PART |: MATTER

In thesetwo chapters| sketch the basic principles of a dialectical materialist under standing
of nature, and consider itsimplications for some of the key issues in the philosophy of sci-
ence, including emer gence, supervenience, prediction, explanation, and induction. The main
target of chapter 2 isreductionism, and the main target of chapter 3isempiricism.



Chapter 2

Anti-Reductionism

Thereis anold bit of advicewhich says:Watchyour friends;your enemiewill take
careof themseles.n the scientificmétier, this sayinggoes:Suspectheolvious;the
obscuraruthswill eludeyouaryway.

— Kline, Mathematicsin Western Culture

The stingis only remaved from a systemof thoughtwhenthe particularconditions
underwhichit makessensearedescribed.
— BhaskayA Realist Theory of Science

Overthelastthreehundredyearsthe scientificmaterialistuinderstandingf theworld hasbeen
mouldedby two picturestwo intuitions, andl wantto corvinceyouthatathird is atleastpossible.
Thefirst intuition is reductionism. Societiesaremadeof people peoplearemadeof cells, cells of
moleculesandmoleculeof atoms.Thesepartscometogethetto form wholes,andthe behaiour
of the wholesare determinedby the parts. The logical conclusionof reductionismis that all
science— and,in extremecasesall art, ethics,andpolitics— is just ‘physicsplusabbreiations’
asthelogical positivistsputit.

Reductionisnhasbeenonethe mostpowerful ideasof themodernage,but mary arereluctant
to reachits seeminglybrutalconclusions:indeed,it seemgo beallittle-known law governingthe
behaiour of contemporaryhilosophershatwheneer they professfaith in ary form of material-
ism or physicalismthey mustmakeit absolutelyclearthatthey are,of coursejn noway endors-
ing anything asunsophisticatedgeactionaryandgenerallyintolerableasreductionism’(Melnyk,
1995).

The alternatve intuition is lessof a militantly cohesve picturethanreductionismandmore
of anunderstandablesactionto it. Let uscall it pluralism, thoughthe sameintuition goesunder
differentnamesin differentcontets. The centralpoint is that objects— including people,and
their art ethics,andpolitics — mustbe understoodn their own terms. As Fodor, in a review of
E.O.Wilson’sreductionistmanifestoConsilience: The Unity of Knowledge, putsit

everythingis physicalperhapsbut surelythereare mary kinds of physicalthings.
Someare protons; someare constellations;someare treesor cats; and someare
butchers,bakersor candlesticks.For eachkind of thing, therearethe proprietary
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generalisationdy which it is subsumedandin termsof which its behaiour is to
be explained. For eachsuchgeneralisatiothereis the proprietaryvocatulary thatis
requiredin orderfor our discoursdo expresst. Nothingcanhapperexceptwhatthe
laws of physicspermit, of course;but muchgoeson thatthe laws of physicsdo not
talk about.

It isimportantto realisethatthereis no necessargontradictiorbetweerpluralismandreduc-
tionism,andmostmodernphilosophiessombineelementf both. For example,mary scientists
andphilosophersreincreasinglyunhappywith reductionistlaimthatthe higherlevelsaredeter-
mined by thelower, andoneattractive alternatveis whatwe maycall pragmati c anti-reductionism.
This alguesthatalthoughreductionismmay be correctin principle, it canrarely be usedin prac-
tice: it is simply notfeasibleto collectall the data,andperformthe calculationsnecessaryfor all
but the mosttrivial systemsAccordingto pragmaticanti-reductionismpropertieof wholesmay
bedeterminedy thoseof theparts but this doesnotimply thatthey arenecessarilglerivablefrom
them. If you wantto understandhe world thenthe only possiblestratey is to investigateeach
phenomenopnits own termsratherthanstartfrom thephysics.In my experiencemostpractising
scientistavould agreewith someform of pragmaticanti-reductionism.

Basicpragmaticanti-reductionisntanbe strengtheneth variousways. For example,we can
borran from chaostheoryandamuethat aggrejatepropertiesof the systemmay be sensitive to
somepropertiesof a part, suchasthe infamoussensitvity of weathersystemsto a butterfly’s
wing. If this is the casethen accuratepredictionsaboutthe higherlevel dependon knowing
the propertiesof the partswith unboundedaccurag, andtherearevariousreasonssuchasthe
UncertaintyPrinciple,why thisis not possible.

A pragmaticanti-reductionistanalsoarguethatjustknowing the propertieof the partsis not
enoughto derive higherlevel propertieswe alsohave to know the compositiorof the higherlevel
entitiesthatwe areinterestedn. Thusalthoughthe setof valid higherlevel descriptionsnay be
determined by thelower level propertiesthey cannotbe discovered or derived without additional
knowledge. Thuswe find that, with a few exceptionsin astrophysicstherearevirtually no cases
in the history of sciencan which ahigherlevel scientificlaw or descriptiorhasbeenderivedfrom
a lower one;rathersuchphenomenare discoveredby investigationat the appropriatdevel and
only subsequentlyelatedto lower level properties.

For anon-realist— for whom propertiesonly exist within, or with respecto, our knowledge
— thesepragmaticobjectionsto reductionismare also ontologicalones. Thusif objectsand
propertieamustbe discoveredattheir appropriatdevel (ratherthanthe higherbeingderivedfrom
thelower)thenthey will have the sameepistemologicastatus;andthis meanghattherewill also
be an ontologicalsymmetrybetweenlevels of organisation.Indeedit seemsplausiblethatit is
this ability to avoid reductionismthat attractsmary materialistso someform of pragmatisnor
instrumentalisnin thefirst place:instrumentalisnallows oneto be a materialistwithoutimplying
reductionism.

(It is sometimesaidthatanabstracphilosopheyin contrasto a hard-headedcientistjs one
whowill complainthat‘it mayworkin practice but doesit workin principle?’ We know thatanti-
reductionisnis a vital strategy in scientificpractice,sowhy shouldwe carewhetherit worksin
principle?Theproblemis thatthereis no Chinesé/Nall betweerpracticeandprinciple. A scientist
strivesto gettheirtruth-in-practiceascloseto thetruth-in-principke aspossible theirassumptions
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of principle guideempiricalwork. Thereforeif we wantto avoid areductionisscientificpractice
thenwe needanti-reductionisprinciples.)

Anotherway of avoiding the implicationsof reductionismis to expressthe relationshipbe-
tweenlevelsof organisatiorin termsof supervenience (Kim, 1984). Theideais thata propertyof
awhole,P, is superenientonsomepropertieof the parts,p, iff therecanbenochangen P with-
outachangen p; or if whentwo entitiesareindiscerniblewith respecto p they areindiscernible
with respectio PL. Thusthe conceptof supereniencecanbe usedto describethe relationship
betweerevelsof organisatiorwithout mentioningthe reductionisthogey-word ‘determination’.

The notion of emergence hasalsobeenusedto do a similar job to thatof superenienceThe
ideais thathigherlevels of organisatiofemege’ out of the lower, ratherthanbeingdetermined
by it. But the problemis thento defineemegencein a way thatdoesnot involve determination.
Oneway is a kind of mysticalholismin which wholesare blessedwith propertiesthat are not
dependenbn parts. But the more commonway is a kind of pragmaticreductionismin which
propertiesof wholesareconsideregmegentif they arein someway novel or surprising(Nagel,
1961,p374-80)(Crutchfield1994). Hydrogenand oxygengasarenot wet, for example. Indeed
thereis nothingaboutthemwhich even suggests wetnessBut if you putthemtogetherandspark
a chemicalreactionthenyou getwater which quite clearlyis. Nonetheles# still seemshe case
thatthe propertiesof wateraredeterminedy thoseof its constituenmoleculesgvenif we have
problemsderiving them.

Anotherwayof combiningreductionismandpluralismis to hold thateachdoctrineis trueof its
own separat@omain. Theusualsplit is thatreductionismholdsfor biology downwardswhereas
pluralismappliesto humansandtheir cultures‘from the neckup’, asit were. Thuswe find that
mary philosophersrerelatively uncritical of reductionismin naturalsciencewhilst strenuously
derying that the samemethodologycan be appliedto humanaffairs®. Nonetheles# is hardto
avoid the blunt fact that our humanexperienceis in someway linked to our ‘lower’ properties.
If you pushme, for example,then,asa physicalobject,| will fall. If | fall then,asa biological
object,| will beinjured. If I aminjuredthen,asa psychologicabbject,| will bein pain. And if
I amin painthen,asasocialobject,| will sue. Thuswe have mary waysof being,andall these
waysof being— theselevels of organisation— arelinked.

