
1 Higher Level Cognition

Sofar, we have networks that can:

� See,recognizeobjects,dir ect attention.

� Rememberevents,general facts,maintain info “online”.

� Pronounce wor ds, activate and combine semantic meanings.

So,what's missing?

2 Higher Level Cognition: What's Missing

� Planning.

� Reasoning.

� Decision-making (lacking emotion?).

� Consciousness,senseof self.

� Freewill.

� Social interaction (dynamic, subtle, goal-driven..)

3 Higher Level Cognition: What we Know

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

4 Structuresof the Prefrontal Cortex
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[PFC is not everything: Requiresthe entire brain working
together..]



5 The Rangeof Frontal Functions

Activ ation-based working memor y

6 Activation-based Working Memory

Monkey electrophysiology
Primate Working Memory Task

Cue Delay Response

Primate Working Memory
¥ Working memory

impaired by frontal
cortex lesions.

¥ Different frontal
regions responsible
for working memory
for different types of
information.
Ð e.g.,

spatial vs. object

46

46

What is the relationship between
Working Memory (WM) and
Long-term Memory (LTM) ?

¥ WM does not only
hold new information
before it is transferred
to LTM.
Ðe.g., as assumed by

the modal model.

ÒModal ModalÓ

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

7 The Rangeof Frontal Functions

Activ ation-based working memor y

Inhibition Stroop: Dif �culty inhibiting prepotent response.

8 The Stroop Task

Purple

Yellow

Green

Red



9 The Rangeof Frontal Functions

Activ ation-based working memor y Monkey electrophysiology.

Inhibition Stroop: Dif �culty inhibiting prepotent response.

Flexibility Continue with sameresponseafter task changes,
perseveration.

Fluenc y Dif �culty generating variety of responses.

Executive contr ol Probs w/ goal-dir ected planning, coordinating.

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

10 The Stroop Task: Data

Control: Red. Con�ict: Red. Congruent: Red.
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11 Stroop Model
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12 The Stroop Task: Model Data

Control: Red. Con�ict: Red. Congruent: Red.
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13 Stroop Accounts: Continuum, not a Dichotomy

"blue"

"red"

Shape-naming �rst like color-naming in standard Stroop,
then like-wor d reading.

14 Stroop Accounts: Not a Horse Race
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15 Dynamic Categorization Tasks

Wisconsin Card Sort

A B C D

16 Dynamic Categorization Tasks

Wisconsin Card Sort

A B C D



17 Dynamic Categorization Tasks

Wisconsin Card Sort

A B C D

18 Dynamic Categorization Tasks

Wisconsin Card Sort

A B C D

Experimental task (like Stroop), but capturessomeessentialaspects
of higher level cognition.

Frontal patients perseveratewith the �rst rule.

19Computational Appr oach to Higher Level Cognition

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

� Flexibility .

� Accessibility.

� Impact.

20 Dynamic Categorization Tasks: ID/ED task
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21 ID/ED and Frontal Damage
(Dias, Robbins & Roberts (1997),J Neurosci)

IDS IDR EDS
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Original interpr etation: Orbital = affective inhibition,
Lateral = attentional selection.

22 Alternative Account
(O'Reilly , Noelle, Braver & Cohen (2002),Cerebral Cortex)

Orbital PFCrepresentsdetailed features.
Lateral PFCrepresentsabstract dimensions.

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

Perseverations= weight-based processingin absenceof PFC.

23 ID/ED Model
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Activation limited in cortex: attention. PFCprovides top-down
bias. VTA = adaptive critic, causesPFCupdating w/r eward.

24 IDR, EDSin the Model
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25 Model Data
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10

20

30

40

50

E
rr

or
s 

to
 C

rit
er

io
n

Perseverations from Frontal Lesions

Control
Orbital
Lateral

Previous Stimuli

IDS IDR EDS
0

2

4

6

8

10

12

14

16

E
rr

or
s 

to
 C

rit
er

io
n

Perseverations in the Model

Intact
Feat
Dim

26 The Rangeof Frontal Functions

Activ ation-based working memor y Monkey electrophysiology.

Inhibition Stroop: Dif �culty inhibiting prepotent response.

Flexibility Continue with sameresponseafter task changes,
perseveration.

Fluenc y Dif �culty generating variety of responses.

Executive contr ol Probs w/ goal-dir ected planning, coordinating.

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

27 A Uni�ed Activation-based Account

Central frontal mechanisms:

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

Monitoring/e valuation e.g.,Error-monitoring, critical for
dopaminergic modulation.

28 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.

Fluenc y 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.



29 Beyond the PFC

Bias& Binding in the PFCand Hippocampus:

Bias
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