
 accordingly is not well understood. Recent

psychophysical experiments have shown humans and other

animals can achieve near-optimal performance at two

alternative forced choice (2AFC) tasks in dynamically changing

environments. Characterization of performance requires the

derivation and analysis of computational models of optimal

decision-making policies on such tasks. We review recent

theoretical work in this area, and discuss how models compare

with 

theoretical
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How are normative models and optimal policies in

dynamic environments characterized? Older observations

have less relevance in rapidly changing environments

than in slowly changing ones. Ideal observers account

for environmental changes by adjusting the rate at which

they discount prior information when making inferences

and decisions [17�]. In Box 1 we show how, in a normative

model, past evidence is nonlinearly discounted at a rate

dependent on environmental volatility [5,17�]. When this

volatility [8] or the underlying evidence quality [13��,18]
are unknown, they must also be inferred.

In 2AFC tasks, subjects accumulate evidence until they

decide on one of two choices either freely or when interro-

gated. In these tasks, fluctuations can act on different

timescales (Figure 1a): on each trial (Figure 1b,c) [5,6��],
unpredictably within only some trials [19�,207 Tm
5996 2
1
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To understand how subjects adapt to constancy and flux

across trials, classic 2AFC experiments have been

extended to include correlated cross-trial choices

(Figure 2b) where both the evidence accumulated during

a trial and probabilistic reward provide information that

can be used to guide subsequent decisions [16,29]. When

a Markov process [30] (Figure 1b) is used to generate

correct choices, human observers adapt to these trial-to-

trial correlations, and their response times are accurately

modeled by drift diffusion [11] or ballistic models [16]

with biased initial conditions.

Feedback or decisions across correlated trials impact dif-

ferent aspects of normative models [31] including accumu-

lation speed (drift) [32–34], decision bounds [11], or the

initial belief on subsequent trials [12,35,36]. Given a

sequence of dependent but statistically identical trials,

optimal observers should adjust their initial belief and

decision threshold [16,28], but not their accumulation

speed in cases where 



obtain the same level of certainty. Theoretical studies

have shown that it is optimal to change one’s decision

criterion within a trial when the difficulty of a decision

varies across trials [13��,18,37]. The threshold that deter-

mines how much evidence is needed to make a decision

should vary during the trial (Figure 3a) to incorporate up-

to-date estimates of trial difficulty [18]. There is evidence

that subjects use time-varying decision boundaries to

balance speed and accuracy



a model of value-based decisions, where the reward

amounts change between trials [42]. Overall, optimal

performance on tasks in which reward structure or deci-

sion difficulty changes across trials require time-varying

decision criteria, and subject behavior approximates these

normative assumptions.

One caveat is that extensive



dependencies likely require memory processes that span

minutes, while within trial changes require much faster

adaptation (milliseconds to seconds).

This leaves us with a number of questions: How does the

brain bridge timescales to learn and implement adaptive

evidence integration? This likely requires coordinating fast

neural activity changes with slower changes in network

architecture [8]. Studies of decision tasks in static environ-

ments suggest that a subject’s belief and 
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