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Part 1

A Theory of Theory Assessment



The Problem Addressed ...

... 18 this:

... the main epistemic problem concerning
science ... 1s the explication of how we

compare and evaluate theories 1n the light
of the available evidence ... (van Fraassen

83)
In other words: What is a good theory?



The Assessment Problem

e (G1ven:

theory H, evidence E (background B)
* Question:

What 1s the ,,value* of H in view of E?
 Answer:

A set A of functions a s.t. a(H, E)

measures the value of H 1in view of E.



A Very Brietf History of Confirmation

What comes closest to ass.ment: confirmation.

Two approaches in the 20™ century:

~“HD:  El|~y,H iff H-E

~IL: E|~y" H iff PHH|E)=r
[Pr(H | E) > Pr(H)]



Conflicting concepts of confirmation

HD increases with the logical strength of H.:
ElywH,H |-H = El-ypH
= logically strong (informative) theories
IL decreases with the logical strength of H:
El~yHH-H = FE|~-;*H,s=2r

= logically weak (plausible) theories



Good theories are both true and informative!

= Make the two virtues explicit in assessing

a given theory H by the available data £
- assess the plausibility of Hin view of £:  p
- assess the informativeness of H (rel. to E): i

- combine p and i appropriately: a(p, 1)



Example

Y our dentist tells you that
- at least one of your teeth has some desease
- the lower right eyetooth has some desease

- the lower right eyetooth has caries

- the lower right eyetooth has caries, and this
1s so because of your heavy consumption of
chocolate icecream



How to Combine

1 fincreasing in (i and) p

2 Continuity:
Ve>0d0>0Vi,i,p,p el0,]1]:
i>i'tep>p'—0 = fli,p)>fi’,p)

3 Demarcation:

f1,0)=£0,1)=B=0



The Message of Part 1

- A good theory 1s both frue and informative.
- Truth and informativeness are conflicting.

- In assessing a theory by the available data
one should weigh between these two
aspects 1n such a way that any surplus in
informativeness succeeds, 1f only the
difference in plausibility 1s small enough.



Part 2

A Good Theory of Theory
Assessment?

Confirmation, Assessment, and the
Point of All This



Incremental Confirmation

Confirmation = positive statistical relevance

Degree of confirmation = degree to which £

increases the probability of A



Assessing Theories, Bayes Style

Plausibility: p=PH|E)

Informativeness: i=i,=oiy+ (1 —0)i

li_Pi—liii ae [0, 1] ll_Pi—lH|—|E)

Assessment (confirmation):

a=f(i, p), fcontinuously demarcating



Examples and Comparisons

add: a,=1,+p—1 a, =1, +p—1
exp. inf.: e, = E(i,) 1, = E(@1,)
incr. conf.: d = a, = ¢, s=a, = e,

P(H|E) = P(H) P(H|E) — P(H|E)

Earman Joyce/Christensen



What Is the Point?

Why should one stick to theories given high
values rather than to any other theories?

Traditional answer: Science seeks truth, and
confirmation takes you to true theories.

215 century answer: Science seeks
informative truth, and assessment takes you
to the most informative true theory.



A Limit Theorem

Every continuously demarcating f reveals the
true assessment structure 1n almost every

world w when presented separating data £, .
wl=H&H, H|-H,|-T = dnVm2n:
f(Hlﬂ Emw) 2f(H29 Emw) >0 :f(TD Emw)



f(Fa Emw) — O >f(H19 Emw) 2]((]_[29 Emw)

w

=
]
-




The Message of Part 2

Theory assessment can answer the question
why one should accept theories given high

assessment values.

— Theory assessment almost surely takes

one to the most informative among all true
theories, provided the data are separating.



Part 3

The Logic of Theory Assessment

Is There Such a Thing?



Hempel's Conditions of Adequacy

1l E-H = E|-H E
2 {H:E|~H}|-H = FE|-H GC
3 Econs = {E£}U{H:E|~H}cons Co
4 F~-H&H |-H = E|-H CC

Hempel (1945):1-4 = X|~-Y Triv



Carnap’s Analysis (1962, §87)

Hempel was mixing up abs. and incr. conf.

1 incremental confirmation (with proviso)

2-3 absolute confirmation
4 797

Question: What concept of confirmation did

Hempel reject in his Studies?



The Logic of Confirmation

1945: Hempel's Conditions
1950/62: Carnap’s Analysis

1995: Flach: 4 two logics of induction
1996: Zwirn/Zwirn: —3 unified logic of conf.

2000: Milne: 4 ““logic”” of confirmation, but it

does not deserve to be called a logic



Hempel Vindicated

The driving force behind 1-4 1s the 1nsight that

a good theory is both true and informative.

