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1. Introduction
In this lecture we consider decision theory, an attempt to provide a mathe-
matical characterisation of rational behaviour.

This lecture depends on you having studied some sections from a previous
lecture:

+ Goal-Directed and Habitual Processes in Lecture 01
For the minimum course of study, consider only these sections:

o Expected Utility (section §3)
« What Are Preferences? (section §4)
 Dual Process Theory Opposes Decision Theory? (section §5)

Alternatively, if you have more time but not enough for everything, skip
Dual Process Theory Opposes Decision Theory? (section §5) and study the other
sections.

There is a bit more than usual to cover this week, which will be hard if this
is your first encounter with decision theory.

2.  We Need a Shared Understanding

What anchors our understanding, as researchers, of action, belief, desire and
the rest? We examine potential sources for such an understanding—folk
psychology and philosophy and find that they cannot anchor a shared un-
derstanding. This is where decision theory may be useful: it promises to a
formal framework which can elucidate notions of belief and desire, thereby
providing a shared understanding.

What anchors our understanding, as researchers, of action, belief, knowledge
and the rest?

2.1. 'The Argument
1. We as researchers need a shared understanding of belief and desire.

2. There are three potential sources of shared understanding: folk psy-
chology, philosophy and decision theory.

3. Folk psychology does not provide a shared understanding.
4. Nor does philosophy.

Therefore:
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5. We need decision theory to provide a shared understanding.

To evaluate this argument we need to check premises 3 and 4.

2.2. Premise 3: Folk Psychology

Could our everyday expertise as mindreaders anchor our understanding?
Consider Lewis (1972). He postulates that there are a set of platitudes con-
cerning mental states which are common knowledge among us all. He also
claims that if we assembled these platitudes, we could use them to define
mental state terms like ‘intention’” and ‘knowledge’.

If this were true it would mean that we can rely on our everyday expertise
as mindreaders to anchor our understanding, as researchers, of knowledge,
intention and the rest. But is it true?

To illustrate how his view works, Lewis imagines that some important plati-
tudes have this form:

‘When someone is in so-and-so combination of mental states
and receives sensory stimuli of so-and-so kind, he tends with
so-and-so probability to be caused thereby to go into so-and-so
mental states and produce so-and-so motor responses.” (Lewis
1972, p. 256)

But what are these platitudes that are supposed to be common knowledge?
Heider (1958, p. 12) offered what is probably still, more than half a century
later, the most sustained, carefully developed attempt to ‘make explicit the
system of concepts that underlies interpersonal behavior’.! There isn’t much
in Heider’s work that looks useful for defining ‘intention’ or ‘knowledge’.

It is also striking that not very much of Heider’s construction could plausi-
bly be regarded as common knowledge among ordinary mindreaders. Heider
relies on a mix of informal observation, imagination, guesswork as well as
philosophers’ ideas (Ryle and Satre, for example), my guess is that we should
regard the principles he identifies not as articulating an understanding that
we all share but rather as an imaginative take on possible strategies for ev-
eryday mindreading. In fact, Heider’s approach is not that different from
philosophers like Bratman or Alvarez.

1" Heider did not share Lewis’ assumption about being able to rely on common knowledge

of platitudes alone. On Heider’s view, ‘If people were asked about these conditions they
probably would not be able to make a complete list of them. Nevertheless, these assump-
tions are a necessary part of interpersonal relations; if we probe the events of everyday
behavior, they can be brought to the surface and formulated in more precise terms’ (Hei-
der 1958, p. 60).
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But if Lewis were right about common knowledge of platitudes anchoring
mental state terms, either Heider’s work should have turned out very differ-
ently or else there should be a lot less disagreement among the philosophers.
This is why I think Lewis must be wrong.

(We might be able to use theories to specify models that help us charac-
terise the expertise of ordinary mindreaders. But of course this presupposes
a shared understanding of belief, desire and the rest in the first place.)

2.3. Premise 4: Philosophy

Could philosophical accounts provide a shared understanding of notions like
belief and desire?

One obstacle is widespread apparent disagreement among philosophers.

Take intention, for example. It is not just that philosophers disagree on
whether intentions are beliefs about the future (Velleman 1989), or belief-
desire pairs (Sinhababu 2013), or something entirely distinct from both be-
liefs and desires (Bratman 1987). Nor is it just that some think of intentions
as essentially components of plans (Bratman 1987 again) whereas others do
not connect intentions with plans at all (Searle 1983). Nor is it even that there
is much disagreement about how intentions relation to action, to knowledge
and to belief. Philosophers even disagree on whether intentions are mental
states at all.?