Thereis evidently someconnectionbetweerlevels of organisationbut what? The obvious
answeris the reductionistone, that higher propertiesare dependenbn lower ones. But in the
restof this chapterl amgue that, althoughreductionismmay be true in one sensejt only gives
us half the picture. Reductionismis true in the sensehat the propertiesof an objectareindeed
dependenbn thoseof its parts;but it is also true that the propertiesof partsare dependenbn
wholes.Considerthis example.In the nineteenttcenturyBritain twice wentto war with Manchu
Chinain orderto free up hertradein opium. Sothe foreignpolicy of the British Empireresulted
in anincreasdn the concentratiorof opiatesin the brainsof millions of Chinesepeasantslf a
Chineseneurologistvantedio know why therewassuchahigh concentratiorof endorphingn the

1Thesewo versionsof supeneniencearenotstrictly equivalent,but thedifferencebetweerthemarenotimportant
for this discussion.

2The samecombinationof intuitions recursin MargaretThatchers infamousclaim that ‘thereis no suchthing as
society justindividualsandtheir families’. After all shedid not claim thattherearejust atoms andtheir interactions,
asamoreconsistenteductionistwwould. Individualsarethe only thingsthatexist for Thatcherfor the bluntly pluralist
reasorthatthey aretheactorsin thepolitical discourseghatshewasconcernedvith.
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synapsesf thebraincellsshestudied thenpartof theanswemould pointto British Imperialism.
Moreover, oneof theeffectsof this massaddictionwasto increaseChinesesupportfor the Taiping
rebellionwhich calledfor the prohibition of opium andthe expulsion of the foreign powersthat
supportedhetrade.Soin orderto understandhis pieceof historywe musttracethe connections
from the sociallevel, down to biology, andbackup to thesocialagain;andit is preciselythiskind
of analysisthatbothreductionismandpluralismrule out. The pluralistwould aguethatyou can
understandhe ebbandflow of historicaltideswithout botheringwith biology. The reductionist
would disagreeput would aiguethatthe biologistshouldstick to biochemistrybecauseolitics
cannottell usarnything aboutbrains.

Or considethis otherexample.We arenow all familiar with theincreasingpowerandsophis-
tication of psychoactie drugsthatareableto relieve the symptomsof variousconditions,such
asthe effectsof SSRIson depression.The reductionistinterpretatiorof this successs thatthe
psychologicallepressiolis caused by a neurochemicaimbalancewhichthedrugscorrect.Many
pluralistsareunhappywith thisinterpretatiorandpreferto emphasiséhepsychologicahnd/orso-
cial cause®f thecondition,but seento believe thatthisrequireshey dery thatthedrugshave ary
beneficialeffectsatall. But thereis no contradictiorbetweerthe two explanationslt is perfectly
possiblefor socialpressureso have effectson the neurochemistryf our brains,with depression
beingtheresult. Drugscanbreakonelink in this chain— andtherelief canbe welcome— but
this doesnotimply thatthe conditionwasultimatelybiological.

We arenotdeterminedy our biology, asthemore‘greedy’ reductionistvould argue. But nor
arewe independentf it, asthe more‘idealistic’ pluralistwould ague. Whatwe do ashumans
depend®n our biology; but it is equallytruethatwhatwe do ashumansaffects our biology. The
restof this chapteris an attemptto outline an alternatve way of understandinghe relationship
betweerlevelsof organisatiorthatcanaccommodatéhis simpleintuition.

2.1 Reductionism and Materialism

The basicpremiseof reductionismis thatthe world is madeof objects,eachof which hasprop-
erties. Theseobjectscometogetherto form larger objects,andthe propertiesof thesewholes
are dependenbn the propertiesof their parts. We may then argue whetheror not descriptions
involving thoselarger objectsareeliminable,or whetherthe propertiesof the wholesarestrictly
derivablefrom thoseof the parts,but the basiclogic seemgo beanirrefutableandinevitablecon-
sequencef materialism(Melnyk, 1995)—hencethe suspicionin somequarterghatanyonewho
espousesary form of anti-reductionistiolism mustbe somekind of ‘flaky’ anti-materialist.Let
me put the samepoint anothemway: how, precisely canthe whole be greaterthanthe sumof the
parts?If oneis to remaina consistentnaterialistthenit is a bit of the problemto explain where
the extracomesrom 3

Reductionisnseemdike oneof themostobviousandbasictruthsin scienceButit is precisely

3“The whole is greaterthan the sum of the parts”is a useful way of summingup the basicintuition of anti-
reductionismput it is strictly inaccurate.The ideathatthe wholeis greaterthana linear sumof its partsis perfectly
compatiblewith eventhe strictestreductionism.The gravitational force betweertwo massesfor example,is equalto
the product of the parts,andyet this exampleis a triumph of reductionistanalysisratherthanbeingary kind of threat
toit. A moreaccuratevay of expressinghe problemis to askhow the whole canever be morethana function of the
parts.
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becauseét seemsso obvious andbasicthat! wantto put it undersuspicion.The aimis to shov

how it is a peculiarlyone-sidedvay of looking attheworld, andto suggesanotheiperspectiein

an attemptto redresghe balance.Unfortunatelythe reductionistintuition runsso deepthatit is

difficult to know whereto startchallengingit. It is temptingto startfrom metaphysicafirst prin-

ciples— thisis, afterall, thephilosophersnaturalstratgyy — but | have foundthatpresentinghe
algumentin thisway rarely corvinces. It seemghattheintuition is justtoo deep.Thealternatie

stratgy that| pursuehereis muchmorepragmatic.l considerthreesimple, familiar, examples
of systemgnadeof mary interactingparts,andshov how theanti-reductionisperspectie cando

usefulwork in makingsensef aspect®f thesesystemghatthereductionisiperspectie neglects.
| hopethatthevery mundandamiliarity of theseexampleswill corvincewheremetaphysicagen-
eralitieswouldnot: if theanti-reductionisperspectie cando someusefulwork onsuchwell-worn

exampleshenperhapst shouldbegivenachanceonthemoreobscureonesdiscussedaterin the
thesis?

The first exampleis the Boyle-CharlesGasLaw, which statesthat temperatureof a closed
containerof gasis inverselyproportionalto its temperatureln this casewe have an object(the
container)that hasproperties(temperatureand pressurethat behae in a particularway (they
vary inversely). Maxwell and Boltzmann,in a triumph of reductionistanalysis,proved how the
behaiour of the gascould be explainedby the motion of the individual moleculesthat makeit
up: eachof thesemoleculescollide elasticallywith eachotherand the containerwalls, andas
we heatthe gasthe velocity of the moleculesncreasesndthey exert anincreasedorce on the
containerwalls. Thusthe temperaturendpressuref a gasare determinecby the motion of its
moleculesandthegaslaws governingthe propertieof thewhole containeraredeterminedy the
laws governingthe behaiour of its parts.

The secondexampleis Conways Gameof Life. Supposeve have alarge grid of squarecells,
eachof which canbe ‘on’ or ‘off’. The stateof eachcell at the next stepin the life-cycle of
the grid is determinedby simplerulesdefinedover the currentstateof the cell andthoseof its
neighbours.Out of thesesimplerulesemege a rich ‘eco-system’of higherorder patternsthat
may glide acrossthe grid, blink betweentwo states generategliders,andso on*. The Gameof
Life is oftenusedasanillustration of how systemf interactingpartsobeying simplerulescan
producenovel andinterestingbehaiour. But nonetheless is still the casethatthe appearance
and behaiour of the objectsin the system(i.e. the higherorderpatterns)is determinecby the
arrangemenand propertiesof their parts. Glidersglide andblinkersblink becausef the rules
governingthecells. The Gameof Life is anexampleof how the reductionistapproaclcanmake
senseof theemegenceof compleity, nota challengeo it (Faith, 1998).

Thethird exampleis acarengine.A carengineis madeof mary differentparts— driveshafts,
pistons,cam-belts,and so on — eachof which are carefully engineeredo have very precise
properties.None of thesepartsproduceary power ontheir own, but whenthey areputtogether
in theright way thenwe have a completeenginethatdoes.Pawer is thusa propertyof the whole
objectthatis dependentn the propertiesof the variousparts.

It shouldbe notedat this point that noneof thesethreeexamplesare biological or social. |
do not, for example,considetow thoughtprocessesanemege out of theinteractingneuronsn

4For moreon the ontologicalandepistemologicastatusof thesepatternsseeDennett(1991).
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our brains,or how socialsystemscanariseout of the interactionsof free agents.This omission
is deliberatefor | wantto breakdecisiely with theintuition, mentionedabove, thatreductionism
may be true of the lower scienceshut not for us higher sophisticatedbiological beings. This
intuition only senesto enforcethe gapbetweematuralscienceandthe philosophyof mind that
it is my purposeo breakdown. | hopeto show, by consideringsuch‘mechanical’'examples that
reductionisnis not enoughto understangxamplesfrom whatis usuallytakento beits strongest
ground,andhencethatits extensionto otherareashouldbe viewedwith suspicion.

