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                    Abstract
Influential theories of the decision making process hold that a choice is made once the cumulative weight of noisily sampled information reaches a desired level. While these theories were originally motivated as optimal solutions to statistical problems, the extent to which people optimally spend time deliberating is less well explored. I conduct an experimental test of optimality in a setting where the speed of information processing reflects the difference in value between options. In this case, spending a long time without having arrived at a conclusion signals both that the problem is hard and that the options are similar in value, so the confidence level required to trigger a decision should decline over time. I find that a recently developed theory of the optimal time-varying threshold improves model fit by accurately predicting observed truncation of response time tails. Principles of optimality may thus help account for patterns of choice and response time that characterize the process of deliberation.
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                    Notes
	This body of work builds on related applications which do not explicitly tie the accumulation rate to value (e.g., Hawkins et al. 2014; Otter et al. 2008; Trueblood et al. 2014).


	For more on Bayesian formulations of diffusion models, see Bitzer et al. (2014) and Fard et al. (2017).


	While this is the most widely used optimality criterion across fields of study, it is not the only one that has been proposed (for discussion, see Bogacz et al. 2006; Pirrone et al. 2014; and Bhui 2019). Tajima et al. (2016) calculate numerical solutions for collapsing boundaries under alternative criteria such as reward rate maximization, though Pirrone et al. (2018b) fail to find empirical support for the resulting predictions.


	Although this setup bears some resemblance to the standard race model due to the specification of two independent accumulators, the two models should not be confused. The race model assumes that a response is triggered when either accumulator crosses a given threshold. The uncertain-difference DDM instead treats the accumulators as two sources of information which are used to inform the optimal balance between reward and time expenditure. Hence, the decision criterion can be defined based on any combination of accumulator values. The setup entails that the difference in accumulators is a sufficient statistic for solving the optimization problem in Expression (2), and thus the uncertain-difference model boils down to a version of the DDM. See also Bogacz et al. (2006) for further explication of the technical connections between various sequential sampling models.


	In the present data, an analysis in the Appendix reveals no effect of absolute value on response time, contrary to observations in Teodorescu et al. (2016) and Pirrone et al. (2018a).


	Distinctions between blocks will not be explored in the present analysis since the effects of experience, fatigue, and incentives are confounded.


	It must be noted that due to Caltech’s particular nature, all students have strong quantitative backgrounds and are familiar with the normal distribution.


	Relatively long response times were also observed in Lam and Kalaska (2014).


	Since the properties of the DDM depend only on the ratios between the drift rate, decision threshold, and accumulation noise, one parameter is routinely fixed at some arbitrary level. Typically, this is the noise parameter, but for consistency with the notation of Fudenberg et al. (2018), instead I fix the (conditional) drift rate and allow the accumulation noise to be a free parameter.


	In accordance with the experimental design, σ0 was fixed at 7.


	There were 10,000 replicates per level of value difference, of which there were approximately 40.


	A negative association can also be driven by between-trial parameter variability (e.g., Laming 1968; Ratcliff 1978).
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