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Scientific Explanation & Scientific Realism: Day 2' \

Administrative:

— Three hour meetings tonight, and next week (with a break!)
— I'll present stdf for a couple more weeks — then students
— We'll schedule presentations in the next couple of weeks

Brief Review& Finishing-up From Last Time

— D-N Explanation (the basid technicallogical problems)
— ExplanatiofPrediction Symmetry Thesis

— Problematic Examples for D—& Symmetry Thesis

Inductive-Statistical (I-S¥ Deductive Statistical (D-S)
— Generalizations of D—N to inductive logée statistical laws

Statistical-Relevance (S—R)

k — A “relevant” conception of probabilistic explanation J
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K Brief Review of Deductive—Nomological (D—N) Explanation a \

e All of these “technical” counterexamples to D—N trade on the fact that
materialimplication does not require the antecedent toddevantto the
consequent. Sinde > Q ~ ~P v Q, we have the infamous paradoxesof

Q ~P
~Po>Q ~PD>Q

e Other conditionals do not have these properties. For instancaterfactual
conditionalsP o— Q require some sort afomic dependenaa relevanceof
P to Q. Let’s apply this to a simple example involving a “covering law”.

e LetRx= xisin The Room]x = x speaks ltaliana = John. Consider these:

T. (YX)(RXxD IX) T. (VXY)(RX~ IX)
C.Ra C.Ra
- E.la ~E. la

e Dilemma [assume thaCj is true]: (T) is true, butexplanatorily irrelevanto
(E); and, (") is (more) explanatorily relevant t&j, butfalse It's easy to
make material conditionatsue, but hard to make themxplanatory And, it's

\ hard to make counterfactuals true, but they seem to be ratmeant
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Brief Review of Deductive—Nomological (D—N) Explanation ] \

e A D-N Explanation is (roughly) a deductively valid argument of form:

T, ..., Th. [Where, (2)T & Ce E, C# E, and (3) there
Ci,...,Ch. exists a set of basic statemeftsuch thafl
- E. is consistent witts, Sk C, andS« E.]

e And, (1)Ty, ..., T, are true general (theoretical) statements (at least one

“covering law”),C,, ..., C, are true singular (empirical) statements
(“conditions”), andE is either a (derivative) law or (more commonly) a
singular statementT, C) is theexplanansandE the explanandum

e Fx = xisiron,Cx= x conducts hea x= xis snowcappeda = Mount
Everestp = Eiffel Tower,Ix = xis imperfectPx = x is a philosophenvix = x
is male,c = Oppenheimd = Hempel. (3) avoids (*), but not (**):

o T (VX)(Fx>Cx L (V)(YY)[Ix vV (Py> My)]
® ¢ Ebochosa ™) ¢ (lcv ~Pd) > Md

K - E.Sa - E. Md /
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/ Hempel’'s ExplanatioryPrediction Symmetry Thesifl \

e Hempel thought that every adequate (singular) explanation is a potential

are two distinct directions to this thesis:
(=) Adequate Explanatios> Potential Prediction
(&) Potential Explanatior= Adequate Prediction

¢ Both directions may sound strange, at first. Some clarification helps:

e Hempel: an adequate explanation should provide grounds for holding that
explanandum was to be expected. Sd; i6 not known, an explanation
should provide grounds thé&tis to be expected.

e Hempel: &) is “almost trivial.” Defense against Scriven’s attack:

— Scriven: Only people who have had syphilis can contract paresis. But,
only a small fraction (around 25%) of syphilis patients contract paresis,
seems quitexplanatoryto say that a person got parebecausdhey had
syphilis. But, does syphilipredict paresis? /
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/ — Hempel: “Precisely because paresis is such a rare sequel of syphil@
syphilitic infection cannot by itself provide an adequate explanation for
This presupposes there are other factors that determine which untreatg
cases of syphilis go on to develop paresis.

theory cannot explain these events?

e As for (&), Hempel gives what appears to be a counterexample:

