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Overview

• What Is Cognitive Control?

• The Anatomy Behind Cognitive Control

• Cognitive Control Deficits

• Goal-Oriented Behavior

• Decision Making

• Goal Planning

• Goal-Based Cognitive Control

• Ensuring That Goal-Oriented Behaviors Succeed



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



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.









Medial Frontal Cortex: 
Anterior Cingulate Involvement

• Cognitive Control

• Error Detection

• Resolving Conflict



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.







• Participants performed a working memory task. 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. 

• (a) Regions in prefrontal and parietal cortex that had increased 
BOLD response on ‘lure trials’ compared to ‘no-lure trials’. 

• (b) Correlation between individual scores on the Lure activity 
factor (Lure–No Lure) and measures of fluid intelligence (left) or a 
measure of working memory span from a different task (right).

















Prefrontal activation in an fMRI study increased along a posterior– anterior gradient as the 
experimental task became more complex. Activation in the premotor cortex shown in green 
was related to the number of stimulus–response mappings that had to be maintained. 
Activation in caudal LPFC shown in yellow was related to the contextual demands of the task. 
For example, a response to a letter might be made if the color of the letter was green, but not 
if it was white. Activation in rostral LPFC shown in red was related to variation in the 
instructions from one scanning run to the next. For example, the rules in one run might be 
reversed in the next run.



Decision Making

• Normative Theories

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

• Descriptive Theories

The descriptive theories describe how we actually do think.



Decision Making



• 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? 



Representation of Value

• Primary Reinforcers: 

food, water, sex (pleasure) etc.

• Secondary Reinforcers: 

money, social position, self-esteem etc. 



Goal-directed vs. habitual

• 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

• Dorsolateral 
Prefrontal Cortex 
(DLPFC) Vs. 
Ventrolateral
Prefrontal Cortex 
(VMPFC)



Reward systems vs. Habit systems

Exploration and Exploitation



Marginal value theorem: ACC



Reward

• Will I get it?

• How long will I have to wait?





Negative Prediction Error: 
Multiple Brain Areas Code 

Ventral Striatal Response



Modulation in the Direct and 
Indirect Pathways



Negative Prediction Error: 
Multiple Brain Areas Code 

Dopamine Neurons’ Response



Reward



Two Classes

• Positive Outcome Neurons

• Negative Outcome Neurons

VTA SN





Preference-based serial decision dynamics



Preference-based serial decision dynamics



스시문제
The sushi problem

we define ‘the sushi problem’ as a straightforward means to 
examine “how we serially choose multiple items of different degrees of 
preference” when multiple sequences are possible, and no particular 
order is necessarily better than another, given that all items will 
eventually be chosen.



The relationship between the eating order and the 
degree of preference for 7 sushi pieces at the lunch table (11 
AM – 1 PM). 



Potential hypothesis I: Random picks

• Total sum of rewards is identical, regardless of the eating order. 

• They do not remember the preference-order of the sushi pieces. 



Potential hypothesis II: Temporal discounting

• Much evidence suggests that 
people, like other animals, 
discount the value of future 
events (Mazur, Learning and 
behavior, 2005). 

• Temporal discounting refers to 
the phenomenon in which the 
subjective value of some reward 
loses its magnitude when the 
given reward is delayed. 



Potential hypothesis III: Peak-end bias 

• When experiencing a series of events, some evidence suggests 
that people have a “peak-end bias” in that they prefer the 
overall experience to end well (Kahneman et al., When more 
pain is preferred to less: Adding a better end. Psychol Sci, 
1993). 



‘Sushi problem’ Experiment

The 148 subjects (Male : Female = 78 : 70) participated in 
the behavioral experiment in groups of two, and the setting was 
designed to emulate a normal dining atmosphere. 

A main plate with 20 varieties of sushi was provided, and the 
subjects chose 7 pieces.



The 148 subjects (Male : Female = 78 : 70) participated in 
the behavioral experiment in groups of two, and the setting was 
designed to emulate a normal dining atmosphere. 



Degree of preference  

In each round, the winner was allowed to firstly choose a sushi 
piece based on preference; then, the loser picked one of the 
remaining pieces in the main plate. This process was repeated 7 
times until each subject had 7 pieces of sushi. 



The majority of the subjects were first pickers of either the most 
preferred sushi (group 1) or the least favorite one (group 7). 

Jeong et al. PLoS ONE (2014)



The subjects who ate their most favorite sushi first had a general 
eating sequence based on descending preference

The subjects who ate their least favorite sushi first tended to save 
their favorite until the end.



School cafeteria problem

• The school cafeteria problem is “given the same daily menu 
with limited, multiple food options, how do people 
choose foods across days?”