2.2 Anti-Reductive M aterialism

So, how canan anti-reductionisperspectie help us understanguchsimple systems?2Consider
the derivation of the gaslaws from the kinetic theory of molecularcollisions. Why do these
derivationswork sowell? Feynmanarguesthat

we shallfind thatwe canderive all kinds of things— manellousthings— from the

kinetic theory andit is mostinterestingthatwe canapparentlyget so muchfrom so

little. ...How do we getsomuchout? The answeris thatwe have beenperpetually
makinga certainimportantassumptionyvhich is thatif a systemis in thermalequi-

librium atsometemperatureit will alsobein thermalequilibriumwith anything else

atthesametemperature(1963,p40-1)

Sowhathappensf the gasis not in equilibrium? The easiestvay to find outis to compress
it. As soonaswe pushon thewalls of the containerthe measuregressurewill rise,andaswe
continueto pushwe dowork in compressinghegas. This enegy diffusesthroughthe containey
raising the meanmolecularmomentumper unit volume, and thosemoleculesnearerthe com-
pressedsurfacewill be affectedbeforethosefurtheraway. Thusthe propertiesof the partsare
affectedby whathappendgo the whole. The constituenimoleculeshave the momentunthatthey
do because of the pressureon the cylinder. The dependengconly appeargo run the otherway
whenthe systemis staticor in thermalequilibrium. Or supposehatwe cool the containeruntil
the gasreachests dew point wherethe moleculesstopreboundingandstartto stick togetheras
the gascondensefto a liquid. Thusthe moleculesonly collide elasticallybecause they arein a
gasatacertaintemperatureChangeso thewhole canaffecttherulesgoverningthebehaiour of
theparts.

The moleculesof the gasare causallyaffectedby what happengo the whole containey but
thereis anothemvay in which the propertiesof partsof a systemaredependendn thewhole. This
is conceptual dependencesupposefor example we wantedto know thepower of thecarengine,
andin orderto measurehis propertywe connectedh measuringdevice to the main drive shatft.
Now thedrive shaftis clearlya part of the engine,andyet the powverwe measuras describeds
a propertyof the whole. We would not usuallysaythatthe power of the shaft wasX Watts, but
thatthe power of the engine, at the shaft,wasX. Paweris a propertyof thewhole engine but is
locatedat oneof the parts. On the otherhand,whenwe measurehe power at, say the camshaft
we would not normallydescribehis as‘the power of theenginemeasureét the camshaft’ . Why
thedifferencen thetwo cases?Whatmakesonea propertyof thewhole andthe othera property

5Non-equilibriumsystemshave beenlargely neglectedin physics,with the notableexceptionof the work of Pri-
gogine(1962).
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of apart?Thereasordepend®ntherelationshipbetweertheengineandtherestof thecar—i.e.
thelargerobjectof which the engineis itself a part. Now the outputof the engineis connectedo
therestof thecarvia thedrive shaft,sothe propertieof the camshaftandpistonheadsandall the
otherpartsdo not effect therestof thecardirectly, but only throughthatsingleoutput. The power
of thedrive shaftis dependenbn the propertiesof the otherparts,notvice versa. In otherwords
somethings describedasbeinga property‘of thewhole’ because it is dependentn otherparts.
Thereforethe dependencef wholeson partsis built into the way we define‘property of whole’
and‘property of part’; it is a conceptuahssumptiorthatwe make,not an empiricalresultabout
theway systemsactuallywork.

Thedistinctionbetweerthigher’ and‘lower’ propertiesn suchcasesds purely epistemic.It
is an artefactof how we view the system.The speedof the camshaftor the temperaturénside
the cylinders, is no lessa propertyof the whole systemthanthe power of the drive shaft. Each
of thesepropertieds atthe samelevel. Thedistinctionis ratherbetweerpropertiesvhosedirect
effectsarefelt outsidethe systemandthosewhoseeffectsareinternal. We designatehe former
ashigherpropertiessimply becausave cannotseeunderthe skin of the systemwhenin strictly
ontologicaltermsthereis nothingto choosebetweerthem®

What aboutour third example,the Gameof Life? The problemwith the usualreductionist
pictureis thatit treatsthe Gameasa formal system. However all actualGamesof Life — as
opposedo the Platonicldeal of the formal definition of the game— exist on computer$. And
all computers— asopposedo the Platonicldeal of formally-definedTuring Machines— exist in
a physicalandsocialcontext. They have power supplieshumanusersandprogrammersgooling
fans,manufacturersandsoon. This contet formsa larger systemof which the computeyalong
with the Gameof Life thatrunsonit, is justa part. Moreaover this contet cancausallyeffect the
runningof thegame:thepower supplymayfail andinterruptit; theusermaygetboredandswitch
it off; the programmemaystartto hackatthe code;or the manufacturemayforceanupgradeof
the operatingsystemwhich renderghe old codeobsolete.Thereforethe behaiour of the gliders
andblinkersin the Gameare not determinedsolely by the rulesgoverningthe parts,but arealso
dependenbnthephysicalcontet in which the Gameruns.

Howeverit maystill bearguedthatin all casesn whichtheGameis runningthenthesupene-
nienceof thehigherpatternonthecellularrulesis maintainedi.e. aslong asthe Gameis running
‘normally’ thenthe propertiesof the glidersandblinkersare determinecby the rulesgoverning
thecells,eventhoughthe Gameasawholeis dependenvn whathappensn its environment.But
thisis notquitetrue. Supposeave askwhy thecellsobey therulesthatthey do? Thesimpleanswer
is thatthecomputemwasprogrammedn a certainway suchthatthecellsobey therulesdefinedoy
Conway But why wasthe computerconfiguredn thatway ratherthanary other?Now therules
of theGamewerenotrevealedto Conwayfrom onhigh, but weretheresultof experimentationhe
tried mary differentversionauntil hefoundasetof rulesthatgeneratedhterestingoehaiour. This
processof experimentatioris still goingon. Most copiesof the Gameavailableon the Web, for
example,allow theuserto playwith therulesthemseles,andsotherearemary differentversions

6This pointwill becomémportantwhenwe considetthe distinctionbetweertheoreticaendobsenationaltermsin
generalsection3.3),andthe statusof mentalrepresentations particular(5.2).

7|t is alsopossibleto run the gameusingpenandpaperthoughthis is time-consumingindtendsto rob the gameof
its interest.Thesameamgumentsapplyin eithercasesol will justdiscusshe computerbasedorm.
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of ‘the’ Gamein existence.Thus,in all existing instantiationf the Game,the rulesgoverning
the interactionsof the cells have the form thatthey do because they generatanterestinghigher
patternsasmuchasvice versa. If the rulesdid not generateénterestingpatternghenthey would
bechanged.

(Of coursewithin the spaceof all possiblecellularautomatahereexistsone,call it L, which
hasthe samerules as Conways Game;andthe rules of L are prior to, and not dependenbn,
the behaiour they generate.But unlesswe invoke the axiom of choicethenlL is pickedout as
The Gamebecause of the higherbehaiour. Therefore,even within the spaceof possibleCAs,
the propertyof ‘being the rules of the Gameof Life’ is not prior to the propertyof ‘being the
emegentpatternf the Gameof Life’. Therulesmaybedefinedndependentlyf theiremegent
behaiour but this doesnotimply thatthey areontologicallyprior.)

Systemdike the Gameof Life certainlyexhibit rich andfascinatingbehaiour. And in some
casessuchsystemscanbe successfullyusedto modelnaturalbiological phenomena— suchas
in the work of Thom, Waddington,Kauffman, and Goodwin,andin Turing’s diffusion-reaction
modelof morphogenesisBut we shouldbe carefulaboutderiving generalphilosophicakonclu-
sionsaboutthe relationshipbetweerlevels of organisatiorin naturefrom suchartificial systems.
Thesemodelsembodycertainassumptionabouthow physicalsystemswork. In particular they
assumehatthereis asetof prior lowerlevel entitieswhosebehaiour is determinedy fixedlaws.
Therefore whenwe find thattheir higherlevel behaiour is only non-reduciblén a weak,prag-
matic, senseve shouldnot assumehatthisis a correctunderstandingf emegentphenomenan
nature.Dennettoncenotedthat,for philosophersthe attractionof experimentssuchasthe Game
of Life is thatonegetsto makeup the facts. But we shouldbe awvare of the costof suchfactual
liberalism.