There is similar radical disagreement concerning knowledge, and concerning
emotions.

The radical disagreement is an obstacle to using philosophical accounts to
anchor understanding just because there is such deep and widespread dis-
agreement among the philosophers.

But there is another, deeper reason for thinking that we cannot use philo-
sophical accounts to anchor our understanding, as researchers, of knowledge,
intention and the rest.

Philosophers have different, mostly unarticulated aims. Some philosophers
seem to be proposing new ways of thinking in the hope that we adopt them.
Others appear to be attempting to make explicit principles that are implicit
in a particular tradition of law or in the activities of a particular historical
culture. And of course some are trying to make systematic things that seem
so obviously true that we can accept them without having any reason to do
so (e.g. Lewis 1969).

2 “There is a deep opposition here between accounts that take intention to be a mental state

in terms of which we can explain intentional action, and those that do not’ (Setiya 2014).
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A further problem is that philosophical analysis often appear to rely on re-
searchers’ own ideas about folk psychology (returning us to the problems of
the previous section). Or so Nagel argues:

‘Unless there is a special reason to think that knowledge at-
tributions work quite differently when we are reading phi-
losophy papers—and [there is] evidence against that sort of
exceptionalism—we should expect to find that epistemic case in-
tuitions [which are among the things that inform philosophers’
views about what knowledge is] are generated by the natural
capacity responsible for our everyday attributions of states of
knowledge, belief and desire. This capacity has been given vari-
ous labels, including ’folk psychology’, ‘mindreading’, and ‘the-
ory of mind” (Nagel 2012, p. 510).

If Nagel is right, appealing to philosophy to ground a shared understanding
also inherits the problems of relying on folk psychology; so it is not even a
genuine alternative.

2.3.1. Limit

To be clear, let me distinguish two claims:

1. We could (mis)use philosophical accounts of minds and ac-
tions to characterise various models of mind.

2. Philosophical accounts of minds and actions anchor a
shared understanding of what knowledge, belief, joy and
the rest are.

I am rejecting the second claim only. (The first claim has been very good
to me, and I hope to keep misusing philosophical accounts of minds and
actions.)

2.4. Conclusion

The argument works: we lack a shared understanding of belief and desire.
This is where decision theory may be useful: it promises to a formal frame-
work which can elucidate notions of belief and desire, thereby providing a
shared understanding (Jeffrey 1983).

2.5. Optional Extra: Operationalization

A third potential source of shared understanding (in addition to folk psy-
chology and philosophy) is operationalisation. A variety of scientists have
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offered operationalisations of abilities to attribute mental states. Perhaps we
could use these to anchor a shared understanding?

This is a tempting idea, but it faces two problems. First, we do not really know
much about the structure of Theory of Mind, and different researchers use
different taxonomies (Happé et al. 2017; Beaudoin et al. 2020).> Second, while
there is some evidence that a wide range of false belief tasks appear to test
for a single underlying competence (Flynn 2006, p. 650; Wellman et al. 2001),
when we turn to theory of mind tasks more broadly we find that different
theory of mind tasks appear to test for different things in the sense that
an exploratory factor analysis fails to find that they load on a single factor
(Warnell & Redcay 2019).*

This means that when faced with the question of what anchors our under-
standing, as researchers, of action, belief, knowledge and the rest it is not
enough simply to point to an operationalisation.

This does not mean, of course, that operationalisations are irrelevant, only
that they cannot currently provide a shared understanding of notions like
belief and desire.

3. Expected Utility

The bare minimum you need to know about how actions and rationality are
represented in decision theory and in game theory for the purposes of this
course.

This section is concerned with understanding the way of representing ac-
tions and rationality used in almost any variety of decision theory.

This is not very deep. But you need to understand how the representation
of actions is supposed to work in order, later, to understand the theory.

This may well already be familiar ground for you. If so, take a quick look at
the slides to check you understand the terminology we will use.

