11. SCIENTIFIC REASONING

n Part 4, we turn to applications of the fun
chapters. In particular, the next four chapt,
forms of reasoning found in scientific contex

damenta] concepts covered in earlier

purpose of moral reasoning is to formul

ate reasonable moral judgments about what
is right, wrong, good, bad, fair,

: and unfair. The purpose of legal reasoning is to
formulate judgments that decide legal contests. And the purpose of arguing back is

to engage the arguments of other people in a rational and critical manner. Each of

these purposes presents special difficulties that must be dealt with in order to argue
effectively in these contexts.

An essential task of science is to explain how and why things happen. From
physical sciences (such as mechanics, chemistry, and biology) to social sciences (such

as economics, sociology, and psychology), every branch of science has this task. For
this reason, a great deal of effort is invested in formulating, testing, and refining

the explanatory concepts that are at the heart of each scientific discipline. Accord-
ingly, part of this chapter is devoted to some of the inductive procedures that help
generate explanatory causal statements (section 11.2). Another part examines some
problems connected to the application of explanatory hypotheses, in particular,
deciding which ones to accept and apply when more than one is available (section
11.4). We finish the chapter with a case that will illustrate how the various methods,
argument forms, and concepts that we have covered can be used in combination
with each other (section 11.5). But, first, let us consider what makes a scientific

concept genuinely explanatory.

111 CAUSATION / CORRELATION i .
To appreciate some important widespread features of scientific reasoning, let us
feturn to a concept that first came up in connection with argument adequacy:
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Mill outlines five methods: (1) the Method of Agreemen, (2) the Method of
Difeence, (3) the Joint Method of Agreement and Difference, (4) the Method of
Concomitant Variations, and (5) the Method of Residye.

Causal order ape correct,

121 Method of Agreement
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r¢ indicated in the appropriate spaces, no an
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Rowan yes .
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John yes yes yes
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Michael yes yes yes

First, compare the two columns on the right. All those who developed food poisor-
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In order to assess an argument based on the Method of Difference, We myg
check to see whether it exhibits either of two weaknesses. First, we Must congige,
whether there are any unobserved factors that may be playing a causal role in the
occurrence of the phenomenon. As in the case of arguments based on the Methog
of Agreement, the antecedent circumstances that we notice will depend on yy
we think is relevant before we make our observations. But it is always possible thy
there might be other, unobserved differences that are causally more important thin
the ones we notice. Suppose, for example, that by mistake the salt added to the sub
ject group in the Petri dish was iodized table salt rather than pure sodium chloride
Perhaps the observed change in the subject group was due to the iodine racher than
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isolated the specific causal factor involved, i.e., the causal agent. As we noted
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mousse that is the more precise cause of the food poisoning (botulism, salmonell
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the data in different ways, the probability that we have concluded correy, - g:)r
Y iny s

case is greatly increased.
Now consider an example that uses the second version of the Methg £y
. , of Di.

ference. In developmental genetics, experimental research can be conducted
on

uent] ' . 1.
;] ly dt:velopl 02 way that is different from what is normal, then the missing
€netic materia] g ; )
it e:: Is inferred to be responsible for normal development. In thi
: : perimental varjable js ¢he genetic material, which is not changed

M

| .
Observed in the subject group of mict il g

Snort
are d‘ﬁt‘iem :.dem‘e 50ne; [ P] are
" pecific geneti;

Materiy] [antecedent circumstances b, &



Jort dense bones [P] are not observed i, ihers

o ntrol rou R
y o™ fic genetic material [antecedent circumsgane &roup of mice wh,

pavt the spect Sl oy z).
h
d of Difference it is prob

ﬂt’fffofe’ by vhe M:tholﬂ & o probable thar the genetic materiy| (a] is

/11’ canst g eores’

f

ethod of Agreement

5189 “

 Jense bones [P] are observed in mouse 1, which had gene X manipulated ()
Shor® od at 3 weeks [b), fed a diet of sunflower seeds lcl, and received regula;

b

short, dense bones [P) are observed in mouse 2, which had gene X manipulated [a)
i weaned at 4 weeks (€], fed a diet of sunflower seeds [c), and received regular

exercise (d].

Short, dense bones [P] are observed in mouse 3, which had gene X manipulated [a),
was weaned at 3 weeks [b), fed a diet of corn [£], and received no exercise [g).

Short, dense bones [P) are observed in mouse 4, which had gene X manipulated [a),
was weaned at 5 weeks (L], fed a diet of corn [f], and received regular exercise [d].

Short, dense bones [P] are observed in mouse 5, which had gene X manipulated (a],
was weaned at 3 weeks [b), fed a diet of peanuts (i, and received no exercise [g).

Short, dense bones [P) are observed in mouse 6, which had gene X manipulated [a), was
weaned at 5 weeks (), fed a diet of peanuts (], and received regular exercise [d].