Foraging decision experiment for rats



0.74 ± 0.076 





Reward systems vs. Habit systems

Exploration and Exploitation



Histological results for the NAc lesions in the shell.





Clinical application: foraging decision 
patterns of alcohol, water, and food in binge 

and social drinkers.



Monkey number Group

86 Non-binge

87 binge

88 binge

89 binge

91 Non-binge

92 Non-binge

93 binge

94 Non-binge

95 Non-binge

96 Non-binge



Experiment

6 months : individual 6 months : Social

86 87 88

89 91

92 93 94

95 96

86_1

87_2

88_4

96_2

89_3

95_4

92_1

91_2

93_3

94_4

A

B

C

Experimental procedure



Cross - correlation
Cross-correlation: linear relationship between two 
variables, a measure of similarity between two 
variables.

(1> r > -1, L : lag)

Kim et al., (in preparation)



Individual housing condition



Individual housing : 86 (social drinker)



Individual housing : 87 (binge drinker)



Individual housing : 88 (binge drinker)



Individual housing : 89 (binge drinker)



Individual housing : 91 (social drinker)



Social housing condition



Social housing : 86 (social drinker)



Social housing : 87 (binge drinker)



Social housing : 88 (binge drinker)



Social housing : 89 (binge drinker)



Social housing : 91 (social drinker)



Kim et al., (in preparation)







Behaviors That Succeed: Action Hierarchy

• Mental 
Representations of 
Possible Responses



Behaviors That Succeed: Goal Representation



Behaviors That Succeed: Goal 
Representation



DTI and Connectivity



Focal Injuries

• Focal injuries to the prefrontal cortex produce 
the following changes:

– Deficits in Planning Complex Behaviors

– Perseveration in Responding

– Disruption of Working Memory



Injuries

• Damage to bilateral lateral prefrontal cortex 
result in deficits in the following areas:

– Task Switching 

– Perseveration



Task Switching

• Task switching is a method used to study the processes involved in 
changing from one goal to another.

This task is cued by either a color (a) or a word (b). (c) Switching cost, the time required to 
switch from one task to the other (e.g., from naming the digit to naming the letter), is measured 
as the difference in response time (RT) on switch trials and no-switch trials. Patients with 
prefrontal lesions showed impairment only on the color cue condition.



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.



Inhibitory Control and Parkinson’s



Error-Related Negativity

This error detection signal is 
maximal over a central electrode 
positioned above the prefrontal 
cortex, and it has been 
hypothesized to originate in the 
anterior cingulate. 

The zero position on the x-axis 
indicates the onset of 
electromyographic (EMG) activity. 
Actual movement would be 
observed about 50 to 100 ms later.



Lesions in the Lateral
Prefrontal Cortex



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.



Task-Relevant Information

• Dynamic Filtering

Prefrontal cortex as a filtering 
mechanism in the retrieval and 
maintenance of task-relevant 
information.
When a person is asked about the 
color of the Golden Gate Bridge 
(the task goal), links to memory of 
the color of the bridge are 
amplified while links to memory of 
the location and shape of the 
bridge are inhibited.



Working Memory

• Information you are currently thinking about, perceiving, 
or using to guide responding is held in working memory.

• Working memory has been called the blackboard of the 
mind.

• Lesions to the lateral prefrontal cortex will disrupt 
working memory but not long-term memory.



n-Back Task

• Involves Both 
Maintenance and 
Rehearsal



What Are the Effects of Delays on Performance 
When Using in Working Memory?

• Studies of Short Delays

– phonologically dissimilar words are better recalled than a 
list of phonologically similar words.

• Studies of Long Delays

– semantically dissimilar list words were more easily recalled 
than items that were semantically similar.



Are All Types of Stimuli the Same to the 
Working Memory System?

• Activation will change depending on the 
stimuli.

• The fusiform face area is most active during 
encoding of a face.

• The prefrontal cortex is active during the 
delay.



Memory Associated with PFC

• In Addition to Working Memory and Short-Term 
Memory

• Recency Memory

– Ability to organize and segregate items in memory

– Can remember items but not the order in which they were 
presented

• Source Memory

– Ability to remember where you heard, saw, or learned 
something

– Following injuries to the frontal lobe, people can recall the 
same number of facts but not the source.



Real Life

• You look up a number in your cell phone 
contact list and then switch apps to send it to 
someone in a text message.



Brain Activity as a Function of Goals



Unusual Solutions



Connectivity

• There are 
projections from 
the prefrontal 
cortex  to all 
other lobes of 
the brain.



TMS and fMRI 

• Impact of Disruptions on Mental Processing


