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i Motivation

= Bayesianism is a popular account in the
philosophy of science. It is a normative theory
that specifies when a hypothesis is confirmed
by a piece of evidence.

= However, Bayesianism is @oo far awayOfrom
real science and does, for example, not have
an account of what a scientific theory is.

= Goal: Develop such an account and show
how it helps illuminating aspects of the
methodology of science.

i Overview
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i What is Bayesianism?

Quantitative confirmation theory

When (and how much) does a piece of
evidence E confirm a hypothesis H?

Typically formulated in terms of probabilities =
subjective degrees of belief

Normative theory (see Dutch books)

Textbooks: Howson & Urbach: Scientific
Reasoning, and Earman: Bayes or Bust.

i The mathematical machinery

= Confirmation = positive relevance between H
and E

= Start with a prior probability P(H)

= Updating-rule: P, (H) := P(H|E)

= By mathematics (OBayes®heoremO)we get:
Prow(H) = P(EIH) P(H)/P(E)

= H confirms E iff P,,(H) > P(H)

= H disconfirms E iff P, (H) < P(H)

Examples of Textbook Bayesianism

LetOsassume that H entails E: P(H|E) = 1.
Then P, (H) = P(H)/P(E)

(i) It is easy to see that Bayesianism can
account for the insight that surprising
evidence (i.e. if P(E) is small) confirms better.

(i) LetOsassume we have different pieces of
evidence: P(E) = P(E,, E,,E , E)) = P(E)) &
P(E;|Ey) 8P(E5|E,, E,) 4E 4P(E,|E,1.E , E,).
Hence, less correlated pieces of evidence
confirm better: the variety-of-evidence thesis7.

i We conclude

= Textbook Bayesianism explains very general
features of science.

= However, it turns out to be too general as it
does not take into account de facto
constraints of the scientific practice (such as
dependencies between measurement
instruments). Taking them into account might
lead to different conclusions.

= Moreover, Textbook Bayesianism does not

have an account of what a scientific theory is.
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i Jon Dorling® version

= Jon Dorling aims at reconstructing specific
episodes in the history of science and fitting
them into the Bayesian apparatus.

= To do so, one has to assign specific
probability values to the hypotheses and
likelihoods in question.

= This variant of Textbook Bayesianism is too
specific.

i Upshot

= We need a version of Bayesianism that is not
too general (to connect to the practice of
science), and not too specific (to gain some
philosophical insight).

= |t would also be nice to have an account that
has a somewhat wider scope, i.e. an account
that reaches beyond confirmation theory.
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ll. What is a Scientific Theory?
* Received Views
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i 1. The syntactic view

= Scientific theories are linguistic entities

= Sets of assumptions (and their consequences)
expressed in first order logic

= Axiomatic structure
= Correspondence rules relate theory and world
= Developed by Carnap, Hempel, Nagel et al.
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i Problems of the syntactic view

= The multiple formulations argument

= It is not clear what the status of
correspondence rules is.

= ORealGcientific theories are not presented in
this form. They are evolving QistoricalO
entities.

= ORealGcientific theories are not conjunctions
of propositions, but interrelated wholes.

= E
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i 2. The semantic view

= Theories are non-linguistic entities
= Theories are collections of models.

= OModel@® understood in the sense of
mathematical model theory.

= However, Suppes suggested to identify
mathematical models with scientific models.

= Developed by Suppes, Suppe, Sneed,
StegmYller, van Fraassen, Giere, French et
al.
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i Advantages of the semantic view

= Deals well with the multiple formulations
argument.

= Account for the fact that theories are evolving
historical entities.

= Theory-world relation easier to tackle
(although there are different approaches:
isomorphism, partial isomorphism, and
similarity)
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i Problems of the semantic view

= Does not account for the interrelatedness of
models in a scientific theory.

= Itis (still) a logic-based approach, and
guestions about acceptance etc. cannot be
addressed in this framework.

= The linguistic formulations of a theory does
play a role.

16




i 3. Desiderata for an acceptable view

lll. What is a Scientific Theory?

(i) Connect to the practice of science and take . .
the linguistic formulation of a theory seriously. * The BayeS|an View

(i) Account for the fact that theories are |
evolving historical entities.

(ii) Clearly separate empirical from non-
empirical elements.