Short, dense bones [P) are observed in mouse 7, which had gene X manipulated (3],
WS weaned at 4 weeks [¢), fed a diet of millet [j), and received regular exercise (d].

i,b[er‘ﬁr ¢, by the Method of Agreement it is probable that the manipulation of gene
Vis responcible for the shorr, dense bones [P) in this group of mice.

g . Gt ive ata
*¢in this example how the two methods can be used jointly to z;l'rll)ve
. , , of observa-
Hong ¢ otonly can they be used jointly in this way, but the same set © Lt
0the Con[e used in boch stages. In Stage 1 the subject group is considered in fe ; o
I : ide
. group. Then in Stage 2 the members of the subject group are cons
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ments are assessed by checkin
g each

argu
ch other: These : .
: ith the method used st

ted W in that Stage. & for th,

od of Concomitant variations
e that variations in two phenomena coincide with «
causally related. The METHgQ Sch o
OF

11.2.4 Meth
se
When We ob ; are
have reason © believe that Evey identify lati
e et " ARIATIONS et 0 correlations betweey 1, 0N
o This method is useful for diagnosing the source of chyy, Wo s
henomena: ‘ _ ; ges o
P i Jifferent populanons. Ic1s eSpeaally useful when the variarig Ver
or ns
: or example, as the te
dcscribcd in terms of a pro : P B mperature incre, ¢
ainer of liquid, the internal pressure Increases, while as the ¢ Ses iy
m
ure decreases. Also, as we move to higher s Perayy,
titude.

S, the

the internal press
s we move to lower altitudes, it increases, A
. nd ﬁna"v!

v
er) Ve

portion. F

decreases,

air pressure Jecreases, while 2

we might discover that the average qumber of cavities in children in varigy,

¢ of fluoride in the water supply incrfcas;S fopu.
. In [ht

Jations decreases when the amoun
first case, the observed variations are
increases, the other increases in a fixed

variations are inversely proportional, which
other decreases. The third case is inversely proportional, too. Not all uses of
° ses of thi

method are so easily described as mathematical proportions, however. Mill
' . ' . S own
example of this method concerns the relationship between the ocean tides and
. . . and the
moon. In this case, there is a correlation between the position of the moon rehi
o ) . ‘ . ative
. hebearthdand the locations of high and low tides on the earth. On the basisd
this observed correlation (al i i .
ong with o i '
g ther things we know about gravity), weinfe

proportional, which means that as one
. Vau
proportion. In the second case, the o ;
€rve,
means that as one value increases,

that tides are caused by the moon.
There are
two ar; i I
gument forms associated with the Method of Concomiart

S. ’]h i

P1 occurs with P2 in 1.
P1+ occurs with P2+ in 2.
%11- occurs with P2- in 3
erefore, it is pr .
; ob
probable that changes in P2 cause propor tional charé® "

In this sch
eéma, ]/ ’ 2, a '
nd 3 refer to the instances. P! is the phenom"rrlon for Wi

that when ¢he Vi

lue of
the ar of PI dec
" reas
gument de €, so does the value of P2 decreast: " o
ort

scribes
what h
a
Ppens when the method uncovers 2 pro



hen the method uncovers an inverge|

, o e a2t s Y pr
[elﬂ“on' it sssociated with it is slightly differ
u

Oportj

e onal correlation, the
ccurs with P2 in.l.

i ccurs with P2+ in 2.

pl-0 7 with P2-in 3.

i is probable that changes in P2 cayee inversely Proportional ¢},
onaj ¢ an-

2, the argument says that when the value of p; increases, the valye of
» 1€ valye o
) decreases: and when the value of Pl decreases, the valye of P2 increases, Fro
. . . m
P2 nferred that the second phenomenon is inversely rela

ted to the first,

; a cc:inclusmn about the precise causal relation-
he two phenomena is difficult to establ; '
spbeveen p tablish. For while the Method

f Concomitant Variations can i.dentify a pattern of simultaneous or successive
anges in the phenomena, this establishes only a correlation. We must g0
wevond the information in the premises to infer what is responsible for this cor-
rClla[ion. For example, on the basis of available data about the tides and position
Jthe moon alone, we cannot discount two other possibilities. It may be that
the tides are re‘sponsible for the position of the moon, or it may be that a third

fictor is the cause of both. The first alternative simply reverses the causal order

ohis schem

s .
[hli\vich this method, especially,

of the conclusion stated above. The second alternative says that Mill’s sample
agument about the tides commits the fallacy of common cause. We elimin-
ae these possibilities, however, not because they are logically less secure than
the original conclusion. Rather, because of what we believe about universal
grvitation, we interpret tidal activity as the causal effect of the moon when we
Motice a correlation. Again, we are reminded that Mill’s methods are inductive
d that, however systematically they organize the data, they do not generate
“uctively certain conclusions. In order to function, this kind of reasoning
“Wites a context within a larger body of knowledge about how the world

Operg : is body of
. In this case, universal gravitation happens to be part of this body

rno\\'ledge‘
11.2_5
Whe ethod of Residue

ined by
we hy ich is partly explaine
One ¢ V€a complex phenomenon the cause of which Is P lieve that any
r reason to believe

Ore -
Uney laj Antecedent circumstances, then we have ng ante cedent

6 e : remaini
Uy daspect of the phenomenon is caused by the

. !
“30ces The METHOD OF RESIDUE helps o dentfy the el <



¢ of causal factors is nearly complege For
i 1 1 . exH
mass of a certain quantity of liqui die . "‘ple’
. 1 . . w q
n weigh the CORTaINer 2Bain with ghe o Ve
s of the empty container is ] kilogram ity

Yof
liquid in it. Sup _ ed with liquid is 10 kilOgrams. B »ang | s

¥ Sub .
he total mass of the containe, il t:_iqlng
e liquid alone is 9 kilograms. MOreq id,

. cOm
ant to determine what Percenty

he container from t
e that the mass of th

- we W
ble. Suppose ge of ¢,
poss! ' we h : se
have been cransmitted sexually, and ave evidence g, by
¢

f transmission. If we know thar g per

the mass of t
can determin
examples are

of hepatitis @
o
three routes
at there are
th caused by intravenous drug use, and that 15 per cent 4 :
cases arc

blood transfusions, then it is probable that the remaining cases (
00 E )

i lly.
are transmltted sexua . .
i ethod of duei
The form of the argument associated with the M Residue is s fOllowS:

Pley

Useq by
25 per Ceny

P consists of parts P, P,, and P,.

