Higher Level Cognition

Sofar, we have networks that can:
See,recognize objects,dir ect attention.
Rememberevents, general facts, maintain info “online”.
Pronounce wor ds, activate and combine semantic meanings.

So,what's missing?



Higher Level Cognition: What's Missing

Planning.

Reasoning.

Decision-making (lacking emotion?).
Consciousness,senseof self.
Freewill.

Socialinteraction (dynamic, subtle, goal-driven..)



Higher Level Cognition: What we Know

Frontal damage impairs planning, reasoning, decision-making,
self-initiated actions, self-awareness,social interaction..



Structur es of the Prefrontal Cortex

[PFC is not everything: Requiresthe entire brain working
together..]



The Rangeof Frontal Functions

Activ ation-based working memory



Activation-based Working Memory

Monkey electrophysiology
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The prefrontal cortex (PFC)can maintain information over time as
ring of neurons (activation-based memory).



The Rangeof Frontal Functions

Activ ation-based working memory

Inhibition Stroop: Dif culty inhibiting prepotent response.
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The Rangeof Frontal Functions

Activ ation-based working memory Monkey electrophysiology.
Inhibition Stroop: Dif culty inhibiting prepotent response.

Flexibility Continue with sameresponseafter task changes,
perseveration.

Fluency Dif culty generating variety of responses.
Executive contr ol Probsw/ goal-dir ected planning, coordinating.

Monitoring/e valuation e.g.,Error-monitoring.



The Stroop Task: Data

Control: Red. Con ict: . Congruent: Red.
Stroop Data (Dunbar & MaclLeod, 84)
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The Stroop Task: Model Data

Control: Red. Con ict:

Stroop Data (Dunbar & MaclLeod, 84)

. Congruent: Red.
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Stroop Accounts: Continuum, not a Dichotomy

"blue”

Shape-naming rst like color-naming in standard Stroop,
then like-wor d reading.
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Stroop Accounts: Not a Horse Race
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Dynamic Categorization Tasks

Wisconsin Card Sort
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Experimental task (like Stroop), but capturessome essentialaspects
of higher level cognition.



Dynamic Categorization Tasks

Wisconsin Card Sort
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Experimental task (like Stroop), but capturessome essentialaspects
of higher level cognition.

Frontal patients perseveratewith the rst rule.



Computational Appr oachto Higher Level Cognition

Key Idea: Activation-based processing(vs weight-based):



Computational Appr oachto Higher Level Cognition

Key Idea: Activation-based processing(vs weight-based):
a) Weight based b) Activation based
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Advantages:
Flexibility .
Accessibility.

Impact.



Dynamic Categorization Tasks:ID/ED task

Previous Stimuli

>< PR e Ghange
. Stimuli
N e rarant
. B — | (REVErsal) (Shift)
5::><::§ ::><:: IDR DS
e Intra

dimensional

>< (ID)
Yy W Target
change

EDR EDS

————————— Extra
dimensional



ID/ED and Frontal Damage
(Dias, Robbins & Roberts (1997),JNeurosci)

Perseverations from Frontal Lesions
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Original interpr etation: Orbital = affective inhibition,
Lateral = attentional selection.
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Alternative Account
(O'Reilly, Noelle, Braver & Cohen (2002),Cerebral Cortex)

Orbital PFCrepresentsdetailed features
Lateral PFCrepresentsabstract dimensions.

Activation-based PFC processingfacilitates rule switch:
Orbital = switch to new features(IDR).
Lateral = switch to new dimension (EDS).

Perseverations= weight-based processingin absenceof PFC.



ID/ED Model

Dim A Dim B
PFC_Feat

Dim A Dim B

FC_Dim

Hidden

Activation limited in cortex: attention. PFC provides top-down
bias. VTA = adaptive critic, causesPFCupdating w/r eward.



IDR, EDSIn the Model

a) Initial b) IDR c) EDS
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A Uni ed Activation-based Account

Central frontal mechanisms:

Activ ation-based working memory Frontal neurons maintain
actively over delays.

Monitoring/e valuation e.g.,Error-monitoring, critical for
dopaminer gic modulation.
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A Uni ed Activation-based Account

Inhibition Need to maintain top-down activation for weaker task.

Flexibility Dynamics of activation-based more rapid than
weight-based.

Fluency Only problem w/ novel categoriesof responses— need
top-down support to overcome prepotent categories.

Executive contr ol Maintain & update plans/ goals over time,
avoid distraction.



Beyond the PFC

Bias & Binding in the PFCand Hippocampus:
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