Hang Zhang
● Bayesian observer models
● Cognitive illusions as Bayesian inference

Problem set
1. Probability distortion as Bayesian inference. Suppose every trial you
encounter a new slot machine that has a probability of 𝑝 to deliver rewards.
You task is to try the slot machine for 𝑛 = 5 times and estimate its rewarding
probability based on the observed rewarding times 𝑘. You know 𝑝 follows a
Beta distribution over trials: 𝑝~𝐵𝑒𝑡𝑎(3,4). If you are a Bayesian observer with
a quadratic loss function (i.e., squared error), how will the mean of your
estimated 𝑝̂ vary as a function of 𝑝?
(1) Write down your derivation and plot the results.
(2) What if you are allowed to sample each slot machine for 𝑛 = 1,10, 𝑜𝑟 100
times? Plot the results.
2. It’s about your own belief. In Problem 1, if we still have 𝑝~𝐵𝑒𝑡𝑎(3,4) over
trials but you incorrectly believe that 𝑝~𝐵𝑒𝑡𝑎(1,1) (i.e., a Uniform
distribution), how will the mean of your estimated 𝑝̂ vary as a function of 𝑝?
(1) Compare the function under this incorrect prior belief with that under the
correct prior belief. Plot the results.
(2) Compute the resulting mean squared errors for each 𝑝 and over different
values of 𝑝, separately for the correct and incorrect prior beliefs. Compare
between the two beliefs and plot the results.
3. It also depends on how you define loss. In Problem 1, if you use a 0-1
loss function (i.e., 0 if 𝑝̂ matches 𝑝 and 1 otherwise) instead of an L2 loss
function, how will the mean of your estimated 𝑝̂ vary as a function of 𝑝? Plot
your results.

● Bayesian observer models
Abstract: Bayesian observer models refer to a range of computational models
widely used in perception and cognition, where humans, animals or artificial agents
are modeled as ideal observers whose inferences follow the Bayesian theorem and
whose behaviors maximize expected gain. Given our CNeuro2022 schedule, I
assume that you will have already had some experience with Bayesian observer

models and their applications in perception by the time of my lecture. This lecture
will then focus on (1) the application of Bayesian observer models in higher-level
cognition, and (2) practical issues in building and testing Bayesian observer models,
including common mistakes. My goal is to provide a broader view of what Bayesian
observer models are and how they may help us to deepen our understanding of
perception and cognition.
● Cognitive illusions as Bayesian inference
Abstract: It has long been known that many visual illusions can be explained as the
consequence of Bayesian inference. More recently, Bayesian inference, in
conjunction with the concept of efficient coding, has also been used to account for
higher-level “cognitive illusions” (biases), such as the distortions of value and
probability in decision making. In this advanced lecture on Bayesian observer
models, I will discuss several such examples in recent literature. The basic idea is
that the brain tries to use its limited cognitive resources efficiently and reduce the
uncertainty of its internal representations, and in doing so leads to systematic
cognitive biases.
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