— “Afinite set of data obtained in an extensive test of the hypothesis that
electric resistance of metals increases with their temperature fiitag a
good support for that hypothesis and may thus provide an acceptable H
for the prediction that in an as yet unexamined instance, a rise in
temperature in a metal conductor will be accompanied by an increase i
resistance. But if this event actually occurs, the test data [or the correl

k — What does Hempel say about this “counterexample&9q
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1. The Eclipse One can D—N-explain a current total eclipse, using (say)
Newton’s laws of motion, together with past positions of the earth, sun, mg
But, one can also D—N-explain a current eclipse by appeal to NLfptuge
positions! Should this count as arplanatior? Many laws are
time-symmetric — perhaps some explanations aren't.

Philosophy 290 Notes

2. The Flagpole We may D—N-explain the length of a shadow cast by a flagp
using certain laws of optiggeometry, together with the position of the sun in
the sky, etc. But, we can also D—N-explain the height of the flagpole using
same laws, together with the length of the shadow and the position of the {
Is this anexplanatior?

3. The Barometer. A falling barometer (together with the appropriate
meteorological laws) can reliably predict an approaching cold front. So, or
may also be able to D—N-explain the approach of the cold front by appeali
to the barometer’s drop, together with these same meteorological laws. Th

rior
t.”
d

— But what about genuine chance events — can they can not be explained at
all? E.g, the radioactive decay of a particle (at a time). This may be very
improbable, given our best theory. But, do we then conclude that our bgst

he

asi:

n
tion

or law one might infer from the data] do not provide an explanation for i.”

on.

=

e

the
sun!

e

ese

\ arecommon causgonjunctive fork cases. J
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f — Common Causes: we cadequately predica storm using a falling \
barometer needle, but is this a potenégplanationof its arrival?

— Hempel: there may be incompletely formulated potential explanations i
these cases. He doesn't hint at what they might be.
e So, why does Hempel find the symmetry thesis attractive? Consider:
() (T,C) explains E& E confirm(T, C) [say E confirmsC, givenT]
e Hempel's theory of confirmation is also deductive (much like D—N). This is
why Hempel feels the need to defend something liRe (

¢ It seems that= of (1) is false, since “explains” seems asymmetric, while
“confirms” (i.e., “provides evidence for”) is (arguably) symmetric. We'll
return to the symmetry question repeatedly this term.

e But, what abouts of ($)? It's not clear thats is false. Take the paresiB§)
and syphilis § g example. Lefl be the law tha$ is (generally) nomically
necessary (but only “25% fficient”) for P. [Interpretation of Pr!]

e Then, PrPa|Sa& T) = 0.25, which is low. But, PiRa| ~Sa& T) = 0, which

o

UCB Philosophy

is much lowel So, plausibly,Pa confirms S agivenT. /
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ﬂl. The Moon and the Tides The (general and lawlikegorrelationbetween th)
moon’s position and the tides was well known for centuries before Newton
gravitational theory was known. So, reliable predictions, and
D—N-explanations of the tides were constructible by these ancestors of
Newton. But, arguably, until theausal stornbehind the tides was told, no
legitimateexplanation was really available.

5. Syphilis and Paresis Only people who have had syphilis can contract
paresis. But, only a small fraction (around 25%) of syphilis patients contra
paresis. It seems quiexplanatoryto say that a person got parebicause
they had syphilis. But, this cannot be said on a D—N account (which requir
deductionof each token case). Similar examples arise surrounding
guantum-mechanical phenomena.

6. The Hexed Salt Why did this sample of table salt dissolve in this cup of
water? Because a person wearing a funny hat mumbled some non-sense
syllables and waived a wand over it. That is, the table salt dissolved becay
was hexed. And, it is law that all hexed table salt dissolves when placed in

>

Ct

se

\ water. This fits the D—N pattern ... /
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/7. Fred Fox on the Pill: Fred Fox (a male) has not become pregnant during}
past year because he has faithfully consumed his wife’s birth control pills.
And, any male who faithfully takes birth-control pills will avoid becoming
pregnant. But, intuitively, there seems to beaxplanatory relevanci this
fact. This also fits the D—N pattern.

