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Cognitive Control
(a.k.a. Executive function)

• “The process that allows information processing and behavior to 
vary adaptively from moment to moment depending on current 
goals, rather than remaining rigid and inflexible”

• Executive functions (also known as cognitive control and 
supervisory attentional system) is an umbrella term for the 
management (regulation, control) of cognitive processes, 
including working memory, reasoning, task flexibility, and 
problem solving as well as planning and execution. 

• The executive system is a theorized cognitive system in 
psychology that controls and manages other cognitive processes, 
such as executive functions. 



What Controls Cognitive Control?

• Prefrontal Cortex (PFC)

– Four main subdivisions of the PFC

• Lateral prefrontal

• Frontal pole

• Medial frontal

• Ventromedial prefrontal 

(Orbitofrontal cortex)





The purple region indicates 
prefrontal cortex in six 
mammalian species. 

Although the brains are 
not drawn to scale, the 
figure makes clear that the 
PFC spans a much larger 
percentage of the overall 
cortex in the chimpanzee 
and human.



Lateral Prefrontal Cortex

• Cognitive Control

• Short-Term Memory

• Inhibition of Prepotent 
Responses

• Selective Attention



Frontal Pole

• Cognitive Control

• Memory Retrieval

• Hierarchical 
Representation of 
Action Goals



Medial Frontal Cortex: 
Anterior Cingulate Involvement

• Cognitive Control

• Error Detection

• Resolving Conflict



In this example, the 
woman’s goal is to tell 
her friend about the 
highlights of her recent 
trip to San Francisco. 

Her knowledge of the 
Golden Gate Bridge 
requires activation of a 
distributed network of 
cortical regions that 
underlie the 
representation of long-
term memory.







Fluid and crystallized intelligence

• Fluid and crystallized intelligence (respectively abbreviated Gf and 
Gc) are factors of general intelligence, originally identified by 
Raymond Cattell and John L. Horn.

• Fluid intelligence or fluid reasoning is the capacity to think logically 
and solve problems in novel situations, independent of acquired 
knowledge. It is the ability to analyze novel problems, identify 
patterns and relationships that underpin these problems and the 
extrapolation of these using logic. It is necessary for all logical 
problem solving, e.g., in scientific, mathematical, and technical 
problem solving. Fluid reasoning includes inductive reasoning and 
deductive reasoning.

• Crystallized intelligence is the ability to use skills, knowledge, and 
experience. It does not equate to memory, but it does rely on 
accessing information from long-term memory.



Trials were divided into those with lures where a mismatch was a stimulus that had been 
previously seen (and thus had potential for a false alarm) and trials without lures where the 
stimulus had not been seen. 



Decision Making



Decisions require the integration and evaluation of multiple 
factors.

• In this example, the person is asked to choose between two 
objects, each of which has an inferred value (offer values). 
The values involve some weighted combination of multiple 
sources of information. 

• Some sources are external to the agent: What will I gain 
(commodity), how much reward will be obtained, will I get 
the reward right away, and how certain am I to obtain the 
reward? Other factors are internal to the agent: Am I 
feeling motivated, am I willing to wait for the reward, is the 
risk worth it? 



• Normative Theories (economics) of decision-making

The normative theories describe how we ought to think (e.g., expected 
utility theory).

• Descriptive Theories of decision-making

The descriptive theories describe how we actually do think.



Representation of Value

• Primary Reinforcers: 

food, water, sex (pleasure) etc.

• Secondary Reinforcers: 

money, social position, self-esteem etc. 



Goal-directed vs. habitual decision-making

• Goal-directed decisions are based on the assessment of expected 
reward, whereas habits are actions taken that are no longer under 
the control of reward. 

• Action-outcome decisions (Goal-directed decisions) vs. stimulus-
response decisions (habitual decisions)

• Model-based decision vs. Model-free decision

• Model-based means that the agent has an internal representation 
of some aspect of the world and uses this model to evaluate 
different actions. Model-free means that you just have an input-
output mapping , similar to stimulus-response decisions.  







: Probability of payoff

: Value representation



Self-Control

• Ventrolateral
Prefrontal Cortex 
(VMPFC)

VS.

• Dorsolateral 
Prefrontal Cortex 
(DLPFC)



Modulation in the Direct and Indirect Pathways





Reward is expectation: prediction error





VTA SN



Behaviors That Succeed: Goal Representation



Perseveration

• Perseveration is the tendency to continue giving a particular 
response even if the context has changed and the response is no 
longer appropriate. 

• Loss of Inhibitory Control



Inhibitory Control

a planned response that should be 
aborted is erroneously executed 헛수윙

치려다멈춤



Inhibitory Control—
Knight and Grabowecky (1995)

• Patients suffered from 
frontal lobe 
dysfunction.

• Patients were 
presented with tones.

• No response was 
required.



Why Do So Many Things Occur in the PFC?

• People must resolve the conflict of what to pay attention to: 
ignore irrelevant tasks and focus on the relevant tasks. 

• Shimamura (2000) argued that the PFC acts as a dynamic filter 
processing relevancy.