See Beaudoin et al. (2020, p. 15): “The lack of theoretical structure and shared taxonomy
in ToM definitions and its underlying composition impedes our ability to fully integrate
ToM in a coherent and comprehensive framework linking it to various socio-cognitive
abilities, a pervasive issue observed across the domain of social cognition’

It is important to be clear about why this is a problem. It is not a problem that Theory
of Mind may involve a variety of different processes and models, so that no single factor
will explain performance across a sufficiently diverse set of tasks. But if you want to say,
independently of answering the question about models, that we have a solid operational-
ization of Theory of Mind, then you need statistics to show that your operationalization
has some kind of internal coherence. And that is what appears to be missing.
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I am mostly following Jeffrey (1983) as this is still the introduction that best
combines a deep understanding of the topic with philosophical motivations.

3.1. Alternative Text

If you prefer to read a philosopher presenting the core ideas, Bermudez (2009,
chapter 1) is one option. (Bermudez is summarizing Jeffrey (1983), so read
Jeffrey (1983) if you can.)

3.2. Terminology

The choice of terms used in this lecture mostly follows Jeffrey (1983), with a
few exceptions where his choices are less familiar.

Make sure you understand the terminology and can relate it to the example
choice scenario used as an illustration.

Be sure to use the terminology consistently, and with precision, in your writ-
ing.

4. What Are Preferences?

An informal presentation of Jeffrey (1983, chapter 3) on how decision theory
enables us to think of subjective probabilities and preferences as simultane-
ously derivable from patterns of action.

We have relied on notions of belief and desire in considering both philosoph-
ical (in ** ERRoR! MISSING xref FOR unit : philosophical;heoriesyabits
**) and psychological theories (in Goal-Directed and Habitual Processes in Lec-
ture 01) of instrumental action and joint action.

But what anchors our understanding, as researchers, of these notions? While
some of us might use these words in everyday life, there is probably enough
diversity between individuals with different cognitive styles (e.g.~Perner &
Leekam 2008), different upbringings (e.g.~Morgan et al. 2014) or different
cultural backgrounds (e.g.~Dixson et al. 2018) that whatever understandings
you and I have in everyday life may not entirely overlap. And invoking a
philosophical theory does not seem likely to help given the level of agree-
ment that has been reached in this regard over the last 2000 or so years.’

An attractive alternative is suggested by Jeffrey:

5> There is a bit more detail on this in some notes for one section of a talk called The Myth
of Mindreading.
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This book has “a philosophical end: elucidation of the notions of
subjective probability and subjective desirability or utility. (Jef-
frey 1983, xi)

In this section we explore how, following Jeffrey, subjective probabilities and
preferences can be identified as constructs of decision theory.

Decision theory therefore promises to be an ideal anchor for a shared under-
standing of these notions.

Inspired by Jeffery (and Davidson 1990), we might therefore attempt to sub-
stitute the informal, poorly understood notions of belief and desire with the
theoretical constructs of subjective probabilty and preference.

4.1. Required Axioms

"A binary relation X on a set A is complete if aXb or bXa for every
a€Aandb€A,

reflexive if aa for every a € A, and
transitive if aXc whenever aXb and bXc.

A preference relation is a complete reflexive transitive binary
relation’ (Osborne & Rubinstein 1994, p. 7).

The Continuity Axiom states that if cXbXa then there is some probability p
such that you are indifferent between (i) b happening with certainty and (ii)
a happening with probability p and ¢ happening with probability (1-p).

‘Continuity implies that no outcome A is so bad that you would
not be willing to take some gamble that might result in you end-
ing up with that outcome, but might otherwise result in you
ending up with an outcome (C) that you find to be a marginal
improvement on your status quo (B), provided that the chance
of A is small enough. (Steele & Stefansson 2020)

The Independence Axiom states that if ba then for any probability p,
{pA,(1-p)CIX{pB,(1-p)C}. Put roughly, if you prefer a to b then you should
prefer a and c to b and c.

‘Intuitively, this means that preferences between lotteries should
be governed only by the features of the lotteries that differ; the
commonalities between the lotteries should be effectively ig-
nored. (Steele & Stefansson 2020)

A preference relation is independent of irrelevant alternatives exactly if ‘no
change in the set of candidates (addition to or subtraction from) [can] change
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the rankings of the unaffected candidates’ (Dixit et al. 2014, p. 600).

5. Dual Process Theory Opposes Decision Theory?

Do any of the findings that support the dual-process theory of instrumen-
tal action enable us to construct a good objection to decision theory as an
elucidation of subjective probabilities and preferences?

5.1. Background

The dual-process theory of instrumental action was introduced in Goal-
Directed and Habitual Processes in Lecture 01.

We considered decision theory as an elucidation of subjective probabilities
and preferences in What Are Preferences? (section §4).