P occurs in circumstances a, b, and c.

a causes P .

b causes P.,.

Therefore, it is probable that c causes P

In this schema, P is a complex phenomenon with parts P, P,, and P,, while 4,5,
and c are the antecedent circumstances. It says that the phenomenon consists of
three parts, with all but one part being caused by all but one of the anteceden
Circumstances. From this we can infer that the remaining part is probably caused
by the remaining antecedent circumstance,

As with the Method of Difference and the Method of Concomitant Variatiors
t.hc Method of Residye has a variant with a slightly different form. The second ver
e i el
effective for redycing L: i relatlonshlp, Suppose a medication is o.r | hen

ucing high blood pressure. If it is observed to be ineffective ¥*

taken at the ¢ : .
dme time g5 an . o oeion g5 dl

: . other medica; medication

Interfering caygq] factor. Th Ry fhieysedont

. ersion 0
g cus e form of the argument associated with this vers®
of Residye g as follows:




21y
on and 4 ;
pis the phenomen ' daang are ANteceden, ifcumg;
a, . - 4 Stances
his sche™ says that while Usuad)’h uses P, it doeg do 5o the pre
(v 1t S AN . senc
i 15Umelb sis of chis, it is inferred that 4 pmbabl)’ Interfere in the Causg|
e ¢ a d " cOn_
l]l(, [hc P
n d P
il : perween s

(0" rguments based on th,e Me?hod Of Residu, WE must firg
e 01558 a okoround causal relationship assergeq in the fipg Premise
e 1 bac oil to support the conclusion, While the other meghq
W understo qusal relation from a correlation, the Method of R
] Al infer a € art of a causal relation from 45 accou

! abom{}iis concern about the first premise is

t determine
is sufficiens.
ds describeq

esidue infers

. se 2 o1 .
Of cour ,concem about premise acceptability, S]]
a

ver be eliminated, the inference o the C
can né

jamot

oncer? bable, it’s not deductively certain. Secondly,
. only Pfo ablies
is o)

hat we do not understand the causal process as

‘hle that )

OSSIbleb (it is also possible that the part of the phenome
es, bu .

lleges, ly due to unobserved circumstances or to an unoh

isentirely

not only does it remajp
well as the firs premise
non to be accounted for

served circumstance and
| observed circumstance. Perhaps the remaining 25 per cent of cases of
idual O

C infections are due to sexual transmission nd some other source that has
itis C infec i

hepatitis

1ot been noticed before.

i3 SELF-TEST NO. 17

. . b . . d
For each of the following passages, identify which of Mill’s methods is being use
‘o each o

' g g

iratory Syndrome]

. Epidemiologists traced the illness [Severe {\cult::;sg;onés I\)jletropole

back to a professor from China who was stayinga ith SARS stayed at the

Hotel. Five other people who have come down.wne floor as the professor.
same hotel, with some of them staying on the sai

ews()n e, hSA S‘| anuary 0

ation is not as high as
2. The mortality rate of SARS in the gencrsfl posllli': created successfully.
o TERorTs mighr sugaessfpad syt Caortality rate at 10-15 per
The mogy recent estimates peg the general n:mlity rate is not the samrz
cent, HOWever, this is deceptive, for the .mohetqlth)’ and under 25 )’}ease
or all groups. For those who are otherwise for‘ he eldetly and for tho
Otage, it i slightly less than 1 per cent. But

iti lls thC



obable that SARS is much mq,

patient is elderly or suffering f; diff,

m 3

L. SO it is Pr
"

whcn the ‘
pr oy

Reservel raises the discount rate [at whig, :
ot afford to borrow as heavily 4 |, hop
money © | cheir lending and raise their own interest rates [tq thei::nd
results in less money flowing into the economy, COHVers:;n
if the Fed relaxes its discount rate; .ﬁnancial itolstitutiom. have more dOIIaﬁ
for their customers: Seen from this persp e.CtIVC, the discount rat has ,
snowball effect: Raising it means that other interest rates go up as we| nd
omic activity slows down; lowering it hag

ther things being equal, econ
o .T. Reynolds, aﬂle Federal Reserve S)’Stem,” h[[p//WwW

/Texts/fed html [accessed on January 23, 2015))

lCnds

banksl, banks canf

opposite effect. (H

udel.edu/her/American
ticated dog breeds become quite adept at responding to huma

estures such as pointing. By contrast, neither their genetically close relative,
wolves, nor intellectually superior primates, such as chimpanzees, respondaswel
as dogs to the same cues. Therefore, it is likely that something happened in
evolutionary heritage of dogs (i.c., 2 combination of breeding and socializatior

since they split off from wolves and that factor is responsible for this ability.