8. Explanation by falsgfidealized theories We use Newton’s theory all the
time to explain various phenomena. But, we know Newton’s theoigise
Moreover, for all we know, all of our current scientific theories are also fals
(in some subtle and as yet unseen way). Would this imply none of our curr
scientific explanations are good ones? [Remember this for REALISM!]

9. Logical Tricks & Misc. (some like Kaplanet al):

All copper conducts electricity.

All crows are black. . )
Either my alarm didn’'t go f§ today, or some

John isn't black.
-.Johnisn’t a crow.

All things born die.
John was born.
.. John died.

11

ent

copper doesn’t conduct electricity.
.. My alarm didn’t go df today. J
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Inductive—Statistical Explanation | I \

e Hempel dfered an inductive generalization of his D—N model of explanatio
He called this model the Inductive—Statistical (I-S) model.

e Hempel updated his four high-level desiderata accordingly:

1. An explanation is an argument having correct logical form (either
deductive or inductive — traditional “inductive strength” idea).

2. The explanans must contain,. essentially, at least one general law (eith
universal or statistical).

3. The general law must have empirical content.
4. The statements in the explanans must be true.

¢ Hempel quickly realized that a fifth adequacy condition must be added,

—

because of theon-monotonicityf “inductively strong” arguments:
\ 5. (RMS) The requirement ahaximal specificity J
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f Decade #2 — The Birth of Statistical Explanatiod \

¢ H & O were aware that their D—N account (as originally stated) left no roorn
for the explanation of either (1) statistical laws, or (2) token events which
cannot be derived from any theory (but on which some theory
auxiliarieginitial conditions mayconfer a probability.

Philosophy 290 Notes

e Hempel's first alteration (a very minor one) was to expand the explanation
laws (by more general laws) in D—N to the casestdtistical laws This led to
the Deductive-StatisticalD—S) model.

e On the D-S model, a statistical law may be explained by appeal to more
general laws (which may be statistical or universal).

e Example: we may derive the half-life of uranium-238 from the basic laws o
guantum mechanics (together with the height of the potential barrier
surrounding the nucleus and the kinetic energies of the alpha particles wit

=)

f

—

the nucleus). D-S as a merariant of D—N.
e Same problems as D—Ipl(sstatistical laws & qualitative predicatgs! /

02/10/04
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/ Inductive—Statistical Explanation Il I

e The simplest schema for an I-S explanation would be:
PrGx|Fx)=r
Fb

[r]
Gb

e Here, "PrGx| Fx) = r” is a ‘statistical law’ which says that the relative
frequency ofGs amongrs isr. Note: this is anon-modalfrequency, just as
(YX)(Fx > GX) is a non-modal (extensional) “universal law”.

e “[r]”is supposed to be the argumenitgluctive strengthBut, is it? Unclear.

e Example: John Jonedd) recovers quicklyGb) from Strep £b). Most strep
infections EX) clear up quickly Gx) when treated with penicillini x). Thus,
we have the following I-S explanation of the fact tkx

PrGx|Fx& HX)=r ~ 1
Fb& Gb

\ Gb

UCB Philosophy

D—N, $VIMETRY, AND PROBABILISTIC EXPLANATION 02/10/04

n



Branden Fitelson Philosophy 290 Notes 13

/ Inductive—Statistical Explanation IlI I \

apenicillin-resistantstrain of Strep Jb)? Plausibly, this would lead to a
“strong” I-S explanation o£Gb, as follows:

PrGx|FX& HX& JX) =r; =~ 1
Fb& Gb& Jb

[r1 = 1]

~Gb

e This is thereference class problefor frequency interpretations of probability
Depending on which reference class we decide to indhidewe get
different “PrGhb)”s. We can have “strong arguments” for bt and~Gb!
This isimpossiblewith deduction (and D—N) — “Hempel’s Ambiguity”.

