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Supplementary Figure S1: Individual Performance at 10 and 30 trials 

 
Note. Beeswarm plots show individual mean accuracy values at 10 and 30 trials. CON: Healthy Controls; 

ARMS: At-Risk for Mental Health; FEP: First-Episode Psychosis. Box plots show the median as horizontal 

bars, and interquartile range as whiskers.  
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Control Analysis: Gender  

To investigate whether there are differences in AI parameters depending on the 

participants’ gender, Yuen’s modified t-tests for independent trimmed means with a bootstrap 

were conducted. Results are shown in Figure S2 and Table S3. No differences of AI parameters 

between female and male participants were observed. However, it should be noted that the 

sample is not balanced for gender (X2(2) = 8.06, p = .018*) and that the sample size is too low 

to investigate potential interaction effects of gender and group membership.  
 

Supplementary Figure S2: Control Analysis for Potential Gender Effects 

 
Note. Robust comparison of gender differences of modelled parameters based on Yuen’s 

modified t-test for independent trimmed means with a bootstrap method. Box plots show the 

median as horizontal bars, and interquartile range as whiskers. P(context=w): Optimism prior; 

P(a*=go|context=w): Pavlovian win prior; P(a*=no go|context=AL): Pavlovian loss prior; 

Precision of Preference over Outcome: Outcome sensitivity. 
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Supplementary Table S3:  

Control Analysis for Gender Effects 

Parameter Female 

(N = 23) 

Male 

(N = 55) 

Group comparisons 

Mean 

(SD) 

Mean 

(SD) 

Optimism prior  0.51 

(0.05) 

0.51 

(0.04) 

Mdiff = 0.00 [-0.26, 0.03],  

Yt = 0.25, p = .797 

Pavlovian win prior  0.58 

(0.07) 

0.55 

(0.06) 

Mdiff = 0.01 [-0.03, 0.06],  

Yt = 0.63, p = .523 

Pavlovian loss prior 0.51 

(0.03) 

0.52 

(0.06) 

Mdiff = 0.01 [-0.02, 0.04],  

Yt = 0.65, p = .506 

Outcomes sensitivity 5.05 

(0.02) 

5.07 

(0.09) 

Mdiff = -0.00 [-0.02, 0.01],  

Yt = -0.62, p = .522 

Forgetting 0.42 

(0.16) 

0.47 

(0.20) 

Mdiff = 0.01 [-0.10, 0.13],  

Yt = 0.24, p = .807 

Prior on Policy Precision 1.40 

(0.38) 

1.61 

(0.65) 

Mdiff = 0.05 [-0.20, 0.30],  

Yt = 0.40, p = .687 

Free Energy  -71,80 

(19.91) 

-70.52 

(22.54) 

Mdiff = 9.27 [-4.79, 23.27],  

Yt = 1.36, p = .175 

Maximum Likelihood -70.14 

(19.22) 

-68.73 

(22.64) 

Mdiff = 8.59 [-5.04, 22.22],  

Yt = 1.28, p = .204 

Note.  Robust comparison of gender differences of modelled parameters based on Yuen’s modified t-

test for independent trimmed means with a bootstrap method. No significant differences of modelled 

parameters were found (for illustration see Supplementary Figure S3). Mdiff: Mean difference [95% 

confidence interval] 
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Control Analysis: Antipsychotic Medication 

To investigate whether there are effects of antipsychotic medication on group 

differences in AI parameters, robust ANOVA analyses based on trimmed means using the 

bootstrap method were conducted. Here, we compared unmedicated healthy controls, 

unmedicated ARMS individuals, and medicated FEP patients. Excluding medicated ARMS 

individuals and unmedicated FEP patients did not lead to different results (see Figure S4 and 

Table S5). Please note that the sample size did not allow to investigate potential interaction 

effects of antipsychotic medication within groups.   
 

Supplementary Figure S4: Control Analysis for Potential Gender Effects 

 
Note. Robust ANOVA analysis of group differences of modelled parameters based on trimmed 

means using the bootstrap method to investigate the effect of antipsychotic medication. Box 

plots show the median as horizontal bars, and interquartile range as whiskers. P(context=w): 

Optimism prior; P(a*=go|context=w): Pavlovian win prior; P(a*=no go|context=AL): 

Pavlovian loss prior; Precision of Preference over Outcome: Outcome sensitivity. 
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Supplementary Table S5: 

Control Analysis for Potential Effects of Antipsychotic Medication 

Parameter CON 

(unmedicated) 

ARMS 

(unmedicated) 

FEP 

(medicated) 

Group comparison Post hoc comparisons 

N Mean 

(SD) 

N Mean 

(SD) 

N Mean 

(SD) 

CON vs. 