4. All domes

5. Former US Olympic hockey coach Herb Brooks probably fell asleep
at the wheel before his fatal car crash last month, according 10
report released yesterday [by] the [Minnesota] state police. The repor
confirmed that Brooks wasn’t drinking, speeding, talking on his e
phone, or having a health problem before the crash. Police said weath!
and road conditions were ruled out [as the cause). (Associated Presy

«B ”
rooks Most Likely Asleep Before Crash,” Sept. 17, 2003)

6. Twi .
ins have a reduced risk of suicide, which supports the hypotheSlS

that strong fam; ,
am i . in
was conSisgtem ily ties reduce the risk for suicidal behavior: s ﬁ?d'oi
across coho ulat
Its, se : ed poP
» sex, and zygosity. As we U PF™

based rep;
I'Cgls[er da
& ;
? there was little room for selection bias: €
f iste!

risk facto
161 stitaida:
studies b suicide is mentg] ill b h Danis
§ have found menta] ness, but otherl
a

twins t i”ness t ” Ommoﬂ _
han among singlero o be slightly more ¢ i

ns. This should lead to a high®" PIOE o

de compared with the gencral poP” ¢
dersco™”

of twin
S COmm. %
i .
tting sujcj

but OUI' ﬁ
ndin S
8s show exactly the ovosites fiugther un
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.

of strong family ties, (TOmassim
nce

rtd . 1 Year Follow up Study” parr o . Risk of
imPO 5 Twins: 5 Y. Mj Brltzsb Medjm[
Sulc™ 377411 (2003): 373-74) '
]01”"[11 hildren are more likely to go for high-fat foods and snacks thyp, their
75tressed chl regardless of whether they respond tq anxiety by €ating moge
g . d peCIS;
PlgCl

20 British schog)
al. A study of 4,3
[han usu

children, ppearing in the
g 5; Hea[;:la Psychology, found a strong relationship between stregs and fatty
. ollfn

the most stres
J 45 Those 11_year—olds who were
foods-

Js as their less anxious classmates. T hey
sa
farty foo

» Cecilig et al. «

sed ate nearly twice as much

also were the biggest snackers,
they “were also less likely to consume the recommended five
time,

same

Arthe

its and vegetables a day and eat a daily breakfast” saig Jane Wardlc?,
or more fruits aéancer Research UK Health Behaviour unit. (Globe and Mail,
director of :1}-16 Stress and the Munchies,” A22, September 3, 2003)
; s:
“Social Studie

iversi hologist
riment conducted ... by the Stanford UmverSfty o cﬁcd
8. In a famous &XPE arked on a street in Palo Alto, where it sat untou

' PhilipZimbardo, acarwasp Zimbardo had an identical car parked in a roughly

ame time, Zimba R L icense plates were

for aweek. At t-h;i,orhood in the Bronx, only in this case t-he hczrtl:ipf’ed' Then,

comparable :;if hood was propped open. Withll:l a dAE;Y, it v::swmdows e

e Palo Alto ca
removed an hed one of the imbardo’s
A imbardo smas ed. Zimbar

in a final twist, VZ(/m;n 1 a few hours, that car, too, v:has dc::;ﬁ deviation from
i ; —thata

SpeRTEE der invites even more disorder a; criminality. (Malcolm

point was that dls.or motion a cascade of vandalism an

the norm can set into

b | ] )

ANATION d 1o explain
i4 INFERENCE TO THE BEIS-c‘i- Et)i(CI:ILbY Confirmation Ca;:t::: the truth of
; uc se s
nsection 10.4 we examined ho“; tliqme, observations Ca;l E: (lileduccd froma }111)2:10:115
i Sa“t“ion statement that has Z the hypothesis- W
ihYPOthesis. \Wh;n an obsc:ﬁ ave inductively confirme
S s ot o be true, w

hesis. As we $3%
. onfirmed the hypot™ _and a dis-
Wervation statement is not true, we have dl:;(: of deductive Ccr:,a;[:);/hilc we 2‘1IC
mCh“Pter 10, inductive confirmation f#s; ina pumber of v;?:,ect and conclusn;e
Mimeg h}’[;othesis can be saved or re\.rlse ¢ do not have ah pothesis is not T}lla);
“med with the truch of a hypothesis, ;‘/,Ioreover, a goo E}' UACY means
[L[[Q eSIab]iSh whether it is true or falSC.
trye

PLANATO RYA d that it does %0 with s
i 6;\1[ Salso explanatorily adequate. EX

enon)
henomt

¢ ; . . of the p

YPothegis explains #// instances



nent of explanatory adequacy -
. C
s how many instances of th,, ohe ems,;k
v Ng
ecifies what restrictions apply. Naturally, the w‘“’engn
xplains 20¢ ¥  best hypothescs have a univergy| Scope . ot
) In 0
component concerns th th
or 4ll instances- The second Ch g il e Bvbioiie .CACCU A();
v u sis
words, they € hat is, it ¢ells us how m . 15 able
of the hypothes!S; t rticular observation. Naturally, the More 4, Pr.

