
 

 18

Supplementary Information 

 

  

SI Table 1:  Multivariate linear regressions of social anxiety (LSAS) and IQ (Ravens Matrices Scores) on fitted 
valenced EWA parameters (N = 743). Here � represents the inverse temperature, � controls the learning rate, 
and �, which dictates the rate of counterfactual updating, is split into  �� and ��, which control upwards- and 
downwards- counterfactual learning, respectively. 
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SI Table 2: Multivariate linear regressions of psychiatric symptom dimensions (factors) and IQ (Ravens 
Matrices Scores) on fit valenced EWA parameters. Factors were ‘Anxious-Depression’, ‘Compulsive Behavior 
and Intrusive Thought’ and ‘Social Withdrawal’ (Experiment 2, N = 331). Here � represents the inverse 
temperature, � controls the learning rate, and �, which dictates the rate of counterfactual updating, is split into  
�� and ��, which control upwards- and downwards- counterfactual learning, respectively. 
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SI Table 3: Multivariate linear regressions of social anxiety (LSAS) and IQ (Ravens Matrices Scores) on fitted 
EWA parameters (Experiment 1, N = 412). Here � represents the inverse temperature, � controls the learning 
rate, and � dictates the relative rate of counterfactual updating. 
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SI Table 4: Multivariate linear regressions of social anxiety (LSAS) and IQ (Ravens Matrices Scores) on fitted 
EWA parameters (Experiment 2, N = 331). Here � represents the inverse temperature, � controls the learning 
rate, and � dictates the relative rate of counterfactual updating. 
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SI Table 5: Multivariate linear regressions of social anxiety (LSAS) and IQ (Ravens Matrices Scores) on fitted 
valenced EWA parameters (Experiment 1, N = 412). Here � represents the inverse temperature, � controls the 
learning rate, and � dictates the relative rate of counterfactual updating. 
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SI Table 6: Multivariate linear regressions of social anxiety (LSAS) and IQ (Ravens Matrices Scores) on fitted 
valenced EWA parameters (Experiment 2, N = 331). 
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SI Table 7:  Parameter fit values for the standard (top) and valenced (bottom) versions of the EWA model 
estimated separately for each experiment. Here � represents the inverse temperature, � controls the learning 
rate, and �, which dictates the rate of counterfactual updating, is split into  �� and ��, which control upwards- 
and downwards- counterfactual learning, respectively. The columns labeled ( and ) refer respectively to the 
mean and standard deviations (in parentheses) of the subject-level fit values for each experiment. 
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SI Table 8: Comparison of Nash equilibrium predictions and empirical distributions from Rapoport & 
Amaldoss (2000), Zhu et al., (2012), and Experiments 1 & 2. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 17, 2019. ; https://doi.org/10.1101/522433doi: bioRxiv preprint 

https://doi.org/10.1101/522433
http://creativecommons.org/licenses/by-nc-nd/4.0/


SI Figure 2: Distributions of subjects’ scores on the Liebowitz Social Anxiety Scale (LSAS) for Experiment 1.



SI Figure 3: Distributions of subjects’ scores on the Liebowitz Social Anxiety Scale (LSAS) for Experiment 2.
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SI Figure 4: Projected IQ scores for Experiments 1 (left) and Experiment 2 (right) based on subjects’ responses to 
the 9- item abbreviated version of the Raven’s Standard Progressive Matrices (RSPM). 
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  SI Figure 5: Item loadings for (trans-diagnostic) psychiatric factors derived from data in Gillan et al., (2016), (N= 
1413) (left panel) and Experiment 2, (N = 331) (right panel). Factor analysis on the correlation matrix of 209 
questionnaire items suggested that 3-factor solution best explained these data. Factors were ‘Anxious-Depression’, 
‘Compulsive Behavior and Intrusive Thought’ and ‘Social Withdrawal’. Item loadings for each factor are indicated by 
the height of the vertical bars for each respective item (bars extending downwards indicate negative loadings). For 
convenience, item bars are grouped by questionnaire along each factor’s horizontal axis. the color-code (bottom) 
specifies the questionnaire from which each item was drawn: AES (Apathy Evaluation Scale), AUDIT (Alcohol Use 
Disorders Identification Test), BIS (Barratt Impulsiveness Scale 11), EAT (Eating Attitudes Test), LSAS (Liebowitz 
Social Anxiety Scale), OCI (Obsessive-Compulsive Inventory-Revised [OCI-R]), SCZ ((Short Scales for Measuring 
Schizotypy), SDS (Zung Self-Rating Depression Scale), STAI (State Trait Anxiety Inventory). As implied by the shared 
resemblance of the left and right panels, the factor loadings derived from the two datasets were highly correlated: 
Factor 1: R = .94, p <1e-96; Factor 2: R = .91, p <1e-79; Factor 3: R = .91, p <1e-80).   
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SI Figure 6: Correlation matrices of 209 questionnaire items based on data in Gillan et al., (2016), (N= 1413) 
(left) and Experiment 2, (N = 331) (right). Factor analysis indicated that these data were best explained by 3-
factors: ‘Anxious-Depression’, ‘Compulsive Behavior and Intrusive Thought’ and ‘Social Withdrawal’. Items are 
grouped by questionnaire (indicated by the color-code) and the individual item loadings for each factor for are 
presented on the top, left and bottom sides of the correlation matrix. 
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SI Figure 7: Percent change in EWA parameters as a function of social anxiety (LSAS) and IQ 
(Abbreviated 9-item Raven’s Matrices) for subjects from Experiment 1 (A, C; N=412) and 
Experiment 2 (B, D; N = 331). The y-axes indicate the % change in the dependent variable (i.e., β

) for each change of 1 standard deviation (SD) in the predictor (i.e., LSAS or IQ) and error 
bars indicate standard error. The upper and lower panels depict parameters estimated according 
the standard EWA model (A. and B.) and the valenced EWA model (C. and D.) respectively. 
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