¢ In confirmation theory (donepistemically) we usually add the requirement
of total evidenceThat is, we usually add the requirement thatadditional
evidence that would change “thr(Gh)” is available at the time This will
notwork here, since thexplanandungsay,Gb) is knowrt What shall we d(y
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K Inductive—Statistical Explanation IV I \

e Hempel adds theequirement of maximal specificiiRMS). Here, we assume
thatP is the conjunction of all of the premises of the I-S explanation, kil
the available background knowledge (salient to the propertibs of

(RMS) If P& K implies thatb belongs to a class; and that~; is a subclass

of F, thenP & K must also imply a statement specifying the
statistical probability\iz., therelative frequencyof G in F4, say

Pr(G | Fl) =1TI1.
And, r1 = r, unless the probability statement in question is simply a
theorem of probability theory propee.g, PrG| F1 & G) = 1).

e The “unless” clause in (RMS) is there to block the trivialization which woul
otherwise arise from the fact that we know fréithatb is bothF andG,
since probability theory (proper) implies that 8| Fx & GX) = 1.

Branden Fitelson
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/ The Reference Class Problem: An Infamous Exampl' \

e But, what if we were to subsequently learn that John Jones was infected with

(b Nicole Brown Simpson.

(AX) x was abused by her spouse.

(KX) x was killed by her spouse (or ex-spouse).
(K'%) x was killed (bysomeong

(Pr(Xx]YX)) Thefrequencyof X's among theY’s, in the actual world.

(1) Dershowitz: PiKX | AX) < 150
(2) Good: Prkx | AX& K’x) ~
(3) Merzé& Caulkins:  Prkx| Ax& K’x) =
(4) Dershowitz: PiKX| K’X) = Pr(Kx| Ax& K’x)

(5) Merz& Caulkins:  Prkx|K’x) = 0.29 < Pr(Kx| Ax& K’x) ~ 0.8

e Each of these is supposed to be relevant toKBJ{. But, depending on the
reference class in which we decide to include Nicole Brown Simpson, we can
get radically dfferent “PrKb)”s. This another example of the reference class

1

> 000

[S21E- N1

k problem for frequencies. This is the ultimate source of “Hempel's Ambiguity/.
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/ Inductive—Statistical Explanation VI \

\o Note, deductive argumendsitomaticallysatisfy (RMS) Why? j
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e NOTE: The root problem is not just a problem for frequency interpretationg of
Pr. The root problem is that “inductively strong argumentiicgd monotonic

e Hempel: thenon-monotonicitf“ambiguity”) of inductive inferences leads,
inevitably, to theepistemic relativityof statistical explanation:
The concept of statistical explanation for particular events is essentially relative to a
given knowledge situation as represented by a dfasfaccepted statements.

e Many philosophersd.g, Skyrms inChoice& Chance take a similar attitude
in the more general setting of inductil@ic. It seems that inductive strength
(confirmation) igrelational, but why must that make d@pistemi€

¢ We don't we take the same attitude toward special relativity. We say that
things like “simultaneity” and “velocity” areelational (i.e., relative to a
frame of referencde but wedon't seem to think they depend ovhat we know

e Why the diferent attitude when it comes to inductive inferenegdeductive
inference)? Cfia and Railton see this with explanation, but not confirm@h.

D—N, $VIMETRY, AND PROBABILISTIC EXPLANATION 02/10/04
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/o Coffa’s discussion (which Salmon discusses at length) is quite iIIumina%
this issue of “epistemic relativity”. He says, about “confirmation”, that:

Although the syntactic form of expressions like “hypothésis well-confirmed” may

mislead us into believing that confirmation is a property of sentences, closer inspection
reveals the fact that it is a relation between sentences and knowledge situations and that
the concept of confirmation cannot be properly defined ... without reference to sentence:
intended to describe a knowledge situation.

e But, interestingly, Cfia sings a dferent tune about “explanation”:

s the possibility of a notion of true explanation .. . is not just a desirable but ultimately
dispensable feature of a model of explanation: it issine qua norof its realistic,
non-psychologistic inspiration. It is because certain features of the world can be
deterministically responsible for others that we can describe a concept of true deductive
explanation ... If there are features of the world which can be non-deterministically
responsible for others, then we should be able to define a model of true inductive
explanation.