:on of any pa . tail
vide as an explananon of any 48 each instance preclsely. For 3 hYPOthes lieg

' ter, for it expla ) : is to
hypothcsis o ll:lfltatoril)’ adequate, there should be no unexplained {NStances o¢ the
completely ¢XP

s scope is universal or unrestyicy
henomenon (in which case, we 53y lt? . he hypothesis with S k
- rements should be deducible from the hypothesis with as m, Pre,
observation st it g the observations themselves.
sion as we are abl¢

hieve in makin _
Of course, if every observation is €xp lained by a single hypothesis then y,
have good grounds t

o accept the hypothesis. But there are two commop g,
tions in which the evi

e ﬁ rst Comp 0

scope

dence is not so decisive. (1) Sometimes two or more Rlyy|
HYPOTHESES may each purport to explain some observations without ei,
one explaining all of them; that is, both hypotheses are restricted in scope. If
hypotheses are inconsistent with each other, then at least one of them is not i
How do we decide which one to accept? (2) Sometimes two or more rival hypothess
purport to explain 4// the observations; that is, both hypotheses are unrestriced
Again, if they are inconsistent with each other, then at least one of them is not e
How do we choose which of these to accept?
The most decisive strategy for resolving an impasse of either kind is to dei
a crucial experiment. A CRUCIAL EXPERIMENT is designed to generac
observation that is predicted to occur by one of the rival hypotheses and prediclfd
e et b o e ek
Goiice » & disconfirmed hypothesis may be qualified, some of its &7
Pts may be redefined, js scope may be limited h of the thee”
that generared i may be revised ( y. ¢ limited, or another part i
to eliminage any of the riya] h S i eopt
who sti] maintain thay ¢he w);rr)l(:id'leses once and for all. There are, afte a“’qpmeaﬂ
yPotheses are equally ac C‘: flat and not spherical. Still, this dOeS“O ”
: Ptable or that there are never reasons ' o

. ic
o We must assess hypotheses by asking wh 4
s The o
components of explanatory adequac! P b

deSt SCope

1 we Wiu C
fer

n SCCti()n 11'4

and e
hesi : We can determine which is more %" i
YPothesis ¢, pre i

onSidCr 'y s A
When tyyq hat rationg| grounds are available © dec T

Testricted |
ce.
Ypotheses compete for our acceptan



8 will consider what rational grounds are available to 4.

A0 | ";o unrestriCted hypotheses compete to explain the obser(z, d?qde Which to pre.
. en ﬂrcd o disputes, for they go right to the heart of why , a.tlons..Th

g df thezs are supposed to provide explanations for observed p}, Sclence is supposed 1o
o enc - explanatory hypothesis available when we fOrmulzt::omena’ and we wan¢
% fhe[ e find a way 1 settle these disputes in a rationa]} dn exPl'anation. Soitis
impartﬂn _ y defensible manner.
o choosing betwe(len Rivil Reitricted Hypotheses

M er, is there only one ypothesis that pur .

Rfrel)’,‘ii 6‘ave more than one hypothesis, we mig}i s:; i:att(zhzxg !‘;n something,
t\;}:i,mpew with each other for our acceptance. In these cases, wel nzr:;z :Zﬁz(t)h-
Lcrweﬁ o rival hypotheses. Suppos? Louis notices that the last piece of chocola:
ihday cake that he has been saving in the fridge is gone and that the plate it was
pissiting 0 the sink, licked clean. If the only people who have been in the house
dnce he put aWay the cake are his two brothers, Leo and Paul, then Louis might

ymulate TWO rival hypotheses. These are as follows:

H1: Leo ate the last piece of cake.
H2: Paul ate the last piece of cake.

lso that Paul cannot stand the taste of chocolate or cake, and that choco-
hie cake is Leo’s favorite dessert. Bearing this in mind, Louis will be able to recall
mny occasions when Leo devoured chocolate cake enthusiastically, and countless

ies when Pau] declined cake (and other chocolate treats). All these memories
onfirming observations for HI, and the

memori . , : .
mories of Paul declining can be counted as disconfirming observations of H2.

Inth; ) :

bn this case, the choice between H1 and H2 is pretty €asy- H1 is far more likely to

C .

fo:]ruue fhan H2. It isn’t always as easy to choose between rival hypotheses as It was
Ouis. Bue, in general, the logical situation is not fundamentally different from

thig L
Let . .
us develop a more sophisticated example to illustrate how this is s0

In
the the
Seventeenth century, physicists were divided over a controversy about
e movement

Tatyre
of i
i ight. Isaac Newton maintained that observa - Chrstan
we : - :Jes. Chri
e best explained by thinking of it as an emission of particics

]ng 0[_‘ .

i ~ ,
l*’ﬁc i 'S motion as a travcllng wave. A summary 0 at arises
"h "t the car i i[lustrates the problem

¢ y years of the twentieth centurys Jations ar¢

: b i me obser
i : i )

X lalned d hypotheses compete with each other (i.e- when

is explains all of chem).

Y €ach hypothesis, but neither hypothes!