FEP 

CON vs. 

ARMS 

ARMS vs. 

FEP 

Optimism prior  30 0.50 

(0.05) 

21 0.51 

(0.04) 

19 0.52 

(0.04) 

Ft = 0.34 

p = .724, ξ = 0.14 

   

Pavlovian win prior  30 0.56 

(0.07) 

21 0.55 

(0.05) 

19 0.56 

(0.07) 

Ft = 0.82,  

p = .45, ξ = 0.16 

   

Pavlovian loss prior 30 0.52 

(0.05) 

21 0.50 

(0.05) 

19 0.53 

(0.05) 

Ft = 0.85,  

p = .447, ξ = 0.23 

   

Outcomes sensitivity 30 5.08 

(0.10) 

21 5.06 

(0.03) 

19 5.03 

(0.07) 

Ft = 2.53,  

p = .099, ξ = 0.38 

0.01, 95% CI [-

0.01, 0.04], 

p = .108 

-0.01, 95% CI [-

0.02, 0.02], 

p = .601 

0.02, 95% CI [-

0.00, 0.04], 

p = .043* 

Forgetting 30 0.41 

(0.16) 

21 0.44 

(0.20) 

19 0.59 

(0.16) 

Ft = 6.33,  

p = .009**, ξ = 0.55 

-0.19, 95% CI [-

0.32, -0.06], p < 

.001*** 

-0.01, 95% CI [-

0.16, 0.13], 

p = .820 

-0.19, 95% CI [-

0.32, -0.04], 

p = .003** 

Prior on Policy Precision 30 1.69 

(0.66) 

21 1.59 

(0.35) 

19 1.33 

(0.64) 

Ft = 1.58,  

p = .239, ξ = 0.39 

   

Free Energy  30 -63.32 

(23.30) 

21 -71.77 

(15.49) 

18 -82.68 

(20.21) 

Ft = 3.42  

p = .061, ξ = 0.47 

21.99, 95% CI 

[2.33, 39.89], 

p = .010* 

8.62, 95% CI [-

7.94, 25.29], 

p = .213 

13.37, 95% CI [-

3.69, 27.74, 

p = .071 

Maximum Likelihood 30 -61.33 

(23.45) 

21 -69.65 

(15.36) 

19 -81.06 

(19.20) 

Ft = 4.26,  

p = .028*, ξ = 0.45 

21.46, 95% CI 

[4.04, 36.88], 

p = .003** 

8.59, 95% CI [-

6.17, 22.52], 

p = .154 

12.87, 95% CI [-

0.81, 24.86], 

p = .025* 

Note. Robust ANOVA analysis of group differences of modelled parameters based on trimmed means using the bootstrap method to investigate the effect of antipsychotic medication. 

Similar results were obtained when comparing unmedicated healthy controls, unmedicated ARMS individuals, and medicated FEP patients. Please note that due to the sample size and 
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the unbalanced groups, it is not possible to investigate potential interaction effects between group membership and antipsychotic medication. Significant results from robust post hoc 

analyses are shown (*p < 0.05, **p < 0.01, ***p< 0.001) based on the test statistic ψ; CON: Healthy Controls; ARMS: At-Risk for Mental Health; FEP: First-Episode Psychosis. 
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Logistic Regression and ROC Analysis 
The coefficients of the logistic regression were used to generate predicted probabilities for the group membership 

for each participant. Using the mean prediction as the cut-off value, participants were then assigned to one of the 

two groups, and sensitivity, specificity, and accuracy values were obtained. In the ROC analyses, the predicted 

probabilities were combined with varying cut-off values for classification. 
 

Results of Logistic Regression based on AI Parameters 

 

Supplementary Figure S6: Results of Logistic Regression Analyses based on AI Parameters 

CON vs. ARMS 

 
CON vs. FEP 
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ARMS vs. FEP 

 
Note. Outputs for logistic regression analyses for all three contrasts based on AI parameters. CON: Healthy 

Controls; ARMS: At-Risk for Mental Health; FEP: First-Episode Psychosis. 
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Post hoc power analysis  

We used G*Power 3.1 (Faul et al., 2009) to conduct a post hoc power analysis for the largest 

effect obtained in the robust ANOVA analysis of the AI parameters for the parameter forgetting 

(Ft = 5.08,  

p = .013*, ξ = 0.42). Given our sample size of 80, the alpha level 0.05, and the effect size f = 