1-3  confirmation aiming truth

(absolute confirmation without proviso)

4 confirmation aiming at informativeness

(HD-confirmation)



The Logic of Theory Assessment

Hempel also realized that these two concepts

were conflicting, and so he gave up 4.
However, one can have the cake and eat 1t!

There 1s a logic of theory assessment (conft.)

that accounts for these conflicting aspects.

According to this logic a theory 1s acceptable
1ff 1t 1s suff. informative and suff. plausible.



Carnap’s Analysis Again

Extended regular positive relevance,
1 "U{<T, T>, <F,F>}, P regular

satisfies all principles but, not every property
of positive relevance 1s derivable — which 1s
as 1t should be, for theory assessment (cont.)

1S not symmetric.



The Message of Part 3

There 1s a (genuinely non-monotonic) logic of
theory assessment according to which a
theory 1s acceptable given the data 1ff 1t 1s
sufficiently informative and suff. plausible.

Ext. reg. pos. rel. satisfies all principles, but

not every property of pos. rel. is derivable.



The End



Details for Discussion: Notation

Made precise with ranking theory (Spohn 90).
L ... set of wits closed under —, A
Mod, ... setof all models for the language L
M(a) € Mod, ... set of all models of e L

/4 ... any set of possibilities (e.g. Mod,)

Ay, ... field over W (contains &, closed
under complem. and finite inters.)



Ranking Functions

K:W — NU{e} is a ranking fet. iff k'1(0) # O.
KAy — NU{eo} 1s a general ranking fct. ift
] K'(W) =0, K" (D) =

2 K'(BUC) =min{x(B), x(C)}

3 K'(B|A4) =x(ANB) — x"(A)



Assessment Models

Each rf ¥ induces a unique general rf K

K'(4) =min{k(w): we A}, A€ Ay.

<A, K> 18 a rankth. assessment model for L
ifft W=Mod,, M(ox) e Ay for o e L,

Kisarfst K'(4d)<eoford#, A€ Ay,



Consequence Relations

The consequence rel. |~. < LXL defined by
the rankth. assessment model <A, k> for L:
o~ B
iff
KM(P) IM(e)) = k(M(=p) IM(0)) &
KM(=p) IM(—) < xM(P) | M(—0)),

where at least one inequality is strict!



Syntax: Assessment Relations 1-5

|~ < LXL 1s an assessment relation over L 1if

o~ o Refl*
cl~poa-l-y = ryi~p L L-Equ*
al~pp-l-y = al-vy R L-Equ*
x|~ = aoal|~=p Selectivity*®
x|~ = oal~anp Weak Comp*




6-10

x|~ = =—-ol~-=p Lo&Li

/I—avB = avf|~oa or avfB|~p
Either-Or

ovfB|/~ao,|-—avB = T|~-« Neg 1
T~aol-p = T]-p Up

Fl~a,avBl~a = F|~-f Down



11-m

|~ onB, o|~avf = al/~=p
|/~ an=p, a|~ avP, ccont = «

avf|~ o, pvyl~ B ll—avy = oavy

I
~ B 1

~

avp|~a, pvyl~ B, -avy = avyll~-«a

quasi Nr 21, suppl.
OGN Oy |~ Oy = OV O =

= dnVmzn: o, vo, ., |~ o,

Nr 21

Min



A Representation Result

The consequence relation |~ defined by any

rankth. assessment model <A, k> for L 1s

an assessment relation over L.

For every assessment rel. |~ over L there 1s a

rankth. ass. model <A, > for L s.t. |~ = |~..

Proof. Extension theorem for rf (Compactness).



Further Principles

/——=0 = ol|/~F Cons*
/I—oo = o|/~T Info
xl~p->vol~pf = al~y MPC

al-B o~y = o|-pry or al-fvy
quasit Comp

onB |~ Y, arn=Bl~y = al~y PrC, D



Non-Principles

-8B = o|~p E, Supracl*
fl-a = o~ Conversion
|~ B yFo = vy|~-pB Left Mon
x|~ B Bl-—y = al~vy Strong Sel
orBl~rval~B = o~y Cut

xl~vol~B = anBl~vy Cautious M



Assessment vs. Non-mon. Cons. Rel.s

* Assessment relations are genuinely non-
monotonic: they invalidate Left and Right
Monoton(icit)y:

c|~B B~y = o~y Right Mon



Why Do We Infer Non-Monotonically?

 Why are we content with a standard weaker
than truth-preservation 1n al/l worlds (e.g.
truth-preservation in all normal worlds)?

= The risk of being led to a false conclusion

1s the price we are willing to pay for
arriving at informative conclusions.