Suppose a

of :
Leo eating cake can be counted as ¢



o observations that seemed tf) confirm ope hypo 3
o Newton and other particle thCOrists, the by Slsbut
is confirmed by the observations that |; hPOthQsis
fects off mirrors in the same way a by|] b, trayg,
ns and other wave theorists, the hYPOth:-CQS o
wave is confirmed by observ.ation's that two beapy, i glstthat
light moves 25 ah ther without either one being disturbed and thy, ligh .8
pass through €2ch © J screen diffracts in a pattern that resembles Waves opass'ﬂg
through a double-sltte ngs in a barrier. At the same time, however, the 2

: h two openi % " SCOPC
Eas;ulf’;};izzsges is limited. The Particle h}’POthCSIS ednnet explaln difffaCtiOH ar:)df
ot |

he wave hypothesis cannot explain why light does not move around Corners
t ) : .
' nfirming observatio _
The two hypotheses and their respective co g- ns can be deSCrlbed
g the argument form for Induction by Confirmation as follows:

‘ -
s appeale
Both camP rding

0
her. Acc .
not the of a particle

s
that light mo.VCS a d that it re
in a straight Lbgel
i

usin
HI: Light as a Particle

Iflight is a particle [h1), then a beam of light will travel in a straight line [ol], gng
a beam of light striking a mirrored surface will reflect off the surface at the s
angle as the angle of incidence [02)].

A beam of light does travel in a straight line [ol].

A beam of light striking a mirrored surface does reflect at the same angle as the ange
of incidence [02].

Tt
*probable, therefore, thar the hypothesis that light is a particle is true [h1].

H2: Light as 5 Wave
Iflight is 4 wave [h2

each othey [03]
d{ﬁ;‘dct [04]

L then two beams of light will cross paths without dis ”rbi’.lg
> @nd 4 beqy, of li

ght passing through a double-slitted screc” u

1
Wo beqy,, of light d, €055 paths 4,



[hcsc hypOthCSCS had been more accyr
ate

0
one i
fon° " . the scales in favor of the more than the oth
accur er, th
- hyPothe ] <
S
Is. But j

tp
pave Ll to settle the di ,
0SS! e dispute :
W8 p [ [ained all the obser P : in this way. Cong 0 th
is exp vations, the chg]] equently, be. IS case,
€nge fo ause nej
t physic; neither
ci

ypoe ™ e hypothesis th
ion of ON¢ ypothesis that would expand i s
pand its s ts was
cope to to find
C()\/CI'[lle ()t) a
serations

form”l‘jl sssociated with the other h
PreViOUSW A : r hypothesis. The hypo,
: en have more explan othesic
ope will th . P aTOry power, which tips It)h €sis with the greate
Essennally, the wave hypothesis gained wider e scales in its fay r
. accept L
and nineteenth : ptance over ¢
centuries because it was gbje er the course of
to explain
ol and

e cightcenth .
le the particle hypothesis could not accommodate 43
¢ 03 and 04, Howev.
* €r,

4, whi
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Albert Michelson and Edward Morley, performed an experiment that disconfirmed
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11.4.2 Choosing
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o d over how t0 explain the existence of fossils and certain Other ge ) "
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debate evolutionists claim that fossils are the pet T

mena. On one side, 1 .
g? :’l‘:ms 2nd animals that died millions of years ago. A central hypothes of :V“ls
0

lutionary theory is that the cart.h is millions, izdcedhbilli.zns, of years o[ and Iha;
this explains the observed fossil record. O.n t ei other si 'e, a popular hYPOthesis
among creation theorists is that the ea.rth is only apprf)mmafel)f 6,000 yegrs i
and fossils are explained as taking their present form in the original Momen;
creation. A summary of this controversy illustrates the problem that arises whe,
two rival hypotheses compete to explain 4/l the same observations. Becayse thi
debate is still ongoing, and because it would divert us from our purpose to enter th,
fray as participants, we won't attempt to trace it through to a resolution (a5 we g
in section 11.4.1). Instead, we’ll use the debate to explore one further dimension of
scientific reasoning. ‘

In the wave/particle debate the two camps were initially divided not only by
their respective hypotheses, but also by the observations that each side deemed
be relevant for testing the hypotheses. In the evolution/creation debate the disagree-
ment may be even more fundamental, for both sides appear to accept the same
observations as relevant. The fundamental difference can be shown by considering
the following descriptions of the two lines of reasoning using the form of Induction
by Confirmation.

Evolution

If t/;e earth is millions of years old [h1), then part of the lithosphere (i.e. the rocky ™
ofthe carth) will be sy atified (01}, and there will be fossils within these 19" o2

Parts of the lithosphere 4y stratified [01]

Fossils are Jound in the layers (o ]

Therefore, js ;
efore, it i Probable th,; the earth i millions of years old [h 1)
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the L’(Z?’t/? w ‘ . ' 4 2); then Bai |
[g«ztiﬁf’d [ol], and there will be fossils withsy, these laye:s ‘[’fz“]b" lithosphers will e
§ 02,

part of the lithosphere is stratified [o]),

Fosils ae found in the layers [02].

Therefores it is probable that the earth was created 6,000 years ago [h2)
o could €wO incompatible hypotheses both be confirmed by the same of
Serva-

y . > 4 4 .
ions in this way? This is one of the most difficult and controversja] theoretical

questions associated with scientific reasoning. Fortunately, it’s not necessary for u
) L s
o solve this problem here. For our purposes, it will be enough to outline what lies

behind the division between the two hypotheses and to indicate how the debate
over a controversy of this sort can be conducted.