(iv) Account for the fact that theories are
highly interrelated and coherent wholes.
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i Preliminaries: Models and phenomena i 1. The empirical part
= Bogen and Woodward distinguish between = The empirical part of a theory is a (Bayesian)
data and phenomena. It is phenomena (= network of interrelated models.
stable features of the world) which are = Models (M;) are conjunctions of propositions
explained by a theory and not data (= what that are needed to account for a specific_ .
we get from experiments). phenomenon P; (expressed as a proposition).

= Among the conjuncts are
- instantiations of laws
- additional assumptions

- propositions that describe the system under
investigation.
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= Modify Bogen and Woodward® view:
- Oexplain®> OaccountorO
- Otheory©> @nodelO




The empirical part of a scientific theory
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i More on the empirical part

There is a model for each phenomenon.
Conditional independence assumptions hold.

There is a joint probability distribution over all
propositional variables M, P..

From this, the posterior probability of the
theory (given all phenomena) can be
obtained.
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i Where do the dependencies come from?

= (i) Models and phenomena are related as a
model account for a phenomenon

= (ii) Different models in a theory are
interrelated becauseE

= The models instantiate the same (so-called)
laws of nature. The models of Newton@®
mechanics, for example, all instantiate the
second law, F =m a.
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i Dependencies (cont@)

= Example: God tells us that the model of
planetary motion is true. Rational agents will
use this information and change (or update)
the prior probability of, say, the model of the
pendulum. This is because the same law of
nature is instantiated in both models.

= But there are other relations between models,
e.g. ontological relations, different models (in
the same theory) account for the same kind of
phenomena, etc.
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i Discussion i 2. The non-empirical part

= The proposed account of what a scientific = Laws of nature (as well as the axiomatic
theory is is very empiricist: Only the tested structure of the theory) play a heuristic role:
instantiations of laws of nature are included in They help us construct new models.
the theory. = Conversely, models help us find laws

= So what is the role of laws of nature? (remember CartwrightOsslogan that Omodels

are blueprints for lawsO).

25 26

i The non-empirical part (cont@) o
I\VV. Applications of the
= Note that laws of nature are not probabilified.

Only models, i.e. conjunction of propositions * BayeSian View
(among which are instantiations of laws) are

probabilified.

= S0, on this account, we do not even have a
degree of belief in the instantiation of a law of
nature.
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i Goals

= Apply the proposed account to tackle other
iIssues in the philosophy of science:

- conditions for theory acceptance
- intertheory relations

= Do we need the whole probability distribution
to address these issues, or are there features
of the probability distribution that Odoesthe
job®@
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i 4.1 Coherence

= We would like to find Omacro-properties©f a
probability distribution that characterize the
essentials of the distribution over all variables.

= Coherence is one such property. It tells us
how well the models of a theory hang
together.

= But how can this be made more precise?
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i What is coherence?

= Coherence is a property of an information set
{R,, R,,E , R } that tells us how well the
propositions in this set hang together.

= Several authors tried to explicate directly
what coherence is.

= Here are some explications.
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i Coherence as relevance |:Shogenii

{R.E, R .} is more coherent than (>) {R,CE, R0}

iff
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i Coherence as relevance Il: C. I. Lewis

{R4,..., Ry, Riyqs-oy R} is coherent (or congruent)
iff

PR|R,,... R, R.,,... R)>PR)foralli=1,.., n.
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i Coherence as relevance lll: Fitelson

K-O Measure of Confirmation:

P(R;|R;)-P(R;|-R>)
P(R,|R,)+P(R;|-R>)

F(RPRZ):

{R1, R} > {Ry, R,®
iff

F(R,,R,)+F(R,,R) y F(R,,R,")+F(R,",R}")

2 2
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i Coherence as overlap: Olsson
{R.E,R )} >{R,0,E, RO
iff

P(Ry,--R ) g P(Ry',--.R,")
P(Ryv...wR,) P(R;'v...wR_."
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i The upshot

= Intuitive proposals give us no more than a
partial elucidation of certain aspects of
coherence (positive relevance, overlap,E ) but
do not lead to a unitary account.

= We need a measure that that weights these
factors in an appropriate way, and there is no
principled way to do this.

