
Probabilistic 
judgement  
Uncertainty, risk

Decision theory  
Preferences, choices

Game theory  
Strategies, moves 

Subjective 
probability

Expected utility 
maximisation

Reward 
maximisation

 Methodology: Normative theory versus descriptive theory

Perceived probabilities 
and observed processing
(axioms may not hold)

Observed choice 
behaviour

Observed moves and 
motives

Normative 
approaches 

Descriptive 
approaches



Methodology: Sequence of coin tosses

One of these sequences was generated by a sequence of coin 
tosses, the other one was generated by students being told to 
write down a sequence generated by coin tosses.

Which one is the sequence generated by coin tosses?



Methodology: Sequence of coin tosses

How can you tell? Which features can you look at?
• number of heads, number of tails
• number of alternations
• numbers of runs



Methodology: Sequence of coin tosses

Runs of H of lengths r

H 3 4 5 6 7 8
#1 6 3 2 2 0 2
#2 11 5 1 0 0 0

T 3 4 5 6 7 8
#1 6 1 2 2 0 0
#2 9 4 2 0 0 0

Runs of  T of lengths r



Methodology: 
Expected number of runs in a sequence of coin tosses



R <- vector(length=10) 
N=200 
for (r in 1:10){R[r]=(N-r+1)*2^{-1-r}} 

> round(R, digits=1) 
 [1] 50.0 24.9 12.4  6.2  3.1  1.5  0.8  
0.4  0.2  0.1



R <- vector(length=10) 
N=200 
for (r in 1:10){R[r]=(N-r+1)*2^{-1-r}} 

> round(R, digits=1) 
 [1] 50.0 24.9 12.4  6.2  3.1  1.5  0.8  
0.4  0.2  0.1

H 3 4 5 6 7 8
#1 6 3 2 2 0 2
#2 11 5 1 0 0 0

T 3 4 5 6 7 8
#1 6 1 2 2 0 0
#2 9 4 2 0 0 0

Compare with sum of the entries in the tables below



Methodology: 
Distribution of the longest run

Strategy: 
• Partition the set of these sequences
• derive a recursive formula



Methodology: 
Distribution of the longest run

Strategy: 
• Partition the set of these sequences
• derive a recursive formula

Key idea: 



Methodology: 
Distribution of the longest run





Distribution of longest run lengths

n=50

n=100

n=200



High density in heads or tails in repeated chain tossing. If a 
coin toss is repeated several times and the majority of the 
results consists of "heads", the assumption of local 
representativeness will cause the observer to believe the 
coin is biased toward "heads".

https://www.random.org/coins/

Try yourself. If you don’t have any change to toss, use the online 
coin flip simulator at:

Human perception: Coin tossing

https://www.random.org/coins/