Because 0 and 02 are worded as neutral descriptions of facts, it looks as if evo-
lutionists and creationists are both making arbitrary deductions in the first premise
of cach argument. But, as we pointed out above, explanatory adequacy requires
that the observations deduced from a hypothesis be both true for all observation
satements and precise. It is in attempting to meet the second part of the standard of
explanatory adequacy, precision or accuracy, that the deep difference between these
o hypotheses emerges. Neither evolutionists nor creationists should be content
With the bland, undetailed description of the facts as o and 02 describe them. For
“ample, consider how each would elaborate on 02 to improve its precision. E.aCh
“mp will define fossil differently. An evolutionist might define it as the petrified
S o trages of any organism that lived in the distant geological pash Whe;eas
retionis might define it as mineral patterns that have the appearance of plan®

o anj - fication of organic
"mals. Moreover an evolutionist will maintain that Pef“ﬁc , illions
@l takeg pl 4

0

Yearg to cOmp
t 3

W distip,

) " s th
ace under certain conditions 1n a P“’CQSh e mineral pateerns
- B . intain thatt
lete, whereas a creationist will maintal

; we begin
) ) ation. NowW
Buish fossils were produced by God in the act of er. ferently by the W0
. i
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were true. NOwW we sc¢ that in order for two scientists ¢, iy [UCcd
nt of a hypothesis, each must interpret the observed phenomeo thg
che same way. Differences of intcrpretat.ion will become evident in the - Obs:i\:
tional details are described with precision. Morfeover,.the precise way theg detaj[;
are described depends on the entire theory within which the hypothess ; She

A THEORY is a systematically integrated set of general principles Methyg
of investigation, and concepts whose function is to explain a wide array of
nomena. Theories generate hypotheses about specific phenomena, bur, significan
they also provide the filter or lenses through which we interpret the observaiy
that test hypotheses. (This is quite different from the popular, unscientific concep
tion of a theory as an untested hypothesis or a guess, by the way; in science, a theoy
is much more systematic and regulative than these popular notions suggest) T

ninete
rejecte
wave hy
tested by
from them
same assessme

interpretive role performed by a theory in formulating a precise observation stat:
ment is the ultimate source of some profound controversies in science, such as ovs
the age of the earth. For the most part, the rivalry between the wave hypothes
and the particle hypothesis was a rivalry between two players in the same game
s0 to speak; both hypotheses attempted to explain the nature of light within the
larger theoretical framework of a mechanistic theory of the universe. The mechar
?Stic theory attempts to explain all phenomena as material elements that in®™"
e r.nathematically determined fashion. Because both waves and particles can®
not be playing che Saate over the age of the earth, the two rival hyp bt
me game, which is illustrated by the disagreement

; &
statements precisely; rather, what may b u!tlﬁa;et%’
h game rules to apply. If two games are Very SImlat !
checking and ice hockey without bOdY’Cthkmg , far
debate over which rules apply. If two games 4res g
fferent in others (e.g., ice hockey without body-c Ce

a M o 1
t€1s more difficult, And if two games are Very

stake here concerpg whic
ice hockey with body-
My not be difficyl; 1o
Some ways by quite di
lacrosse), then this e},



ich body-checking and golf),
€ 1
. e.
@ if not impossibl
™ peories differ so much that i Impossible
 with the same observation Statemeng
b

then the d
Foe o .
bate i BINg 10 be my, h
ch more

10 test g
éhoe;n We muyg; consider he
RABILlTY
and it refers
Ot possible to
is is what the

ans.) Theories
dard that i independent of

h)’PO(hese heories are incom
e hat the ¢ mensurable, |\

g s ot capable of being. measured by 4 .,
relationshiP between two things that are g, different thgy ;.

o o objective comparative judgment about them. ot

,éz; it impossibility of comparing apples an

| Commensurable when there is no available sap

Y of thejr respect-

Mmmon Standar,

(In essence, th
d oranges me

qmatter of much debate. But witl.min the scientific community,
5 prefcrfed theory, and along with it, the hypothesis that ¢
indeed billions) of years old. How has this happened?
Fvolutionism has simply offered more opportunities to pursue research into the
questions that give science its distinctive purpose, that is, the Why ...? questions
Jhout the way natural processes work. No decisive refutation of creationism has
been involved in this preference. And because theories can be saved from refuta-
ion in all the same ways that hypotheses can be saved from disconfirmation, no
such refutation should be expected. Still, this doesn’t mean that the preference for
one theory over the other, such as the preference for evolution over creationism,

evolution has been
e earth is millions

sarbitrary. For in this case, the research program offered by creationism seems
ilways to lead to the same answer. For creationism, all the Why ...7 questions are
wimately resolved in terms of God’s intentions, which are often said to be beyond
human comprehension. It’s not that there aren’t interesting and thoughtful ways to
provide answers to such questions with creation theory. But, however interesting
nd thougheful they may be, they have not been interesting to scientists because
hejustification for them rests as much, if not more, on biblical exegesis than li)n
tMpirica| investigation. Creationism does not suggest observation Stateme:;:a :;
:;;:Stable by e.m‘Pirical scientific research. Ir.l contrast, evolft;t::nmlzllni :l;iie;hesize f
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11.5 CASE FOR DISCUSSION: SEMMELWEIS’'S D'SCOVERY OF
ANTISEPSIS