= Way out: Think about the function of
coherence.
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i A Bayesian network model

P(REP;R)) =p
P(REP;|-R)) = ¢
forp >gq
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i Reliability

P(REP|F)=p (foralli=1E, n)
PREP|-F)=q withp>q

r:=1bqlp
Randomization Full Reliability
0 1
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i Representing the probability distribution

a; with i counting the # of
negative values

a,= .05
a,=3x.10=.30

a,=3x.15= .45

AN

.20
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i Degree of confidence

P* =PXF,LE,F ) =
P(F,,E,F ,|REP,,E, REP,)=

a

n

Zai(l—r)i
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i The function of coherence

The coherence of an information set

{R.,E, R,}is the property of this information
set which increases the confidence boost that
results from being informed by independent of
partially reliable sources that respectively R,
E, R, are the case.
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i A tentative proposal

We measure the coherence by the degree-of-
confidence boost, i.e. the ratio of the prior over the
posterior probability
P*(F,...F)
cten(Sy= ————
r(S) = TpE,..F)
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i Problem #1

= Let S contain highly coherent information with

P(F,, F,) = 1 and let SGcontain highly
incoherent information with P’(F,OF,0} 0

+ Then for any value of r, ¢ (SOp ¢ ten(S)
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i Solution: Normalization

= We measure the coherence by the degree of
confidence boost that actually obtained over
the degree of confidence boost that would
have obtained, had the same information
been presented as maximally coherent
information.
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:L The Measure

P*(Fq,....Fyn)

. P(Fl’...,Fn)
C';(Z) - P'rna;{:*(Fl’”',Fn)

pmax (Fl . ..,Fn)

ap+ (1 —ap)(1 —r)"
imp ai(l—r)
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i Problem #2

= A coherence measure should not be
dependent on the reliability of the

informants r.
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i Solution

S > sOff
c,(S) > ¢, (SOjorall re(0, 1)

Construct f(S, S§:= ¢(S) B¢, (SO)
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i Taking stock

= The proposed measure induces a partial
coherence ordering of information sets and
deals well with examples (see L. Bovens & S.
Hartmann: Bayesian Epistemology, OUP
2003).

= |f an ordering exists, it can be shown that
coherence is truth-conducive, ceteris paribus,
I.e. if the prior probability is fixed and if all
witnesses have the same fixed reliability.
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i 4.2 Theory acceptance

= The degree of confidence and the coherence
are related in an interesting way:

ao
ag+ (1 —ap)(l—r)"

P(Fi,...,F,|REPy,...,REP,) = cer(D)

= Under certain conditions (large n or small
reliabilities r), the ordering of the posteriors is
the same as the coherence ordering.

= For smaller sets, one can show that one also
has to keep the prior fixed.
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i Theory acceptance (cont@)

= Note that coherence (or relative coherence) is
something that we can judge intuitively.

= Note also that the posterior probability is used
when we have to decide if we want to accept
(or entertain) a scientific theory.

- Jeffrey vs. Levi
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i 4.3 Intertheory relations

= How do our scientific theories hang together?

= There are two extreme accounts to be found
in the literature:

- reductionism
- pluralism

= Both accounts have there problems. And so
we need an alternative account that is located
somewhere between reductionism and
pluralism.
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i Reductionism

= Hempel and OppenheimOsrticle on OThe
unity of science as a working hypothesisO
(1958):
- pyramid structure of the sciences
- ontological reduction
- epistemological reduction
- unification as a heuristics

= NagelOsnodel of reduction (1961)
- biconditional bridge laws connect terms
- deduction
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i Pluralism

= Philosophers like Cartwright and DuprZ base their
claims for the disunity of science on case studies
from @nessyO science (lasers, super-conductivityk ).

» Theories and models are only connected as they
relate to the same empirical reality. There is no
deeper relation between them beyond that.

= This claim is too extreme as it disregards the evident
interrelatedness (and mutual support) of theories as
well as scientistsGambition to come up with unified
theories.
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i Summing up

= There are interesting relations between
different scientific theories that aim at
accounting for the same class of phenomena
(e.g. thermodynamics and statistical
mechanics).

= These relations are typically not deductive,
and so conditional probabilities are a way to
model them.
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i Coherentism

= This suggests the views that science gives us a
(more or less) coherent cluster of theories. We do not
find complete reductions (as they will not account for
many phenomena) and we do not find Cartwright®
patchwork of laws (as the mutual support various
theories provide for each other is epistemically
relevant).

= This view is also in accordance with Popper®
falsificationism as highly coherent objects are more
falsifiable as disconfirmation is propagated through
the network.
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i V. Conclusions

= Scientific theories have an empirical and a
non-empirical part.

= The empirical part is a Bayesian network of
models, each of which account for a
phenomenon.

= The non-empirical part plays a heuristic role
and comprises so-called laws of nature.

= The view can be applied to theory acceptance
and intertheory relations, and it turns out that
in many cases only one probabilistic feature
of the theory is required, viz. its coherence.
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