In 15+ studies of SC patients,  basic cuing effect isbasic cuing effect is

just as big in patients as in control subjectsjust as big in patients as in control subjects

Implementation: WM SelectionImplementation: WM Selection
•• Change-detection task to isolate visual working memoryChange-detection task to isolate visual working memory
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Luck & Vogel (1997)

•• A DemonstrationA Demonstration……
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Implementation: WM SelectionImplementation: WM Selection
•• Cued change-detection taskCued change-detection task

a
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Gold et al. (in press)

•• A DemonstrationA Demonstration……
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Implementation: WM SelectionImplementation: WM Selection
•• Cued change-detection taskCued change-detection task
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(1000 ms)

Gold et al. (in press)

a

Valid
0

1

2

3

Invalid

# of Objects
Stored in
Memory



SPR Mini ERP Boot Camp, July 24-25, 2006
© 2005-2006 S. J. Luck, All rights reserved 10

Implementation: N2pcImplementation: N2pc
•• Shift of attention to visual search targetShift of attention to visual search target

-- N2pc = ERP index of focused attention in visual cortexN2pc = ERP index of focused attention in visual cortex
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Luck et al. (2006)

Control: Guided SearchControl: Guided Search

•• Target = red verticalTarget = red vertical
-- 3-attended trials: Minimal need for top-down control3-attended trials: Minimal need for top-down control
-- Half-attended trials: Top-down control essentialHalf-attended trials: Top-down control essential

•• Finding: Patients are impairedFinding: Patients are impaired  on half-attended trials,on half-attended trials,
not on 3-attended trialsnot on 3-attended trials

Gold et al. (submitted)

Control: Singleton CaptureControl: Singleton Capture

•• Shifting to aShifting to a  target in the presence of a salienttarget in the presence of a salient
distractordistractor
-- Task: Report orientation of line inside circleTask: Report orientation of line inside circle
-- One item is black on 50% of trials (never theOne item is black on 50% of trials (never the  target)target)
-- Pits appropriate rule against bias toward saliencePits appropriate rule against bias toward salience

•• Finding: Patients areFinding: Patients are
dramatically sloweddramatically slowed
when the black item iswhen the black item is
presentpresent

Gold et al. (in prep.)

The Big PictureThe Big Picture
•• Proposed division of laborProposed division of labor

-- Attention Attention →→  selection ofselection of  sources of informationsources of information
-- Executive control Executive control →→  selection of rulesselection of rules
-- Working memory Working memory →→  storage of selected inputs and rulesstorage of selected inputs and rules

•• Performance of almost any task involves interactionsPerformance of almost any task involves interactions
between these systemsbetween these systems
-- And perceptual and motor systemsAnd perceptual and motor systems

•• Input selection involves two componentsInput selection involves two components
-- Control of attention: Probably impaired in SCControl of attention: Probably impaired in SC
-- Implementation of selection: Probably not impairedImplementation of selection: Probably not impaired  in SCin SC

•• Need tasks that isolate control of attentionNeed tasks that isolate control of attention
•• Need new research that links control of inputNeed new research that links control of input

selection to general theories ofselection to general theories of  executive controlexecutive control
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