5.2. Argument
Consider:

(1) Decision theory provides an ‘elucidation of the notions of
subjective probability and subjective desirability or utility’
(Jeffrey, 1983, p. xi).

(2) These notions feature in the goal-directed process, which
maximises expected utility.

(3) Some instrumental actions are dominated by habitual pro-
cesses.

(4) Habitual and goal-directed processes can pull in opposing
directions.

therefore:
(5) Some actions do not maximise expected utility.
therefore:

(6) Premise (1) is false (decision theory cannot elucidate sub-
jective probability and subjective desirability).

This argument has the form of a reductio.

The main conclusion of the argument, (6), is significant if true: it suggests
that we cannot use decision theory as an anchor for thinking about notions
of belief and desire. But perhaps there is a way to avoid this conclusion?

10
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Are the premises of the argument true? Or is there some way to use decision
theory as an anchor for thinking about notions of belief and desire despite
the inconsistency of the above claims?

5.3.  Applications of Decision theory

The above argument is an objection to a particular application of decision
theory. It is not ‘an objection to decision theory’ because there is no such
thing. Decision theory is not the kind of thing that you can object to ...

Decision theory is a model. Like any model, it can be given different appli-
cations. There are no objection to decision theory as such, which is simply a
model. Instead each objection is an objection to one or more applications of
decision theory.

The above objection is an objection to applying decision theory to elucidate
notions of subjective probability and preference. It is not an objection to
applying decision theory to predict actions, nor to applying decision theory
to characterise ideally rational actions.

5.4. Note on Sources

One possibile response to the above argument discussed in the lecture in-
volves a distinction between between computational description and imple-
mentation details. This is a rough-and-ready approximation to a famous
three-fold distinction from Marr (1982); in terms of that theory my ‘imple-
mentation details’ are what Marr calls representations and algorithms.

6. An Objection to Decision Theory?

This section introduces the Ellsberg Paradox (Ellsberg 1961) and considers
how it might be used as an objection to decision theory.

This is an optional section that was not covered in all versions of the lecture this
year.

6.1. 'The Objection

You can hardly pick up a recent work on decision theory without finding an
objection to its axioms.

This section introduces on objection linked to the Ellsberg Paradox (Ellsberg
1961; see Hargreaves-Heap & Varoufakis 2004 for an concise and easy to read
presentation if you prefer not to watch the recording).

11
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This is just one of many potential objections. I chose it arbitrarily. It gives
me an excuse for sharing a fun fact about Ellsberg himself, which illustrates
how research in decision making has had life-or-death consequences.

It would be useful to become familiar with other potential objections if you
have time. See, for example, Steele & Stefansson (2020, §2.3) who present the
Allais Paradox; or the various objections in Hargreaves-Heap & Varoufakis
(2004, Chapter 1); or almost any recent text on decision theory.®

It is perhaps tempting, initially, to think that the objections are simple. They
show that decision theory is wrong, misguided or at least too limited to char-
acterise the full richness of human behaviour. But, as we will eventually see,
things are much more interesting than that. For it turns out that whether
something is an objection depends on what you are using decision theory
for.

6.2. How to Object
0. State the construal of decision theory you are considering.
1. State the finding.

+ (In this case, the finding is Ellsberg’s discovery of cases where
people prefer A over B but also prefer B or C over A or C.”)

2. State the axiom it contradicts.

Explain how the finding contradicts the axiom.

- W

(If possible, explain why it is significant.)

5. Consider responses.

6.3. Independence Axiom

The Independence Axiom states that if bKa then for any probability p,
{pA,(1-p)CIX{pB,(1-p)C}. Put roughly, if you prefer a to b then you should
prefer a and c to b and c.

‘Intuitively, this means that preferences between lotteries should
be governed only by the features of the lotteries that differ; the
commonalities between the lotteries should be effectively ig-
nored. (Steele & Stefansson 2020)

There are some interesting and influential considerations in Sugden (1991), but this is
not the place to start so I recommend considering it only if you already have a good
understanding of decision theory and comparatively straightforward objections.

You can also mention Jia et al. (2020)’s findings if you are being especially thorough.

12
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6.4. 'The Paradox of Decision Theory

On the one hand, it has become a commonplace that there are plenty of
objections to the idea that decision theory characterises how people choose.