Wheredid thereductionisgowrong?Whereis theflaw in theirargumentabouttheinevitabil-
ity of reductionism?The problemwasthatthereductionisistartsby consideringhe propertieof
objectsin isolation,andthenaskswhathappensvhenthoseobjectscometogethetto form wholes.
The reductionistmetaphysicaintuition is that objectsarein a strongsensendependent of their
ervironment,in the sensehatthey neednothingelsein orderto be. Accordingto this intuition
propertiesareintrinsic to objects,they are essential, they belongto the object-in-itself. But no
objecthaseverexisted'in itself’. All objectsexistin theworld. Althoughwe canimagineobjects
ontheirown— we canleave thementalbackgroundlank,asit were— all objectsthathave ever
actuallyexistedhave donesoin ervironments.All thingsare,on every occasionsurroundedy
otherthings. All objectsare partsof larger wholes. Moleculesare partsof gassesenginesare
partsof cars,and Gamesof Life exist within computers.The sameis true of starsin galaxies,
individualsin societiescellsin bodies,neuronsin brains,andright down the tertiary structure
of proteinsin their enzymaticervironment. In noneof thesecasesare objectsbornin isolation
andsubsequentlgometogetherto form wholes,ratherthe objectcomesinto beingaspartof the
whole.

Moreoverthe propertiesandrulesgoverningthe behaiour of objectsdepend ontheproperties
of thosdargerwholes andthey dosoin two ways.First, propertieof partsarecausally dependent
on the propertiesof wholes:coolingthe containercauseshe moleculego stopcolliding, andthe
glidersandblinkersin the Gameof Life stopgliding andblinking if the programis interrupted.
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Secondpropertieof partsareconceptually dependenbnwholes:thepower measureatthedrive
shaft'is’ thepower of theenginebecaus®f thewayin whichit is connectedo therestof thecar,

andtherulesof a particularCA ‘are’ therulesof the Gameof Life becaus@f thetypesof pattern
thatthey generat®é Wholesareoftendescribedasbeingemegentproductsof their parts. This is

true,but it overlooksthefactthatparts arealsoemegentproductsof wholes.

2.3 Downwards Causation

Downwardscausation(i.e. the causaldependencef partson wholes)hashad a disreputable
history in the philosophyof scienceever sinceit wasproposedasa solutionto the mind-body
problemby Sperry Popperand Eccles(1977). It hasalsobecomeunpopularin the context of
socialstudieshy its associatiomwith stronglystructuralistanalyse®f history, in whichtheactions
of theindividual are determinedby highersocialstructures.Szenagothaiadmitsthat defending
downwardscausationwill confirm his imageasa ‘crazy Hungarianandanimpossibleromantic
adwenturer’(1984),whilst Bedaunotesthat

although[downwardcausation]s logically possiblejt is uncomfortablylike magic.
How doesan irreduciblebut superenientdownward causalpower arise, since by
definitionit cannotbe dueto the aggreationof the micro-level potentialities?Such
causabowerswould be quite unlike anything within our scientificken. This notonly
indicateshow they will discomfortreasonabldéormsof materialism. Their mysteri-
ousnessvill only heightenthetraditionalworry thatemegenceentailsillegitimately
gettingsomethingrom nothing.. .. But the mostdisappointingaspecof [downwards
causationjs its apparenscientificirrelevance. . We shouldavoid proliferatingmys-
teriesbeyond necessityTo judgefrom the availableevidence [downwardcausation]
is onemysterywhichwe don't need.(Bedau,1997,p377)

But downwardcausations neithemrmysteriousor superfluousFor example, supposeve mea-
surethemeanmomentunof aparticulargasmoleculeoveraperiodof time,andthencompresshe
containetby 20%. Fromjustthisinformationwe canaccuratelhpredictthatthemeanmomentum
of themoleculewill riseby aproportionateamount.This is anexampleof predictionusingdown-
wardscausatiorthatis both easyandreliable. The reductionistwould claim thatwe could have
produceda similar predictiongiven enoughinformationaboutthe exact trajectoriesof the other
molecules.But this ignoresthe fact thatmoleculesare not perfectlyelasticbilliard balls. If they
werethengasesvould never condenseThedeterminedeductionistvould alsoneedinformation
aboutthe exact structureof the electronicorbits of the moleculesin orderto predictthe results
of theirinteractions.In contrastthe analysishat usesdownwardscausatioris easy reliable,and
theoreticallysound.If oneignoresthe kind of empiricalregularity on whichit is basedhenone
hasmissedanimportantfactaboutthebehaiour of thesystem.n short,if oneisinclinedtowards
pragmatism— with asmall‘p’ — in sciencethendownwardscausations aspragmaticallyuseful
andtheoreticallyrespectablasary othersort.

Thesameargumentcanalsobecashedutin termsof counterfactualélewis, 1986).Suppose
oneholdsthatC cause£ iff E wouldnothave happened C hadnot. In ourexamplethestochastic

8Conceptuatiependencwill turnoutto beimportantwhenconsideringherelationshipbetweermentalstatesand
theworld (section5.3), andbetweergenesandorganismg9.3). But for mostof the restof this chapterd concentrate
onthestrictly causarelationshipbetweerpartsandwholes.



Chapter 2. Anti-Reductionism 15

natureof the systemensureghatthe effect of compressinghe gason the averagemomentunof
theindividualmoleculewould have beenthe sameno matterwhatparticularsequencef collisions
occurredthelowerlevel eventsareoverdeterminedby theirimmediatecausesTherefordt is the
higher ratherthanlower, eventsthatshouldproperlybedescribedasthe causen this case.

Oneobjectionto the possibility of downwardcausatioris thatit seemso imply causalover
determinationif themomentunof amoleculeis causedy its own historyof collisionsthenhow
canit alsobe causedy the gasbeingcompressedh a cylinder? But the ideathat theremust
be uniqueefficient causeof ary eventis anunnecessarflangaer from Aristotle. Any realphe-
nomenoris adenseweb of causalprocessesWe canusefully pick out certainof theseprocesses
asbeingmoreimportantfor statisticalor discursie reasonshut this doesnot requirethatthose
propertiesberegardedasthe unique causeof anevent. Of courseall instance®f downwardscau-
sationwill be mediatedoy local, lower, mechanismsBut oncewe abandorAristotle’sinsistence
onauniqueefficientcausethenthereneedbeno contradictiorbetweerregardingbothhigherand
lower eventsaspropercauses.

However thereis one notion of causethat doesnecessarilyexclude the possibility of down-
wardscausationThisis to demandhatobsenedcorrelationsaareonly causaif they areinstances
of acoveringlaw. So,for example,compressinghe cylinder may effect the motion of particular
moleculesbut the laws governingtheir motionwill remainthe same. Accordingto this view it
is the frequenyg and orderof micro-ezentswhich arethe target of downwardscausationyather
thanthelaws thatgovernthem(Schibder 1998). This versionof anti-reductionisntoncedeshat
objectsmay be affectedby their ervironment,but the way they areaffectedis afixed andintrin-
sic propertyof the object. For example,moving the pistonof a compressegaswill changethe
motion of the constituenimoleculesput the laws thatgoverntheir collisionsremainunafected.
Accordingto this analysisdownwardscausatiorcan alwaysbe eliminated— at leastin princi-
ple — in favour of a causalstorywritten in exclusively lowerlevel terms. The causallyeffective
higherlevel propertyis just a shorthanddescriptionof a stateproperlydefinedat a lower level.
Thuswe canre-writethe claim that‘the movementof the pistonaffecteda molecule’in termsof
the collision of individual particles.But aswe sav above, gasmoleculesdo not alwaysobey the
laws of elasticcollisions. If we cool the containerthenthe moleculesstopreboundingand start
to stick. Thereforechangesn the ervironmentof a partdo notjust affectthe part. They canalso
changeheway the partis affectedby its environment.

Therearetwo waysof dealingwith suchexamples.Thereductionisteactionis thatif a prop-
erty turnsout to be dependenon the contet thenit shouldbe eliminatedin favour of oneat a
lower level. Soif moleculesaregoingto stopreboundingandstartstickingthenperhapghe gas
shouldbe understoodat the lower, and presumablysurer level of atomsand electronicorbits.
Thereductionistaxiomthatobjectsandtheir propertiesarein a strongsensendependenof their
ervironmentis built into their definition of a ‘real object’ and‘real property’. Reductionismis
ana priori assumptiorabouthow theworld is: if propertiesandentitiesaredependenon their
ervironmentthentheirreality is questionedthey aresecond-ratentities justapproximationshat
we find corvenient.But it is highly doubtfulthatthe reductioniststratey would ever yield prop-
ertiesthat satisfytheir criteria. The reductionistendsup in free fall, tumblingthroughthe levels
of description Jlooking for onethatfits the ideal of a billiard ball universe. Until the revolution
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of quantummechanicshereseemedo be a bottomlevel safetynet, but now eventhathasdisap-
peared.However the philosophicabroblemsaroundguantummechanicsre eventuallyresohed
— whetherby theuseof actionat a distancepr therole of theconscioubsererin thecollapse
of thewave-function,or someotherequallyexotic solution— it seemgnorethanlikely thatit will
involve someform of radicalenvironmental-dependenad propertiesandfail to fit the classical
reductionisipicture.Quarks for example,arecurrentlyassumedo betheultimatecomponentsf
nature,andyetthey cannotevenexist outsideof the protonsandneutronghey form. Thereduc-
tionist criterion of objecthoods thatanobjectdoesnot requirearything elsein orderto exist, but
guarksdo not meetthis criterion. The persistenteductionistis in dangerof beingunableto find
arything to reducehigherlevel descriptiongo®.

