
Better Than Maximum Likelihood Estimation of Model-based and Model-free Learning Styles 
Supplementary 2 (Analyzing the Model Fitting More Precisely)
Effect of Agent Parameter Set in Model Fitting
Variation of models in model fitting can lead to different error levels, but what about the agent model version? To investigate this effect, we ran 5000 independent agents with different versions listed in the manuscript. For each data set, all model versions and ML and MAP model fittings are applied to the observation. 
These fittings by ML and MAP are summarized in Fig S2-1-A and B, respectively. Based on this figure, when the agent has zero eligibility trace (IS‑0E‑NS or DS‑0E‑NS), and the fitting method assumes a significant eligibility trace (IS‑1E‑NS or DS‑1E‑NS), the estimation error is extensive. Also, the error is substantial in reverse situations. The eligibility trace (λ) controls the effect of the second stage state-action reward on the first stage action value in SARSA-λ machinery. The λ value strongly affects the behavior of pure SARSA-λ. So, by the wrong assumption for the λ value, the information about MB-MF in behavior will be confusing and result in a massive error in the w estimation. 
Additional to this remarkable point, knowing the model that the RL agent has used does not always result in a lower error, especially when the model is more complicated. It seems that the randomness of behavior and especially overfitting in the more complex model cause this point.
ZA)
B)
MAE of MLE fitting
MAE of MAP fitting

[bookmark: _Ref117546376]Fig S2-1. Mean Absolute Error and [STD] of a different model version of fitting by A: ML and B: MAP versus agent model version. Each row is 5000 agents who performed the task independently, and the column is the result of fitting the model versions to observed behavior.

Effect of agent learning rate and temperature on model fitting
Assume that an agent uses the IS‑1E‑NS model while performing the Daw task, and w is extracted by the best model based on the AIC. The question here is whether the parameter’s value of the model affects fitting error. To this end, we run 5000 agents with fixed number sets of learning rate (α) and inverse temperature (β) individually while all other parameters are sampled randomly.
 Fig S2-2 demonstrates the result of this simulation. Fig S2-2-A shows that, the estimation error is significantly higher in the low learning rate. A low learning rate means that the agent cannot follow the changes in the environment, i.e., the changes in the environment are faster than that can be tracked by the low learning rate. This agent has difficulty in choice evaluation by both MF and MB styles. This difficulty ends in wrong decisions that seem random, and model fitting faces more challenges and results in a higher error.
Fig S2-2-B shows that agents with low inverse temperature (β<3) have high MAE, decreasing for larger β values. A low value of β means more exploration, and similar to the low value of α results in more behavior that seem random.
A)
B)

[bookmark: _Ref117546025]Fig S2-2. Effect of Agent learning rate (A) and inverse temperature (B) on the fitting performance: Each point represents 5000 agents that perform the task independently. Agents use the 3ParamV1 model, and other parameters are random. Then both MLE and MAP model fitting are used to extract the w from observed behavior, and the best model version is selected based on AIC.
The α controls the effectiveness of the new trial in comparison with the previous estimation. Low α values mean that previous estimation is precise enough for decision-making from an agent’s point of view. Hence, the new observation for rewarded or unrewarded action changes the evaluation slightly. This small change results in the same behavior on MB and MF systems. 
Inverse temperature, on the other hand, controls the exploration-exploitation trade-off. The low β values result in a similar choice probability for actions regardless of their values, which means more exploration. In this case, the effect of action’s values calculated by either MB or MF systems decreases and marginally (β became zero) is ignored. So, it is expected that the explorative subject has slight information about MB or MF system preference, and extracting the subject’s preference towards MB style will be more difficult by any estimation. High β values show that even slightly higher values of action make them more preferred choices, indicating of the exploitative behavior. For high β values, either little or huge differences in action-values have the same effects on the behavior.
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