e He criticizes Hempel for “going epistemic” with explanation. | agree, but,

¢ Why not say the same thing about inductargumentgogic? Isn’t the notion
of a “good argument” theine qua norof the realistic, non-psychologistic

on

K inspiration oflogic (inductive or not)? Why go epistemic With)nfirmatior?J
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Inductive—Statistical Explanation VII I

¢ Jdfrey’'s Example (really, a variant explained by Woodward):

19

N

Consider a genuinely indeterministic coin which is biased strongly @) toward
heads when tossed. Suppose that if it is not tossed the coin has probability of 0.5 (
being in either the heads or tails position and that whether or not the coin is tossed
the only factor that is statistically relevant to whether it is heads or tails. According
the IS model, if the coin is tossed and comes up heads, we can explain this outcon
appealing to the fact that the coin was tossed (since under this condition the proba|
of heads is high) but if the coin is tossed and comes up tails we cannot explain thig
outcome, since its probability is low ... The fact that the coin has been tossed is th
only factor relevant to either outcome and that factor is common to both outcomes
once we have cited the toss ... we left nothing out that influences the outcome.

e As Woodward explains, such arguments presuppose that “it is not possiblg
all of the information that is relevant to sonvkto be instficient to explain it.

=

is
to
e b
pility

1”4

» for

\ ... Itis far from self-evident that this assumption is correct.” j
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Inductive—Statistical Explanation VI I \

Perhaps you can guess what some of the problems with I-S explanation g
going to be. On the traditional account of the “inductive strengthP of C
[Pr(C | P)] probabilisticrelevancds not required.

“Pr(X|Y) is high” is neither necessary norfiaient for “Y is relevant taX”.
The Fred Fox example, and the pargsiphilis example (above) show that
relevances an important aspect of explanations.

Both the D—N and the I-S accountsfau from the relevance problem. The
hexed salt example shows that D—N is also vulnerable here.

While high probability is neither necessary noffistient for high explanatory
power, it may still be plausible thakteris paribuge.g, assumingelevance)
higher probabilities lead tdetterexplanations.

Even this can be seriously questioned. Michael Strevens has a nice discuj
in his recent paper “Do Large Probabilities Explain Better?” [on website].
Richard Jé&rey, and others have questioned this, but Strevens defendsy

UCB Philosophy
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Statistical-Relevance Explanation I

Salmon, Greeno, fieey, and others were among the first to question the hig
probability requirement of the I-S account.

As we have just seen, fliey argued that stochastic processes generate
outcomes with varying probabilities, and that we understand the low

5SIO0

h

probability outcomes as well as we understand the high probability outcomes.

Salmon and Greeno formulated theories in which the key probabilistic fact
a fact about probabilisticelevance— not just the (high, posterior) probability,
of the explanandum, given the explanans.

Accounts involving relevance as the key attribute face special problems of
their own — problems not faced by the I-S account.

The most important of these is known@isnpson’s ParadaxXNancy

is

Cartwright describes a good example illustrating this paradox.

/
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Statistical-Relevance Explanation III \

¢ Inthe early 80’s there was a positive correlation between being female (F)
being rejected from Berkeley’s graduate school (R).

e This (initially) raised some suspicions about the possibility of sexual
discrimination in the admissions process for Berkeley’s grad school.

e Symbolically, PrR| F) > Pr(R). That is, being female istatistically relevant
to being rejected from Berkeley grad school. Or is it?

¢ If we partition the applicants according to the department to which they
applied:{D4,..., Dy}, then the correlation disappears!

e Thatis, PrR| F & D;) = Pr(R| D)), for all i.

e Should we still be suspicious about sexual discrimination? Or, more
relevantly here, should we still think that the gender of the applicant is

explanatorily relevanto why they got rejected (or accepted)?