The alternative strateyy, the anti-reductive strat@y, is to acceptthat propertiesare held by
objects-in-emironmentsnot objects-in-themseks. Thereareno suchthing astruly intrinsic (i.e.
ervironment-independenpropertiessince nothing ever exists in isolation. The situationsthat
scienceusuallydescribess'isolated’ — suchasa vacuumwith flat electromagnetiandgravi-
tationalfields, or a laboratoryarena,or a testtubeor Petridish— arethemselesernvironments
asmuchasoccupiedspace naturalervironmentsor living organismsare; they arejust different
kinds of ervironment. (Similar consideration$orce usto concludethatonedoesnot find one's
‘true’ selfin aBuddhistretreatjust a differentone.)Whenwe saythatanobjectweighsX, or has
amassof Y, or thatit hasthe colourZ — i.e. whene&erwe predicatea propertyof anobject—
we actuallymeanthat the objecton earth weighsX, or hasa massof Y in our inertial frame of
reference, or hascolourZ at roomtemperature. If we putthe objectonthemoon,orin arocket,or
in akiln, thenits propertieswill changeaccordingly Objectsonly ever exist in ervironmentsand
the ervironmentcanaffect eventhe seeminglymostfundamentabndintrinsic of properties.An
objectmaybe madeof gold, but putit in agua regia andit soondissohes;thereforets continued
existenceasa gold objectis dependenbnits ervironmentnot beingaqua regia.

Scienceproceed®dy trying to find objectsandpropertieghatare‘robust’ — i.e. thatarecon-
stantacroservironments— andit is oftensuccessfulBut we candraw two differentconclusions
fromthis successThefirstis thatthosepropertiesareessentiahndintrinsic to theobject,andheld
independentlyf the environment. Or we canconcludethatthosepropertiesareheldin, anddue
to, thatrangeof ervironments.Althoughthetwo positionsaccountor ary givensetof empirical
evidenceequallywell, theformerpositionis far strongelin thatit implies(or, rather assumeshat
the samepropertieswill be heldin other future, environments.Sciences built on extrapolating
from obsenedcasedo unobseredsituations We assumehatthe physicalconstantsneasuredn
theacceleratoarethe sameoutsideour light cone thatthebiochemistryof the Petridishproceeds
in thesameway in theliving cell, or thatthe psychologicabehaiour exhibitedin the laboratory
would happenin everydaylife. Sometimeghis is true but, asFeynmanpointsout, in eachcase
thisis anassumptiorandshouldbe acknavledgedassuch:

Of coursethis meansthat sciences uncertain;the momentthatyou makea propo-
sition abouta region of experiencethatyou have not directly seenthenyou mustbe
uncertain.But we mustmakestatementsboutthe regionsthatwe have notseen,or
thewholebusinesds nouse. .. We have to makeguessedn orderto give ary utility

9B.C. Smith (1996 ch5)alsoamguesthatmodernfield-theoretiphysicsdoesnot supplyuswith ready-madebijects
in theway thereductionisfondly imaginest does.
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atall to scienceln orderto avoid simply describingexperimentghathave beendone,
we have to proposdaws beyond their obsered range. Thereis nothingwrong with
that,despitethefact thatit makesscienceuncertain.If you thoughtthatsciencewas
certain— well, thatis justanerroronyour part. (1965,p76)

Or, asHumeputit 200yearsbefore,

Evenafterthe obsenation of the frequentconjunctionof objects,we have no reason
to draw ary inferenceconcerningary objectbeyondthoseof which we have hadex-
perience (A Treatise of Human Nature 11.3.12)

Theseare simpletruths, but they are onesthatthe reductionistseemaunwilling to acknavl-
edge.

2.4 Conclusion

The debatebetweerreductionismandanti-reductionisnis a debateover whatkinds of questions
oneshouldaskin orderto understandiow physicalsystemswvork, andthe kinds of answerone
shouldexpect. Now thereductionistertainlyasksvalid questionsandtheir answersrecertainly
true and useful. But we shouldnot infer from this succesghattheir answersare complete. In
particularthey ignoretheway in which objectsaredependentn their surroundingsandnot just
theirinsides.This simpleintuition will turn outto have importantconsequencegspeciallywhen
the objectsunderconsiderationncludeintelligentagents.



Chapter 3

Naturalisation

FromMan or AngelthegreatArchitect

Did wiseto concealandnotdivulge

His secretgo be scannd by themwho ought
Ratheradmire. ..

Solicit not thy thoughtswith mattershid,
Leave themto God,Him sene andfear.

— Milton, Paradise Lost

‘What is internal is hiddenfrom us: — The futureis hiddenfrom us. But doesthe
astronomethink like thiswhenhecalculatesaaneclipseof thesun?
— Wittgenstein Philosophical Investigations

In 1609Johanne&eplerpublishedabook,Astronomia Nova (The New Astronomy),in which
he proposedwo laws thatdescribedhemotion of the planetsn termsof ellipsesfocussedn the
sun.Thisis rightly seenasoneof thegreatdefiningachiezementof scienceindeedasoneof the
greatachiezementsof humanity. Why? Whatis it aboutKeplers discovery that epitomisesour
‘ideaof thegood’in science?

Keplers geniuslay in combiningan old but controversialideawith a new, even more con-
troversial,ideaof his own. The old ideawasthatthe planetswentroundthe sun. This hadfirst
beenproposedy Aristarchusof Alexandria,but unfortunatelyhe alsoassumedhatthe motion
of the planetsmustbe circular— andHipparchudater shovedthatthis combinationdid not fit
astronomicabbsenations. HipparchusdroppedAristarchus’heliocentricitybut retainedthe as-
sumptionof circularity (sincethis wasobviously the most‘natural’ type of path),andfrom this
Ptolemydevelopeda terracentricastronomybasedon epigycles. If enoughcircleswerestacked
uponeachotherthenthe terracentriastronomycould be salvaged.lt wasmessy— 77 epigy/cles
were eventuallyneeded— but it worked. In 1543 Copernicusshavedthatthe epigyclic system
could be greatly simplified if Aristarchus’proposalof heliocentricitywasresurrected.The 77
epigycles could be reducedto 31, and even greateraccurag could be achiezed by shifting the
sunslightly off-center In mathematicatermsKeplers greatachiazementwasto show that the
heliocentricsystemcould be simplified still further by replacingthe epigycleswith ellipses,with
the sunat onefocusratherthanat the geometriccenter All the known astronomicablatacould
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thenbeaccountedor usingjustthreé simplelaws.

But thiswasnot, in itself, enoughto secureKeplers placein posterity The historyof science
is usuallywritten as ‘Whig’ history— i.e. from the point of view of the winnersof scientific
disputes— andit is sometimegorgottenhow Keplerstheorywasderidedatthetime. Its empirical
accurag wasdisputedoy nolessa personagéhanFrancisBacon fatherof empiricalscienceThe
brilliant Cardarnrefutedits mathematicabasis.KeplerandCopernicusverelambastedy Martin
Luther, Calvin, Montaigne andMilton, andsatirisecby BenJonsorandShakespeard&heRoman
Inquisitionpersecutedalilleofor evensuggestinghattheirideasmay have somemerit.

