
Course on Rational Belief Formation
Everyday we find ourselves in situations where we do not have complete, accurate and
fully trust-worthy information on all the relevant aspects. This raises the question of
what our beliefs in the relevant aspects are and how we form them. Since our actions
crucially depend on our beliefs and our actions expose us to potential losses, properly
formed beliefs are a prerequisite for rational actions.

How to cache out “rationality” and “rational beliefs”?, is a long-standing epistemic
question in philosophy. Answers are typically given in terms of rationality norms an
agent ought to obey when forming beliefs in the face of imperfect information. One
of the most basic of these is the probability norm: the agent’s beliefs ought to satisfy
the axioms of probability. The philosophical questions arises as to how the probability
norm can be justified.

The general aim of this course is to give an introduction to current approaches to
rational belief formation and how they may be justified.

Day-by-Day Outline

Day 1 - Introduction & Motivation, Probabilism
The session will begin with a gentle introduction in which I will explain the relevance
of the area to important applied and epistemic problems.

Bullet Point Outline

• Introduction & Motivation: Explain relevance of rational belief formation for
Artificial Intelligence (in particular for Multi-Agent Systems and Autonomous
Agents) and Epistemology.

• We shall focus on rational degrees of belief, which shall interpret to be proba-
bilistic beliefs.

• Having decided on using probabilistic beliefs we need a theoretical underpinning
that such a choice is well motivated: Dutch Book, Cox’s Theorem.

Day 2 - Inference Processes, Entropy maximization
An important class of approaches to rational belief formation are inferences processes.
An inference process is a map, which assigns sets of probability functions to a prob-
ability function. Inference processes may be applied as follows: Suppose an agent
possess evidence E . Let us denote by E the set of probability functions consistent with
E . An inference process then picks out a probability function (normally in E) the agent
ought to adopt. Entropy maximization is a very-well understood, ever popular and
well-justified inference process which picks out the probability function with greatest
Shannon Entropy. This function is the most equivocal function in E.

In the first part of Day 2 I will look at inferences in general and then move on to
talk about particular inference processes. The second half will be spend on entropy
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maximisation.

Bullet Point Outline

• Introduction & Motivation

• Particular Inference Processes

• Entropy Maximization: Language invariance, irrelevant information.

Day 3 - Inductive Logic
A highly influential contribution to the philosophy of science was Rudolf Carnap’s pro-
gramme on inductive logic. This programme was aimed at explicating and formalising
everyday and scientific inductive reasoning. Today, Carnap’s programme is continued
by the Manchester School of inductive logic which investigates principles of ratio-
nality an agent should obey in the complete absence of knowledge. The assumption
of zero information sets the Manchester approach apart from the inferences processes
discussed on Day 2.

Bullet Point Outline

• Introduction & Motivation

• Principles of Exchangeability

• Representation Theorems.

Day 4 - Scoring rules
Philosophically, Dutch Book Arguments underpinning probabilistic beliefs have re-
cently begun loosing their once widespread appeal. Epistemic utility theory has emerged
as one approach aiming to give a unified account of axiomatic justifications of princi-
ples of rational belief formation (such as the principle of indifference or the probability
norm). Recent axiomatic results in this vein rely on the technical notion of a scoring
rule. We shall thus study various aspects of scoring rules relating to rational belief
formation as well as decision making.

Bullet Point Outline

• Introduction & Motivation

• The Brier Score: De Finetti’s Theorem

• Epistemic vs. Statistical Scoring Rules

• Epistemic Utility Theory

• Relevance to Decision Problems

• Entropy Maximization.
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Day 5 - Related Areas and Problems
On the final day I will consider related areas and problems. This should give partic-
ipants an idea of how the presented material relates to other areas. In particular, I
shall briefly discuss some alternative non-probabilistic approaches to belief formation
as well dynamic belief change prompted by obtaining new evidence. Finally, I briefly
touch on the practical problem of how the private beliefs of an agent may be elicited.

Bullet Point Outline

• Imprecise Probabilities: Applications to decision making

• Dempster-Shafer Theory

• Belief revision and updating: AGM, updating by conditionalisation, Jeffrey up-
dating, minimum cross entropy updating

• Fuzzy logic: Three possible interpretations of fuzzy sets

• Belief elicitation.
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