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The important role of cognitive psychology in 
formal models of thinking and AI



Herbert Simon 
(1916-2001)



1956 Dartmouth 
workshop on Artificial 
Intelligence



Herbert Simon 
(1916-2001)

• Organizational Psychology

• Models of cognition → AI

• Nobel Laureate 1978 "for his 

pioneering research into the 

decision-making process within 

economic organizations"

Cf Future of Work hub →



Allen Newell
(1927 – 1992)

• Mathematics/Computer science

• Time scales of human action



time scales of human 
action: social band



time scales of human 
action: rational band

?
1

0



time scales of human 
action: cognitive band



time scales of human 
action: biological band



time scales of human 
action



Cognitive band

• Actions are performed 

on the order of seconds

• Cognitive operations    

→ Perception, memory, 

attention allocation

What I typically
study



Roadmap for today

• Allan Newell and Herbert Simon: personal scientific 
heroes

• Time scales of human action
• Levels of integration of cognitive theory

• The algorithmic level: fact learning
• Models of decision making

• How can these cognitive models be useful? Effect of 
time pressure

• Other uses (in the context of open societies)
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Levels of integration of cognitive theory: 

The importance of psychology for interactive 
Artificial Intelligence
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Or: Why should YOU care??
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Interactive AI



Computer 
Sciences & 

Engineering

Decision 
Algorithm

Intervention

Behavior

User Model

Psychological 
processes

Decision 
Making

Cognitive & Behavioral 
Sciences

Liefooghe & Van Maanen, Front AI, 2023



Levels of integration of 
cognitive theory

Liefooghe & Van Maanen, Front AI, 2023

• Anecdotal 

• general knowledge of cognition

• Computational

• considering hypothesized 

computations that individuals 

perform

• Algorithmic

• considering hypothesized cognitive 

processes

Computer 
Sciences & 

Engineering

Decision 
Algorithm

Intervention

Behavior

User Model

Psychological 
processes

Decision 
Making

Cognitive & Behavioral 
Sciences



Example: smart fact 
learning

• Support of fact learning 

(speed up) using 

interactive AI

Klinkenberg et al., Comp. Educ, 2011; Sense et al., Front Educ, 2018



Example: smart fact 
learning

Kiribati

Åland

Tuvalu

Saint Lucia



Example: smart fact 
learning

• Support of fact learning 

(speed up) using 

interactive AI

• Clearly it is important to 

understand cognitive 

processes (how does 

learning work?)
• Practice effect

• Testing effect

• Spacing effect



The anecdotal level of 
integration

• Flash cards (Leitner, 

1972)

• Learn the facts: 
• If you are correct, move to 

next deck

• Incorrect, move back

• Frequency of learning decks 

decreases

• Repetition → Practice 

effect

• Recall → Testing effect

• Mix → Spacing effect

Liefooghe & Van Maanen, Front AI, 2023

Kiribati

Åland

Tuvalu

Saint Lucia



The algorithmic level of integration

1. Formalize/model how memory recall works
2. Use that formal model in a edutech application

Anderson & Schooler (1991). Reflections of the environment in 
memory, Psychological Science (and previous work):

Rational Analysis of Memory
Forgetting if p[Activation]*Gain < Cost ?

p: “Need” probability
How likely is it that a particular piece of information is required in the near 
future?



Activation function

   

Bi = ln( tj
-d

j=1

n

å )

• Activation (B)
• Frequency (n) 
• Recency (tj)

• Decay (d)



Frequency vs recency
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The algorithmic level of 
integration

Van Rijn, Van Maanen, Van Woudenberg, ICCM, 2009

• Rational analysis of memory 

(Anderson & Schooler, 1991)

• Cognitive model 

• indicating the “need 

probability” of items in 

memory

• By student, predict recall       

time

• Iteratively calibrate model 

parameters
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Level comparison

Average: ~6.7 on 
French test →

D
ec

ay

Sense et al., Front Educ, 2018; Van Rijn, Van Maanen, Van Woudenberg, ICCM, 2009

D
ec

ay

Explanation of 
individual differences

Prediction of successPerformance increase



Roadmap for today

• Allan Newell and Herbert Simon: personal scientific 
heroes

• Time scales of human action
• Levels of integration of cognitive theory

• The algorithmic level: fact learning
• Models of decision making

• How can these cognitive models be useful? Effect of 
time pressure

• Other uses (in the context of open societies)



Democracy and 
good governance

Transitions and well-being

Equality and diversity

Security in Open Societies 

Bottom-up Initiatives 
for Societal Change

Behaviour and Institutions

Contesting Governance

Futures of Democracy

The Transactional State 
as an Institution for Good

Future of Work 

Open Cities

Fair Transitions

Longtermism and Institutional Change

Markets and Corporations

Gender, Diversity and Global Justice

In/Equality

Openness challenged: the university at risk?

IOS-Themes: 
15 platforms



Roadmap for today

• Allan Newell and Herbert Simon: personal scientific 
heroes

• Time scales of human action
• Levels of integration of cognitive theory

• The algorithmic level: fact learning
• Models of decision making

• How can these cognitive models be useful? Effect of 
time pressure

• Other uses (in the context of open societies)



What’s the first decision you had to make today?

How many decisions have you made today?