It wasNewton,workingin EnglandoeyondRomes graspwho savedKepler In 1687Newton
publisheahePrincipia, which shovedhow theelliptical motionof theplanetscouldbe explained
by theforce of the sun’s gravity. Keplerhadalwaysintuitedthattheremustbe someheliocentric
forcethatkeptthe planetsin their elliptical orbits (Stephensor,997),andNewton demonstrated
that this force wasthe sameasthat which could be directly obsered actingon appleshereon
earth. But the story did not endthere. Accordingto Keplers theorythe axes of the planetary
orbitsarefixed.Butin the 18thCenturyit becameelearthatthe perihelionof Mercurywasslowly
advancing.Leverrier shavedthatpartof this shift could be explainedby the gravitational effects
of otherplanets,but a significantpart remaineda mystery At the startof this centuryEinstein
rewrote the Newtonian Book, andin doing so explainedthe discrepanciesn Mercury’s orbit.
But noticethis. PtolemyandCopernicuscontributionsto physicswereeffectively deletedwhen
Kepleraddedhis new chapterto the Book of Physics. The theory of epig/clesis now only of
historicalinterest.But whenEinsteinaddeda chapteyKeplerdid not join Ptolemyin thedustbin
of scientifichistory. His theoryremainsa vital brick in our understandingf the physicalworld.
It is still, in a sense,True — despiteEinstein. What qualitiesdoesKepler’s theory have that
have madeit sorobust? Why doesit seeminsulatedagainstpossiblerefutation?Why is Kepler
seeminglyimmortal? In this chapterl try to outlinethe senseof scientifictruth that Keplers —
andothersimilarly immortaltheories— embody

3.1 Descriptionsand Biases

Scienceproceeddby collectingempiricaldataandthentrying to find patternsn it. Thepatternis a
way of describingpf makingsensef, thedata;andthesedescriptiongrethebasisof ourtheories.
Of courseheexperimentakcientistusuallyhasanintuition of whatpatternghey aretrying tofind,
andfor themthekey problemis creatingan experimentin which the patternsshav up in thedata.
Nonethelesshey still have to makethat crucial stepfrom datato pattern. The problemis that
every setof datacontainsa myriad differentpatterns. The samedatacanbe describedn mary
differentways. Tycho Brahes astronomicatatacouldbe describedn termsof Keplers ellipses
or Copernicusepigycles,sohow shouldwe choosebetweerthevariouspossibletheories?1 use
the termsdescription andtheory interchangeablysinceevery particulardescriptionfalls undera
generaltheory andour theoryinforms our choiceof description.) Rorty describeghis process
of choosinga way of describingempiricaldataas‘adoptingan attitude’, Dennettdescribest as
‘adoptinga stance’ andin thefield of machindearningit is known asa‘bias’. | will usethelatter
termbecausé wantto avoid the someof theassociationthatDennetiandRorty have dravn from

1Thethird wasaddedtenyearsafter Astronomia Nova in Marmonices Mundi (Harmory of the World).
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theirs,thoughtheintentis roughlythesame.

Whatkinds of descriptie biasesarethere?In the everydaypracticeof bothscientistsandlay
personghe main descriptve biasis social: we describephenomenin certainwaysbecauséhat
is how we have beenbroughtup andtrainedto do so. But how do we know thatthis is the best
way? Surelywe needsomecriterion for evaluatingour currentpractice?On the otherhand,the
naive realistaguesthat our biasshouldbe for the truth, that we shoulddescribethingsasthey
really are; but how do we know whatthe truth is? The poet’s biasis to describephenomendn
theway thatbestcommunicatefersubjectie experienceo others but the purposeof the poetis
differentto that of a scientist.(Melville, for example,devotesan entire chapterof Moby Dick to
explainingwhy Ahab’swhalewasbestdescribediswhite, eventhoughanaturalistmayinsistthat
it was'‘really’ adirty grey.)

OckhamandMach, in their own ways, aguedthat the besttheoryis the simplest,all other
thingsbeingequal. Howeverthisis ana priori bias: of courseit is niceif thingsturn out simple,
but it hardly seemgustifiedto imposeour tasteson nature.Moreover, we canalwaysincreasehe
simplicity of a descriptionby reducingits accurag anddisregardingsomeof the dataasnoise.
Simplicity andaccuray therefororm two conflictingbiasesandwe needsomeway of arbitrating
betweerthemin orderto separataoisefrom the‘real’ data.Rutherford for example,discovered
the atomic nucleusby bombardinggold foil with a-particles. Most were deflectedslightly as
they passedhroughthe electroniccloud of a gold atomin thefoil, but a very few reboundedas
they hit thetiny nucleii directly — like ‘cannon-ballshouncingoff a sheetof tissuepaper’. The
simplest,andoverwhelminglyaccuratedescriptionof this datawould have beento disregardthe
reboundsasnoiseandjust accounfor the partialdeflectionsusinga modelof continuouschage
distribution. ThereforeRutherfordhadto usebiasesother thansimplicity to justify hisdescription
of the phenomenonThe simplesttheorymay be the best,all otherthingsbeingequal;but what
otherthings?

Themostpopularbiasin the philosophyof sciences thatthebesttheoryis theonethatyields
the mostaccuratepredictions. (It is also the bias that most philosophicaly-minded scientists
would claimthatthey adhereo.) Now it is certainlytrue thatoneof the purpose®f sciencds to
predictthefuture?. But thereis somethinglistinctly oddaboutthis stance why shouldfactsabout
the presentdependon the future? The thing we aretrying to describehasalreadyoccurredand
now persistsn our recordecbbsenations,andyetthe predictvist claimsthattheway it shouldbe
describedlepend®n futureevents.This only makessensdo the extentthatwe assumehatthere
is afundamentatonstang — alawful regularity — in the patternthatwe aredescribinghathas
existedup to now andwill persistinto the future. Not somuch‘que sera sera’ as‘whatever has
been will be'. If thisis the casethenthosefutureeventswill shedfurtherlight onthenatureof the
patternalreadyobsered,andthefailure of adescriptiorto predictthefutureis agoodsignthatit
hasfailed to capturesomethingaboutthe present.

(This problemof future-dependeryds notjust philosophicalbut alsomethodologicalEmpir
ical scientistssuchasmeteorologist®r geologistswho createmathematicaimodelsof complex
systemdacethe practicalproblemof how to choosebetweencompetingmodels. For suchsci-
entiststhe philosophicalprinciple that the bestdescriptionis the most predictive is not much

2Thesocialoriginsof thebiasof predictionwill bediscussedn 11.2.
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methodologicahelp: they mustchoosenow, on the basisof the available data,which modelto
accept.Productvenessnay be a goodway to judgedescriptiongetrospectiely, but is not much
helpin formingthem,asOreskesiotes(1994).)

The predictiist could respondo the problemof future-dependerycby amuing thatwhether
or not a descriptionwill prove to be the mostpredictive is a fact aboutthe currentstateof the
system,even thoughwe cannotusethis to describea systemwithout observingits future be-
haviour. Thereforethe future-dependencef the descriptionis only epistemologicatatherthan
metaphysical But the future behaiour of the system— andhencethe correctdescription— is
notnecessarilfixedby thedatathatwe aretrying to describe Thereasorfor this wasfirst pointed
out by Babbagg1864): for ary givensystemandobsened behaiour we canconstructanother
systemhatdisplaysthesamebehaiour upto agiventime,t, but subsequentigdiverges.Therefore
eventhoughthe behaiours of the two systemaup to timet areidentical,the correctdescriptions
of themarenot. The correctdescriptionof a systemis not determinedy the behaiour we have
obsereduptill now.

For example,supposeve obsene two pool-players.Thefirst is not very goodandgetseasily
beatenThesecondappearsto benotvery goodbut sheis in factahustler andassoonasshehas
persuadednopponento putsomemoneg downthensheraiseshergame.Until thereis money on
thetablethebehaiour of thetwo playersappearso beidentical,but the correctdescriptioris not:
oneis playingpool badly andthe otheris losingon purposeBut if we cannotseethe future,then
how canwe choosebetweerthetwo descriptions?f the correctdescriptionof the behaiour of a
systems notdeterminedy its obseredbehaiour thenwhatelsecouldit dependn?In therestof
this chaptell discussvhatthatelsecouldbe— i.e. whatbiaswe coulduseotherthanpredictivity
— anddraw out someimplicationsfor our understandingf scientificexplanations.However in
this chapten will not give areasorfor preferringthis alternatie biasto thatof predictvity. That
will haveto wait to theendof thethesis.

3.2 Naturalisation

Thealternatve biasto predictity is this: in orderto describeéhebehaiour of asystemwe cannot
justrely ontheobseneddata,we alsohavetolook inside thesystemandunderstandiow it works.
Considetthis toy example,introducedby Sober(1982):

Imaginea machinethat sortsout wire shapes.It is madeup of two components.The first
operatesasfollows: whengivena pieceof wire asinputit will outputthe wire if andonly if the
wire is aclosedfigurewith straightsides.The secondakesarny numberof straightpiecesof wire
andoutputsthemif andonly if they havethreeanglesthusit will allow throughanopenfour sided
figure,but nota closedone. Thereforeonly triangleswill passall thewaythrough.The question
is, how shouldwe describethe behaiour of the machine? Doesit detecttrilaterals or doesit
detecttriangles? Now at first glanceit seemdike the two descriptionsare exactly equivalent.
After all, all trianglesare alsotrilaterals. Thereforeif the machineis detectingtrianglesthen,
logically speakingit is therebyalsodetectingrilaterals.And thetwo descriptionwill beequally
predictive: if youshav meashapethenl will be ableto predictwhetherit will passthroughthe
machineusingeitherdescription Howeveroncewe understantiow themachinevorkswe cansee
thatit wasthenumberof anglesin the closedfigurethatmatterednot the numberof sides.What
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themachinedoes— asopposedo whatits behaiouris— is to detectrianglesnottrilaterals.So
oncewe understandhow a systemworks— i.e. themechanismunderlyingits behaiour — then
we canusethis informationto choosebetweertwo equallyaccurateandpredictive, descriptions.