UCB Philosophy 02/1004
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K Statistical-Relevance Explanation IH

e To fix ideas, let’s return to the Berkeley graduate school exampleb bet
some applicantX) who was rejectedR). And, we want to know why this
applicant b) was rejectedi(e., why thisA (b) is aB).

e A partition {A & C;} of a classA is a collection of mutually exclusive and
exhaustive subsets &f Each subclas8 & C; in the partition{A & C;} is
called acell of the partition.

e A partition{A & C;} of Ais relevantwith respect t®B if the probability {.e.,
the relative statistical frequency!) &in each cellA & C; of the partition is
different from each other celle., PrB| A& C;) # PrB|A& Cj), alli # j.

e A partition F is homogeneouwith respect tdB if no relevant partition (wrt B)
can be made within FObjectivelyhomogeneous no relevant partition can
be maden principle; epistemicallfhomogeneous no relevant partition is
known(presumably, by the explagm). Here, the interpretation of Pr is crucial

K. In the case at hand, we do know a relevant partitioA wfith respect tdB: /
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Statistical-Relevance Explanation IIII \

e Simpson’s Paradox forces the statistical relevance theorist to make some
special maneuvers. Enter the notion of “homogeneous relevant partition”.

e Salmon’s original S—R account is intended to provide an answer to the
question “Why does this (member of the reference cladsve the attribute
B?” If the question is not stated this precisely, then Salmon suggests using
“pragmatics” to determine the reference class (ghosts of Hempel's ambigu

¢ An S—-R explanation (of why thié is aB), consists of the prior probability of
B (givenA), a homogeneous relevant partitigh& C;} of A with respect tdB,
the posterior probabilities d@ in each cellA & C; of the partition, and a
statement of the location of the individual in a particular ée& Cy :

PrBIA) =p
PrB|A& C) = pj
{A & C;} is a homogenous relevant partitionAfvith respect tdB

ity).

bis a member oA & Cy

.
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/. That partition is{A & Cj}: the partition in which th&; are thegendersof the\
applicants. IfC; = Male, andC, = Female, then:
PrB|A) =p, PrB|A& Ci) = p1, PriBI|A& Cy) = p2
Here,p, < p < p:1. Therefore, the partitiopA & C;} is relevantto B.

¢ Intuitively, the partition{A & Cj} is not “explanatory” with respect t®. This
is because there is a further set of (intuitivaiglevant factorgD;} such that:

Pr8|A& C,& Dj) = Pr(B| A& C, & D), for all |

¢ Does this mean that the original partitigh & C;} is not homogeneousith
respect taB? If so, that would undermine an explanationAdfwhich appeals
to the{A & C;} patrtition (.e., an explanation in terms gende). Intuitively,
that’s the answer we want, and that's what “homogenaeity” is supposed to

e We can't tell from the information so far whether the finer-grained partition
A& C & Dis relevant. For that, we'd need to check and see wheghgr,
PrB|A& C, & Dj) # PrB| A& Cy & Dj), fori # j. As it turns out (in the

do.

o
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Statistical-Relevance Explanation ﬂ \

Intuitively, “homogeneity” isintendedto block the explanatoriness of gender

for acceptance in the Berkeley grad school example. And, Salmon’s definition

of “homogeneity” does seem to to the trick in this case. But, will it always?
If Pris just astatistical frequencythen there may be further “relevant”

partitions of the data in Salmon’s sense. Or, there may happen to be no fufthe

“relevant” partitions. Isstatisticalrelevanceexplanatoryrelevance?

Interesting fact about the Berkeley Case: If one partitfomher within
C & D, according tZ = the first letter of the applicant’s last name is betweg
“F"and “K”, then thisis a furtherstatistically relevanpartitiona la Salmon.

I don’t think we’'d want to say that & D & Z is anexplanatorilyrelevant
partition, nor would we want to say that the existence of this finer-grained
partitionrules-outthe explanatory relevance of the coarser-graiae D.
Statistical relevance can Ingisleadingabout explanatory relevance. What w¢

want is “homogeneous” in the sense of “including all éxglanatorily
relevant factors”. Ideacausalrelevance? This is where Salmon goes nexy .
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