The process of discovery recounted b.elow.may be analyzeq usin
concepts and argument forms covered in .thls chapter, al.ong with 3 fo,, om ey,
chapters. There are several discrete stages in the overall line of feasoning
with the first observation of the phenomenon and ends with 5 conclys;,
cause of that phenomenon. Using the information from this accouny, (1)
the hypotheses being tested and (2) identify the S€parate stages in th, Overy
argument. Also, (3) identify what kind of argument form is yge at thae g
(4) describe the argument using the appropriate form for each stage,

iden;;
“ line Of
tage ang

Ignaz Semmelweis (1818-65) was a professor of medicine in the Doctor

Ward of the Vienna General Hospital from 1844 ¢ 1848. The hospital wa

dedicated exclusively to the obstetrical care of poor women. For many years
before Semmelweis arrived and for many of his first monthg there, the hos-
pital had an unusually high mortality rate among the patients who came
there to deliver their babjes, In particular, there were frequent outbreaks of
a life-threatening illness known as puerperal fever, which is better known as
childbed fever. ,

We now know that childbed fever is bacterial infection of the female
genital tract thay i contracted during childbirch. In the nineteenth century,
however, the source and transmissiop of infectious disease was very poorly
understood, Iy Was not until 1857 ¢hy, Louis Pasteur discovered germ tthTY'
which explained both the specific cause of infectious diseases as being micr
Organisms and hoy, these diseaseg are spread in a community. Without e
teur’s theory, j Was much more difficult to understand childbed fever (EV;ﬂ
then, jt vy ot until the 1870 that Pasteur himself identified the i of
Organisrrf “esponsible.) Furthermore, in the 1840s there was no treatme™
the T(};OI]dlthf], and very foy, Women who contracted it survived. i
and oteh:ro ;ﬁ:zfiss};f c;“;o division.s, the Doctor’s Ward. Wherzesnet: and the
Midwiye & e lv.ered. babies and taught obstet.rlcS stu bies; the (w0

ard where Midwives g their students delivered babie
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div',lSl-nor o live births, pl?ysmans in the D et 1\dProvidin
i [vof he course of instruction for thej; Stude(r Perform, Atopg;
s Ward had a maternal mortality rate of 5 o For Many ycars Sl}e]s
Doccofneans chat of the 3,000 or so births i aPProxﬂnatcl the
hich ! demic periods the maternal mortality

. ny year 300yv::ni°; :Jcln:i
purin .. In the Midwives’ Ward, however, the ratreatef ey 20;6
l_’e‘ :e\:as much lower. In 1844 it was 2.3 per cent, inolfi;th oy -
feve i 1846 it was 2.7 per cent. — %
aﬂdv(llhen semmelweis raised concerns about the race of chy]
octors ward and asked his supervisor how it could be sci
(hat the fever was inevitable with patients at this hospital,

he poorest in Vienna (expectant women from higher econ

dbed fever in the
high, he was told
WhO were amOng

( omic classes we
. . re

senerally attended to by a private physician in their own homes). He
. was

:;old that the women treated in the Vienna General Hospital were from 2

snferior” class of society, which made them susceptible to miasma (whici
mneans pollution), or atmospheric forces that harbored childbed fever in the
Jir. Semmelweis found this explanation unsatisfactory for two reasons: (1)
women who gave birth on the way to the hospital were far less likely to die
from childbed fever than those who actually made it there in time to give
birth (chis rate was nearly 0 per cent). Why would the atmospheric conditions
in the neighborhood outside the doors of the hospital be different from those
inside the hospital? (2) Since every woman admitted to the hospital came
fom the same socioeconomic class and the two wards were adjacent, all the
women at the hospital should have been equally affected by the miasma. But
the infection rate in the Midwives’ Ward was much lower than in the Doc-
tor's Ward, despite the fact that both divisions were equally exposed to the
“amospheric conditions” that were said to be responsible. Why was there 2

significantly different rate of infection between the two divisions’ |
e Doctor’s Ward might be

Someone suggested that overcrowding in th )
the problem. But the Midwives Ward was more crowded than the Doctors
Ward, 5o this couldn’t explain the difference. (In fact, man
¢ be admitted to the Midwives’ Ward, because the rate of . that
In the Doctor’'s Ward was notoriou‘sly high.) Another suggesnon)\:;f;e .
“'cign medical students in this division (of which there wefe ma:(’i delivery
::Ugh With women during examination. But S s i
j:iofa.r mO.re traumatic chan anything that mlg.h ol
% besides, there was no evidence that foreign

y women contrive
maternal mortality
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Early in 1847 one of Semmelweis’s colleagues, Jakob Kolletschka, died

after receiving a puncture wound from a scalpel while performing an autopsy

While examining the pathology report on Kolletschka’s death, Semmelweis
noticed that his colleague exhibited the same symptoms as childbed fever.
Semmelweis thought that “cadaveric matter” had entered Kolletschka’s blood
through the scalpel wound and caused his illness. Kolletschka’s death led
S'cmmelweis to believe that the women under his care had died froma similar
kind of Poisoning, not from something in the air. Semmelweis, his colleagues,
':l:d thc’:’xr students had been inadvertent carriers of the infectious “cadaveric
siezt,tz; d'fr}cl)i);izitlendiame to d.eliver ba.bies directly from perfor
s harie i CO};traZ)t’ i’;ﬂmlfled.patlents after only superﬁc?a
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