Let us call this bias ‘naturalisation’. Whenwe understanchow somethingworks we make
its behaiour non-mysteriouswe makeit seemnatural, the behaiour becomesof its nature. It
becomeglearwhy thingsof thattypebehae in thatway. It wasthis proces®f naturalisatiorthat
saved Kepler If you areonly interestedn empiricalaccurag or predictionthen, givenenough
epigycles,the Copernicar(or even Ptolemaic)escriptionof the solarsystemcanbe madejustas
accurateandpredictive asonebasedn ellipses.(Indeedthe Mayanswereableto predicteclipses
andthepositionsof themoonandVenusvery accurateljustusingarithmeticandwithoutinvoking
the notionsof ‘orbit’ or ‘planet’ atall.) But Newton shovedthatonly elliptical motion could be
explained by a heliocentricgravitationalforce.

Darwin’s theoryof naturalselectionis anothermparadigmcaseof the importanceof natural-
isation. Darwin was not the first to proposethat speciesevolved. But until thenevolution was
regardedin Englandlargely asthe ideologyof non-conformistssocialists,and continental§and
at the time it washardto decidewhich wasworse). Nor was Darwin thefirst to amgue that or-
ganismsare adaptedo their ervironment; but until thenthe only possibleexplanationfor this
hadbeenGod. Darwin’s achiezementwasto demonstratéhe mechanisnunderlyingevolution —
descenwith modification— which proved thatit wasin the natureof speciego incrementally
evolve andadaptratherthanbefixed, perfect,types.Moreover Darwin's theory— like Keplers
— wasinitially treatedwith scepticismMendelsaved Darwin— justasNewton savedKepler—
by uncoreringthe mechanisnunderlyingdescentvith modification®

(OnceDarwinhaddemonstrateow speciedecomeadaptedo theirenvironmentthenanew
kind of explanation— andanew way of describingheworld — becamescientificallyrespectable.
This newly-respectablevay wasfunctional explanation, i.e. explainingthe behaiour of a system
by theway it fits into alargerwhole,ratherthanits underlyingmechanismThisis anexampleof
explanationfrom above, ratherthanbelon. But, aswe shallseein chapters’ and10, thevalidity
of functionalexplanationrestson a Darwinianexplanationof the mechanisnthroughwhich the
larger systemevolves.)

All thegreatrevolutionsin sciencehave involvedrealisingthatentitiesandbehaiourswhich
werepreviouslythoughtto befixedand‘God-given’ werein factinconstantspeciesplanetaryor-
bits, inertial mass gravitational mass space-timeatomicnucleii, continentsaristocraciesHow-
ever theserevolutionsdid not replacean assumptiorof constang with one of randomchange,
but with a more preciousability to explain thosechangeshroughan understandingf the forces
underlyingthe patternghatwerepreviously thoughtto be constant.Theserevolutionswenthand
in handwith — sometimegrecedingand sometimedollowing — new waysof describingthe
patternsobsenedin nature:naturalselectiorrewrote taxonomy planetaryepicg/clesgave way to
ellipses,enegy andmasswere equatedelementsvere orderedin the periodictableandfurther
subdiidedinto isotopesthe old mapsof land massesvererippedup in favour of onesbasedon
tectonicplates,and Divine Right andthe Three Estateggave way to the Rightsof Man andthe
SocialContract.

3Thiswill bediscussedurtherin chapter8.
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The history of scienceis not just a steadyaccumulationof empirical datafitted with more
andmoreaccuratecurves. It alsoinvolvestransformation®f our understandingf whatwe have
alreadyobsenred. Kuhn (1962)famouslydescribedhesetransformationgs ‘paradigmshifts’ in
whichinconsistenciebetweerdataandtheoryreacha critical pointandtheway becomeslearfor
anew theoryto be acceptedBut the examplesof transformationsnentionedabore canbe better
understoodas successie haturalisations madepossibleby the discovery of the mechanismsin-
derlyingpreviously obsernedphenomenaTlhejob of thescientistis notto simply collectdataand
thenfit a curve; but is ratherto usethatdataasa startingpoint for furtherinvestigationinto how
the obsenred systemworks: to turn the unobseredinto the obsered. Sciences inherentlypro-
gressve,notjustin thequantitatve,extensive, sensef beinga steadyaggreationof accumulated
data,but alsoin thequalitative,intensive, senseof involving transformationgn our understanding
of whatwe have alreadyobsened. Our descriptie biasesshouldreflectthis progressie nature.

3.3 Theoretical Terms, Dispositions, and Causal Explanation

What, exactly, doesnaturalisationinvolve? | do not believe thatit is possibleto give a formal
definitionsince,apartfrom arything else,scientifictheoriesarerarely completelyformal. (Math-
ematicalphysicsis theexceptionratherthantherule in thisrespect.)Cussinsfor example argues
thatthe only thing thatdefinesa successfuhaturalisation(or ‘unification’, in his terminology)is
thatit makesthe connectiorbetweerthe obsened behaiour andunderlyingmechanisniintelli-
gible’ (1992b).However we canpin down the notionof naturalisatiormorepreciselyin theway
thatit treatstheoretical terms. Thesearetermsusedin our descriptionsf thebehaiour of a sys-
temthatdo notdependlirectly on obsenation,but areintroducedn orderto makesenseof those
obsenations.An elliptical orbit, for example,is atheoreticaterm.\We never seeanellipsecaned
outin thesky. All thatwe obsene directly arethe positionsof the planetsat particulartimes,but
in orderto makesenseof thoseobsenationsKeplerintroducedhenotionof anelliptical orbit that
theplanetfollows'.

ReichenbaclHdistinguithedbetweerntwo waysof regardingtheoreticalterms. lllata areenti-
tiesthatour obsenationssuggesexist, whilst abstracta arelogical construct§rom obsenational
terms:

Our obsenationsof concretethingsconfera certainprobability on the existenceof
illata — nothingmore. ...Secondthereare inferencedo abstracta. Theseinfer-
encesare. .. equivalencesnot probabilityinferences Consequentlythe existenceof
abstractas reducibleto the existenceof concreta.Thereis, therefore no problemof
their objective existence their statusdepend®n a corvention. (Reichenbach] 938,
p211-12)

Now how you regardtheoreticatermsdepend®n whatyou wantout of your theory Quine
(1951),for example,requiresonly thattheoriesshouldbe predictive andconcludeghattheterms
introducedby thosetheoriesareonly ‘real’ to the extentthatthey helpthosepredictions:

As an empiricist,| continueto think of the conceptuakchemeof scienceasatool,
ultimately, for predictingfuture experiencein the light of pastexperience.Physical
objectsareconceptuallyimportedinto the situationas corvenientintermediaries—
not by definitionin termsof experiencebut simply asirreduciblepositscomparable,
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epistemologicallyto the godsof Homer Let meinterjectthatfor my partl do, qua
lay physicist,believe in physicalobjectsandnotin Homers gods;and| considerit
a scientific errorto believe otherwise. But in point of epistemologicafooting the
physicalobjectsand the godsdiffer only in degreeandnot in kind. Both sortsof
entitiesenterour conceptioronly ascultural posits. The myth of physicalobjectsis
epistemologicallysuperiorto mostin thatit hasproved more efficaciousthanother
mythsasa device for workinga manageablstructureinto theflux of experience.

Hempelregardstheoriesin the sameway as Quine,andintroducedthe analogyof a theory
beinglike a netlaid over the groundof our empiricalexperience(1965). The netis tied down at
variousknots,ascertaintermsof our theoryaretied to obsenable data;but the otherknotsare
not sofixed, connectedo the groundonly via a networkof theoreticalconnectionsin Hempels
picture thereis no way to choosebetweentwo possiblenets— and so two setsof theoretical
terms— aslong asthey can both be tied to the samefixed obsenable points. Van Fraassen
(1980)similarly insiststhatwe shouldremainagnosticaboutthe ‘real’ statusof theoreticaterms.
On the otherhandif you wantto naturalise a theory ratherthanjust useit to makepredictions,
thenyour attitudeto theoreticakermschangesccordingly Naturalisatiorrequiresthatwe make
the obsened behaiour non-mysteriousAnd if the theorythatdescribeghatbehaiour invokes
theoreticalterms, then naturalisatiorrequiresthat we maketheir ability to play a role in that
theorynon-mysterious Planetsfor example,follow elliptical orbits. Why? Keplerhimselfdid
not have an answer For Keplerelliptical orbits werejust the paththat planetsfollowed. They
wereabstractaBut Newton suppliedanexplanationof planetarymotionby proving thatelliptical
orbitsareminimain theenegy field of the planet-sursysten. It takesanexternalforceto shift a
planetfrom thisorbit, soanundisturbeglanetwill follow it in thesamewaythatamarblefollows
agroove. Thuswe have anunderstandingf whatthe theoreticatermrefersto independently of
the behaiour thatit is introducedo explain: elliptical orbitsaregroovesthat planetsfollow, not
just pathsthatthey traceout. Newton turnedKeplers abstractanto illata.