Noisy decision making

• Actions are performed 

on the order of seconds

• Cognitive operations    

→ Perception, memory, 

attention allocation, but 

also simple decision 

making











Linear Ballistic Accumulator





Linear Ballistic Accumulator

Every option has its own accumulator

Fastest accumulator wins (that option gets selected)
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Lines: different model predictions
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(Palmer et al, 2005 JVis)

Example: effect of target location in 
2AFC



Example: effect of target location in 
2AFC

(Van Maanen et al., 2012, F Dec Neuro)

• Binary choice
• Two instructions (blocks): ”Focus on speed” vs “Focus on Accuracy”
• Target location varied



Mean response times
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Difficult
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Speed instruction: Lower threshold

Option A
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• Fast instructions lower thresholds

• Why does this actually affect accuracy?



Roadmap for today

• Allan Newell and Herbert Simon: personal scientific 
heroes

• Time scales of human action
• Levels of integration of cognitive theory

• The algorithmic level: fact learning
• Models of decision making

• How can these cognitive models be useful? Effect of 
time pressure

• Other uses (in the context of open societies)



What is the effect of body 
temperature on decision making?

Van Maanen et al., Sci Rep 2019; Kingma et al., Temp 2020



Hypothesis

A
c
c
u

m
u

la
te

d
 p

u
ls

e
s

Time

A
c
c
u

m
u

la
te

d
 c

h
o

ic
e

 e
v
id

e
n

c
e

Time

A
c
c
u
m

u
la

te
d

 c
h

o
ic

e
 e

v
id

e
n
c
e

 True deadline

 Perceived deadline

 Original threshold

 Adjusted threshold

Van Maanen et al., Sci Rep, 2021



The experiment

• Time production task + Expanded judgment task with 

deadline

• Core temperature manipulated through full body 

immersion

Neutral tub Hot tub
Van Maanen et al., Sci Rep, 2021



Results 

out begin end

Van Maanen et al., Sci Rep, 2021



LBA Results
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Precise time perception influences 
speed-accuracy trade-off
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Roadmap for today

• Allan Newell and Herbert Simon: personal scientific 
heroes

• Time scales of human action
• Levels of integration of cognitive theory

• The algorithmic level: fact learning
• Models of decision making

• How can these cognitive models be useful? Effect of 
time pressure

• Other uses (in the context of open societies)



User Models

Applied in many domains, 

but not speeded actions

1. Many decisions/actions

2. Time pressure

3. (High stakes)

Palada et al. (2016) (see the student manual)



Modeling real-life tasks

Target? Non-target?

Low workload?

Palada et al., JEP: Applied, 2016
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Data from Katsimpokis et al., Comp Brain Behav, 2020

Target? Non-target?



Monitoring 
performance over time

Data from Katsimpokis et al., Comp Brain Behav, 2020

Target? Non-target?
Threshold

Drift rate



Take home

• Formalization of Cognitive/Psychological Theory (still) 

has a major role in AI development

• The level of integration of the theory with AI matters

• In terms of prediction of the user state

• In terms of eXplainable AI

• In terms of user acceptance and trust (?)



Strengths Weaknesses

Opportunities Threats

• Model may be 
wrongly specified

• Better model of 
human cognition

• More feeling of 
autonomy

Positive Negative 

Internal 

External 

IOS-Themes: 
SWOT analysis of cognitive 
models for user modeling



Example of incorrect model specification: 
iBorderCtrl

• Aimed to predict deceit via “micro-expressions”

• ~50 ms

• Massive individual variability

• Doubts over validity → Is there even a relationship 

between micro-expressions and deceit?

Rothwell et al, 2007; Critique: Jupe & Heatley, Security Journal, 2020

chance



Strengths Weaknesses

Opportunities Threats

• Model may be 
wrongly specified

• Better model of 
human cognition

• More feeling of 
autonomy

• More precise user 
model

Positive Negative 

Internal 

External 

IOS-Themes: 
SWOT analysis of  current 
topic



Strengths Weaknesses

Opportunities Threats

• Model may be 
wrongly specified

• Better model of 
human cognition

• More feeling of 
autonomy

• More precise user 
model

• Overspecification
• Less autonomy

Positive Negative 

Internal 

External 

IOS-Themes: 
SWOT analysis of  current 
topic



Levels of integration of cognitive theory

Liefooghe & Van Maanen, Front AI, 2023

• Anecdotal 

• general knowledge of cognition

• Computational

• considering hypothesized 

computations that individuals 

perform

• Algorithmic

• considering hypothesized cognitive 

processes

Computer 
Sciences & 

Engineering

Decision 
Algorithm

Intervention

Behavior

User Model

Psychological 
processes

Decision 
Making

Cognitive & Behavioral 
Sciences



Democracy and 
good governance

Transitions and well-being

Equality and diversity

Security in Open Societies 

Bottom-up Initiatives 
for Societal Change

Behaviour and Institutions

Contesting Governance

Futures of Democracy

The Transactional State 
as an Institution for Good

Future of Work 

Open Cities

Fair Transitions

Longtermism and Institutional Change

Markets and Corporations

Gender, Diversity and Global Justice

In/Equality

Openness challenged: the university at risk?

IOS-Themes: 
15 platforms



Questions?



Do people associate AI chatbots with 
consciousness?

Project team

Uwe Peters, Anastasia Apeiron, and Baptist Liefooghe 



“the majority (67%) 
attributed some 
possibility of 
consciousness” to 
ChatGPT

But they used only
self-report measure

Research question

Do people also implicitly 
associate chatbots with 
consciousness?

Use Go/no-go task





The rule

Notice: 

The trials will be fast 
(to elicit implicit 
processing) (650 ms)
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