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People learn how to think and how to decide
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metacognitive learning



What are the brain’s algorithms for metacognitive learning?
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How do people learn how to plan?
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Process Tracing: Making Planning Observable

(Callaway1, Lieder1, Krueger1, & Griffiths, 2018)

planning cost:  
$1/click



An environment where long-term outcomes are  
most important

cost: $1/click
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Cognitive Tutors

Metacognitive 
Reinforcement Learning

cognitive
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Optimal
Feedback
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Faster Learning --> Better Planning





Training Task      Transfer Task 



Transfer Effects



Adding instruction about effective strategies
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Leveraging AI to improve how people plan



Deriving descriptions of optimal strategies 
automatically





Promoting Metacognitive Learning 
with Reflection Prompts
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1. Plan 2. Act



Reflection Prompts

3. Reflect



3. Reflect
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Take Home Message 1

Intelligent cognitive tutors can help people 
overcome their biases and learn how to make 
better-informed decisions.



Goal Setting

Self-
Improvement

Goal
Achievement

AI

II. Find  Your
Path



Values

Long-term 
goals

Mid-term 
goals

Short-
term goals

Daily 
Goals

Value-Based 
Goal-Setting

Hierarchical
Goal-Setting

Self-Concordance

Goal Network
Congruence



Value-Based Goal-Setting

…



Value-Based Goal-Setting



Value-Based Goal-Setting



Hierarchical Goal-Setting



Hierarchical Goal-Setting
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Hierarchical Goal-Setting



The resulting long-term goals reflect the 
person’s values and identity

F(2, 145) = 4.50, p = .01, 𝜂𝜂2 = .06
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Find Your PathComplice AHA
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The resulting goals are more congruent with 
each other

F(2, 176) = 6.85, p < .01, 𝜂𝜂2 = .07



Take Home Message 2

Chatbots can be used to help people set meaningful long-
term goals and break them down into actionable intentions.
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People often fail to do what is best in the long-
term when it is unpleasant in the short-term
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Making good decisions easier by aligning
short-term reward with long-term value

Goal: Add incentives f so that the short-sighted decision becomes optimal:

Solution:

arg max
a

𝔼𝔼 𝑟𝑟 𝑠𝑠,𝑎𝑎, 𝑠𝑠′ + 𝑓𝑓(𝑠𝑠, 𝑎𝑎) = 𝜋𝜋⋆(𝑠𝑠)

𝑓𝑓 𝑠𝑠,𝑎𝑎 = 𝛾𝛾 ⋅ 𝔼𝔼 𝑉𝑉⋆ 𝑆𝑆′ |𝑠𝑠, 𝑎𝑎 − 𝑉𝑉⋆(𝑠𝑠)

Long-Term ValueShort-Term Reward
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To-Do List Gamification

𝑓𝑓 𝑠𝑠,𝑎𝑎 = 𝛾𝛾 ⋅ 𝔼𝔼 𝑉𝑉⋆ 𝑆𝑆′ |𝑠𝑠, 𝑎𝑎 − 𝑉𝑉⋆(𝑠𝑠)
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+10

+50

https://todo-gamification.herokuapp.com/

https://todo-gamification.herokuapp.com/


To-Do List Gamification
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To-Do List Gamification Alleviates Procrastination

n.s.

p<.001

Lieder, F., Chen, O., Krueger, P.M., & Griffiths, T.L. 2019). Cognitive Prostheses for Goal 
Achievement. Nature Human Behavior.

n.s.
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(𝝌𝝌𝟐𝟐 𝟐𝟐 = 𝟏𝟏𝟏𝟏.𝟖𝟖𝟖𝟖,𝒑𝒑 =.𝟎𝟎𝟎𝟎𝟎𝟎).
32.6%

Proportion of People wasting time on the unimportant project

41.9% 11.1%



Take Home Message 3

We can leverage AI and gamification to repair broken 
incentive structures to help people overcome 
procrastination and make better decisions.

Good job staying
off Facebook.
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First steps towards putting it all 
together











Restructuring the work environment to help people learn to
focus their attention

30. Oktober 2018

Rationality Enhancement: Towards theories 
and tools for helping people become more 
effective
Human judgment and decision-making appear to be 
riddled with numerous systematic errors. Previous 
attempts to attenuate these so-called cognitive biases 
by educating people about them or schooling them 
in the laws of logic, probability theory, and expected 
utility theory have had limited success. In this talk, I 
will outline an alternative approach to improving 
human rationality that grew out of rethinking what it 
means to be rational. In the first part of my talk, I 
will illustrate how making Herbert Simon’s notion 
of bounded rationality mathematically precise allows 
us to derive optimal decision strategies from first 
principles. In the second part of my talk
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Conclusions

• Cognitive tutors and intelligent productivity apps can help 
people overcome procrastination and improve themselves.

• Advances in artificial Intelligence present unprecedented 
opportunities  to empower people.

• To fully realize these opportunities, we need Life Improvement 
Science.
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