0.33 which was calculated in G*Power 3.1 and corresponds to a medium to large effect size, 

comparable to the value of the explanatory effect size of ξ = 0.42, the analysis revealed a power 

of 1 - β = 0.74 suggesting that larger samples are needed in future studies.  
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Results of Logistic Regression based on Task Performance 

Supplementary Figure S7: Results of Logistic Regression Analyses based on Task Performance 

CON vs. ARMS 

 
CON vs. FEP 
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ARMS vs. FEP 

 
Note. Outputs for logistic regression analyses for all three contrasts based on task performance. CON: 

Healthy Controls; ARMS: At-Risk for Mental Health; FEP: First-Episode Psychosis. 
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Results of Logistic Regression based on Task Performance 

Supplementary Figure S8: Results of Logistic Regression Analyses based on AI parameters and Task 

Performance 

CON vs. ARMS 

 
CON vs. FEP 
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ARMS vs. FEP 

 
Note. Outputs for logistic regression analyses for all three contrasts based on task performance. CON: 

Healthy Controls; ARMS: At-Risk for Mental Health; FEP: First-Episode Psychosis. 
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Leave-One-Out ROC-Analysis for the Comparison Controls-ARMS Based on Performance and 

Model Parameters Combined 

 

 

 

  

Supplementary Table S9 

Leave-One-Out ROC-Analysis for the Comparison Controls-ARMS Based on Performance and Model 

Parameters Combined 

Parameter AUC Specificity Sensitivity Accuracy 

All parameters 0.7419 0.70 0.65 0.67 

Optimism prior  0.7097 0.65 0.68 0.67 

Pavlovian win prior  0.6957 0.65 0.61 0.63 

Pavlovian loss prior 0.7111 0.65 0.61 0.63 

Outcomes sensitivity 0.7195 0.70 0.71 0.70 

Forgetting 0.7027 0.65 0.61 0.63 

Prior on Policy 

Precision 

0.7391 0.70 0.61 0.65 

Free Energy  0.6985 0.61 0.65 0.63 

Cue 1 0.7363 0.70 0.58 0.63 

Cue 2 0.7265 0.61 0.68 0.65 

Cue 3 0.7083 0.65 0.61 0.63 

Cue 4 0.6985 0.57 0.68 0.63 
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Relationship between AI Parameters and Clinical Parameters 

 

Supplementary Figure S10: Heatmaps AI Parameters and Clinical Parameters 

 
 

 

Note. Correlations of AI parameters and clinical scores across Controls (A), ARMS (B), FEP (C) and 

across all participants (D). Cross: p > .05   
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Model fit – Comparison of Learners and Non-Learners in the Final 20 Trials 

 

To investigate whether the AI model provides a better fit for the better-performing individuals, 

we used  the fraction of correct responses in the final 20 trials, as previous  research observed 

that performance approximately stabilizes by this time point (Adams et al., 2020; Moutoussis 

et al., 2019). 

 

Supplementary Figure 3: Comparison of Model Fit Parameters  

 
Note. ANOVA analysis of group differences of maximum likelihood measures for learners compared to 

non-learners. Significant results from the Tukey corrected post hoc analyses are shown (*p < 0.05, **p < 

0.01, ***p< 0.001). CON (Healthy Controls); ARMS (At-Risk for Mental Health); FEP (First-Episode 

Psychosis). Box plots show the median as horizontal bars, mean as small red dot, group mean as large red 

dot, interquartile range as whiskers. 

 

Based on the findings of Adams et al. (2020), we compared the model fit as assessed by 

maximum likelihood measures for learners vs. non-learners within and between groups. A two-

way ANOVA showed significant main effects for both variables group (F(2,74) = 4.21, p = .19) 

and learners (F(1,74) = 29.33, p < .001) without a significant interaction effect. Post-hoc Tukey 

tests revealed that maximum likelihood values were significant higher for healthy controls 

compared to FEP individuals (2.71, 95% CI [1.53, 24.5], p = .023) and that the model fit was 

in general better for learners compared to non-learners (21.9, 95% CI [13.8, 29.9], p < .001).   
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Power Analysis: 

We used G*Power 3.1 to conduct a post hoc power analysis for the largest effect obtained in 
the robust ANOVA analysis of the AI parameters for the parameter forgetting (Ft = 5.08,  
p = .013*, ξ = 0.42). Given our sample size of 80, the alpha level 0.05, and the effect size f = 
0.33 which was calculated in G*Power 3.1 and corresponds to a medium to large effect size, 
comparable to the value of the explanatory effect size of ξ = 0.42, the analysis revealed a 
power of 1 - β = 0.74 suggesting that larger samples are needed in future studies. 
 


