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Abstract 

An experiment on choices between single and compound 
lotteries is presented, and results are calibrated with neural 
network models. Many subjects tend to average out 
probabilities, though behavior becomes more rational with more 
exposure to compound lotteries in the practice stage. The Prior 
Knowledge Model hypothesizes that subjects categorize stimuli 
according to the prior knowledge acquired in their long-run 
learning history; practice stage cues help them referring to the 
relevant learning history. The trained networks predict the 
behavior of about 3/4 of the subjects with transitive preferences; 
the model can explain where we would expect the trained 
networks to fail. 
JEL Classification Numbers: C91, D81 
Keywords: conjunction fallacy, neural networks, heuristics, 
probability compounding 
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Figure 1.  A screen from the practice stage 
 
 

 
 
 



Figure 2.  A screen from the testing stage 
 
 

 
 



Figure 3.  Fraction of individual choices describable by simple 
rules (full sample) 
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CP0%, CP15% and CP30% correspond to a 0, 15 and 20% fraction of compound 
lotteries in the practice stage. 
 
 
Figure 4.  The neural network architecture 
 

  
 
The network receives input at the input nodes, as a Boolean vector of numbers 
that can be mapped into lotteries: for example, the vector [1 0 0] corresponds to 
the H lottery, and entails applying a value of 1 to input node 1 (I1) and 0 to input 
nodes 2 and 3 (I2 and I3). The input gets processed downstream by the neural 
network, until it produces an output, equivalent to the activation level (between 
0 and 1) of the output node. This activation can be interpreted as the probability 
attached by the economic agent to the lottery. 



Figure 5. Performance of rules vs. Tabula Rasa Model (TRM) 
trained networks   
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Figure 6. Performance of rules vs. Prior Knowledge Model (PKM) 
trained networks   
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Notes for both figures: 
P Fit (Rules): fraction of subjects with perfect fit of RDF rules; E1 Fit (Rules): 
fraction of subjects for whom the RDF rules fit of at least all but one choice (E1 
stands for allowance of 1 error). P Fit (PKM): fraction of subjects with perfect fit 
by PKM-trained networks; E1 Fit (PKM): fraction of subjects for whom the PKM-
trained networks fit at least all but one choice. 
 



Figure 7. Detailed performance of Prior Knowledge Model (PKM) 
trained networks   
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Table 1. Fraction of subjects describable by rules in the pure and 
robust samples 
 

 
 
Performance of the Rule Description Framework. CP0%, CP15% and CP30% 
correspond to a 0, 15 and 20% fraction of compound lotteries in the practice 
stage. The pure sample includes all subjects with transitive preferences (n=37). 
The robust sample includes all subjects with transitive preferences over the 
simple lotteries (n=58). 
 

Experimental Pure Sample Robust Sample
Condition Product Averaging Sum Overall Product Averaging Sum Overall

CP0% 0.077 0.308 0.154 0.462 0.25 0.45 0.3 0.65
CP10% 0.222 0.667 0 0.889 0.529 0.706 0.059 0.941
CP20% 0.667 0.467 0 0.933 0.714 0.571 0.143 0.952
Total 0.351 0.459 0.054 0.757 0.5 0.569 0.172 0.845



Table 2. p-Rules Framework 
 

p and (1-p) are the weights given to the additive and multiplicative components, respectively, of the compound lottery probability assessment. 
Any p-Rule Pw+1 is the same as its adjacent p-Rule Pw except for one reversion in the preference ordering: label the lotteries whose probability 
ranking gets reverted as pivotal lotteries. The pivotal lotteries are marked as bold in the table, in correspondence each case of the Pw+1 lottery. 
The boundary p-value separating the ranges of any two lotteries always corresponds to the point where the pivotal lotteries are equally 
probable. Example: P1 and P2 are identical except that in one case HL>H and in the other H>HL; at p=0.693, H=HL. 
 
 
Table 3. Spearman correlation matrix between rules and Prior Knowledge Model’s trained networks’ preference orderings 

 
 
The bold numbers correspond to the best describing rule for each network training 
 

p value range Probability Fraction of subjects fitting p-rule in pure sample
p-Rule min max ordering restrictions CP0% CP10% CP20% Total

P1 (sum) 0.693 1 HM>H, M; HL>H, L; ML>M, L; HML>H, M, L 0.154 0 0 0.054
P2 0.6 0.693 HM>H, M; H>HL>L; ML>M, L; HML>H, M, L 0.231 0 0 0.081
P3 0.4667 0.6 HM>H, M; H>HL>L; M>ML>L; HML>H, M, L 0.154 0 0.067 0.081
P4 0.4286 0.4667 HM>H, M; H>HL>L; M>ML>L; H>HML>M, L 0.154 0.222 0.133 0.162

P5 (averaging) 0.2889 0.4286 H>HM>M; H>HL>L; M>ML>L; H>HML>M, L 0.154 0.444 0.133 0.216
P6 (averaging) 0.2 0.2889 H>HM>M; H>HL>L; M>ML>L; H, M>HML>L 0.308 0.444 0.467 0.405

P7 0.1428 0.2 H>HM>M; H>HL>L; M, L>ML; H, M>HML>L 0.231 0.333 0.4 0.324
P8 0.1111 0.1428 H, M>HM; H>HL>L; M, L>ML; H, M>HML>L 0.077 0.222 0.533 0.297
P9 0.0769 0.1111 H, M>HM; H>HL>L; M, L>ML; H, M, L>HML 0.077 0.333 0.667 0.378

P10 (product) 0 0.0769 H, M>HM; H, L>HL; M, L>ML; H, M, L>HML 0.077 0.222 0.667 0.351

CP4-6% HLML6% CP0-2% Add1% Add2% Add3% Add4%
Product 1 0.893 0.679 0.5 0.286 -0.071 0.071
Averaging 0.556 0.815 0.927 0.927 0.927 0.741 0.815
Sum -0.45 -0.036 0.288 0.468 0.721 0.883 0.847
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