On the other hand, there is a growing range of cases in which decision theory
(or something based on it, like game theory) has been fruitfully applied. Mo-
tor control is a prominent example (see Trommershauser et al. 2009; Wolpert
& Landy 2012).

If the objections are as decisive as usually assumed, why have applications
of decision theory proved so fruitful?

Perhaps the answer is that decision theory is a model. Like any model, it
can be given different construals. The objections are not objections to deci-
sion theory as such, which is simply a model. Instead each objection is an
objection to one or more construals of decision theory.

If this is right, it will be important to be clear about which construals your
objections concern.

7. Conclusion

After this lecture you should understand what decision theory is, why we
need something to anchor a shared understanding among us, as researchers,
of the notions of belief and desire, why it is at least theoretically coherent
to construe decision theory as providing this, and why construing decision
theory in this way is difficult or impossible to combine with accepting the
dual-process theory of instrumental action.

The overall aim of the course: to discover why people act, individually and
jointly.

To have any chance of achieving this, we need a synthesis of:
« the kind of theoretical framework provided by philosophical thinking;
« a body of evidence provided by experimental psychology; and
« a formal model.

At this point, we have considered all three items.

This lecture was about the formal models. The best studied, most influential
of these is decision theory.

Why do we need decision theory, and how does it fit with the philosophical
and psychological theories considered so far?

13
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One possibility is that decision theory provides an elucidation of the notions
of belief and desire that we need to characterise goal-directed processs (Jef-
frey 1983); see What Are Preferences? (section §4).

But, as we saw in Dual Process Theory Opposes Decision Theory? (section §5),
it is not straightforward to combine this idea with the dual-process theory
of instrumental action.

Glossary

anchor A theory, fact or other thing that is used by a group of researchers
to ensure that they have a shared understanding of a phenomenon.
An anchor is needed when it is unclear whether different researchers
are offering incompatible claims about a single phenomenon or com-
patible claims about distinct phenomena. For example, we might take
decision theory to anchor a shared understanding of belief and desire.
8,10, 11

computational description A computational description of a system or abil-
ity specifies what the thing is for and how it achieves this. Marr (1982)
distinguishes the computational description of a system from repre-
sentations and algorithms and its hardware implementation. 11, 15

decision theory I use ‘decision theory’ for the theory elaborated by Jef-
frey (1983). Variants are variously called ‘expected utility theory’
(Hargreaves-Heap & Varoufakis 2004), ‘revealed preference theory’
(Sen 1973) and ‘the theory of rational choice’ (Sugden 1991). As the dif-
ferences between variants are not important for our purposes, the term
can be used for any of core formal parts of the standard approaches
based on Ramsey (1931) and Savage (1972). 3, 8-11, 13, 14

dual-process theory of instrumental action Instrumental action ‘is con-
trolled by two dissociable processes: a goal-directed and an habitual
process’ (Dickinson 2016, p. 177). (See instrumental action.) 10, 13, 14

game theory This term is used for any version of the theory based on the
ideas of von Neumann et al. (1953) and presented in any of the standard
textbooks including. Hargreaves-Heap & Varoufakis (2004); Osborne
& Rubinstein (1994); Tadelis (2013); Rasmusen (2007). 13

goal-directed process A process which involves ‘a representation of the
causal relationship between the action and outcome and a represen-
tation of the current incentive value, or utility, of the outcome’ and

14
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which influences an action ‘in a way that rationalizes the action as
instrumental for attaining the goal’ (Dickinson 2016, p. 177). 14

instrumental action An action is instrumental if it happens in order to bring
about an outcome, as when you press a lever in order to obtain food.
(In this case, obtaining food is the outcome, lever pressing is the action,
and the action is instrumental because it occurs in order to bring it
about that you obtain food.) You may encounter variations on this
definition of instrumental in the literature. For instance, Dickinson
(2016, p. 177) characterises instrumental actions differently: in place of
the teleological ‘in order to bring about an outcome’, he stipulates that
an instrumental action is one that is ‘controlled by the contingency
between’ the action and an outcome. And de Wit & Dickinson (2009,
p. 464) stipulate that ‘instrumental actions are *learned™. 8, 14

model A model is a way some part or aspect of the world could be. 11, 13

representations and algorithms To specify the representations and algo-
rithms involved in a system is to specify how the inputs and outputs
are represented and how the transformation from input to output is
accomplished. Marr (1982) distinguishes the representations and algo-
rithms from the computational description of a system and its hard-
ware implementation. 11, 14
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