Naturalisatiorrequiresthatif we wantto explain the behaiour of a system,S, by reference
to its possessing propertylabelledwith thetheoreticakermP, thenit must,atleastin theory be
possibleto determinevhetheror not SpossesseB independentlyf the behaiour it wasinvoked
to explain. If we cannotindividuatethe theoreticaltermin this way thenit is no morethanan
empirically useful corvention, ratherthan part of an explanatoryunderstandingf the system.
Sometimesve canobsene Ps directly, suchaswhenCrick andWatsondiscoveredthe mechanism
underlyingMendel’s geneticfactors.In othercases— suchasNewton'’s naturalisatiorof Kepler
— we canonly obsene the forcesout of which the theoreticaltermis constructed .No-onehas
seenan elliptical orbit, but we have all seenthe effect of gravity from which thoseorbits canbe
calculated But evenin thesecaseghe stuff outof whichthetheoreticakermis constructeds not
the samestuff thatwe areusingthattheoreticatermto explain. Theelliptical orbit of a planetis
determinedby its initial stateandthe sun's gravity, not the subsequentotionthatwe areusing
thatorbit to explain.

The sameargumentappliesto Dennetts exampleof a centerof gravity (1991). Newton ob-
senedbodiesactingundergravity andpostulateda pointthroughwhichtheforceacts.If wewant

4Actually Newton did not conceve of orbitsin quitethis modernway, but Feynmanshows how the two views are
equialent(1964).
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to know why gravity actslike thisit is notenoughto explain thatthe centerof gravity is the point
throughwhichgravity actsonarigid body. It is empty atbest,to claimthatgravity actsthrougha
certainpoint because it is the centerof gravity, unlesswe supplementhis with an explanationof
how andwhy centersof gravity have the propertieghatthey do. The explanationgoeslike this.
Newton'’s theory only describeghe effect of gravity on point massesbut planetsarelarge and
complicatedmadeup of mary partsthatexert gravitationalinfluenceon eachother However if
we assumehatthebodyis rigid thenNewton'slaw of actionandreactiormeanghatthesenternal
forcescancelout, andthatthe netforce on the whole will actthroughthe weightedmeanof the
positionsof the constituenpoint massesThis alsoexplainswhy, whenthe bodyis not perfectly
rigid, gravity doesnot actsolely throughthe centerof gravity (whichis why we have two tides
a day ratherthanjust one). We cannotobsene centersof gravity directly, but we canobsene
the force of gravity actingon the parts of a large body, suchaswhenwe usea swing pendulum
to measurdghe massof a nearbymountain. Fromthis evidence,andNewton’s third law, we can
explain how gravity will actonthewhole.

Without a naturalisedheoreticatermwe don't have anexplanation justa description.It was
on this point that the wrong, but empirically successfultheoriesthatlitter the history of science
tendedo comeunstuck.Thecalorictheorycouldaccounfor theflow of heatbutit wasmolecular
motionthatcould be obsened buffeting RobertBrown’s pollen grains. Epicyclesandcrystalline
spheregouldaccountor the planetaryorbits, but only ellipsescouldbe explainedby aforcethat
could alsobe obsered acting on apples. Paley’s God-designecould accountfor the origin of
speciesbut only Darwin’sdescentvith modificationcouldbeseenin thework of pigeonfanciers.
Maxwell's equationcould be understoodn termsof aethereaVibrations,but only photonscould
producethe photoelectriceffect. Chi is a very usefultheoreticalterm in the handsof a Chinese
doctor but cannotbe unifiedwith the view throughthe microscope.

The problemof theoreticaltermsis closelyrelatedto the problemof dispositions Carnap
(1953) pointedout thatif the dispositionalpropertyof ‘being soluble’is definedas ‘dissolving
whenin water’ thenthe claim that*X dissoledbecausét wassoluble’is tautologou8 But we
canavoid this tautologyif we regarda dispositionasakind of theoreticakermthatwe invokein
orderto explainthe obseredbehaiour. And if dispositionsareatypeof theoreticatermthenthe
obviousnext stepis to turntheminto illata; in otherswordsidentify a propertyof thesubstancén
virtue of which it displaysthatbehaiour. As Sober(1981,p149),following Quine(1969),putsit:

We characteris®uine’s positionthat no irreducibly modal propertiesare permitted
in scienceby sayingthata propertytermwhich is definedcounterfactuallymustbe
renderedepistemologicallyaccessible Although the predicatemay be modally de-
finedin termsof whatwould happerin some(nonactualpossibleworld, it shouldbe
possibleto find out if theobjectsin theactualworld possesshatproperty

For example,asubstancavill dissohein waterif the VanderWaalsbondsbetweerits molecules
areweakerthanthe bondsthatwould be formedbetweerthosemoleculesandH,O. This prop-

5This amgumentoriginatesin Moliere’s pasticheof 18th Centurydoctorswho explainedthatopiuminduceddrowsi-
nessbecauset possessg‘dormative properties’. The samekind of doctorscanbe foundtoday Think of thosewho,
for example,explainthata child is hyperactve becauséie hasAttention Deficit Hyperactvity Disorder whenADHD
itself is definedin termsof the exhibited symptoms ADHD doesnot explain hyperactvity, it justlabelsit.
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erty is ‘epistemicallyaccessible— we canfind out whethera substanc@ossessethis property
without puttingit in water Thereforehisis the propertythatthedispositionof solubility refersto.
This agumentfor the naturalisatiorof theoreticaltermsand dispositionsstemfrom the in-
tuition thatthey shouldbe regardedascausalpropertiesandentities. Elliptical orbits, centersof
gravity, solubility, anddescenthroughmodification play a causatole in thephenomenéhatthey
wereintroducedto explain. If we do not requireour theoreticatermsto play a causalrole, then
thereis no harmin leaving themasabstractaThe problemof causatioris too deepto betackled
heré, thoughit is possibleto saythis: if wewantto claimthatanentity or propertyis acauseof an
effectthen,attheveryleast,it musthave anidentity independentf thatwhichit hasbeeninvoked
to explain. To saythat ‘the causeof A caused?’ is empty asDavidson(1980)putsit. If Ais an
obseredbehaiour, andthe causesve arelooking for includetheoreticatermsanddispositions,
thennaturalisatiorprovidesoneway of individuatingthe causeof A independentlpf A.

The possibility of naturalisatioris what differentiategphysicalobjectsfrom Homers gods.
They differin kind andnotjustdegree,asQuinewould have it. Godsaretheoreticatermsthatwe
introduceto explaintheworld; likewisespiritsandsoulsandchi. Butwhatevidencedowe havefor
them,otherthanthatwhichweinvokethemto explain? Whataregods,or souls madeof? Why are
they ableto have the causaleffectsthatwe attributeto them?How do they work? We cannotask
thesequestionof gods,but they canbe askedandansweredof physicalobjects.In otherwords
physicalobjectscanbe naturalised. But not all of the theoreticalentitiesintroducedby science
live up to theserequirementsExplanationmustbottomout somevhereandsowhenit comesto
the bottomlevel of explanation,to the mostelementaryphysicalparticles,thennaturalisationis
notanoption. As elementanparticlephysicistJamesCushingremarks(1982,p78Y,

Whenonelooks at the successiomf blatantlyad hoc movesmadein quantumfield
theory(negative-enegy seaof electronsdiscardingof infinite self-enegiesandvac-
uum polarisationslocal gaugeinvariance forcing renormalisatiorin gaugetheories,
spontaneousymmetrybreaking permanentlyconfinedquarks,colour, just asexam-
ples)and of the picturewhich emegesof the ‘vacuum’ (aether?)as seethingwith
particle-antiparticlgpairs of every descriptionand asresponsibldor breakingsym-
metriesinitially presentonecanaskwhetheror not natureis seriousy supposedo
belike that.

Onecanaskthe questionbut it cannotbe answeredinlesswe wereto discover independent
evidenceof anothedayer of mechanisnbelow that of quantumfield theory Until thattime then
Quine'sremarkis correct:the differencebetweerHomers godsandthe virtual particlesof mod-
ern physicsis one of degree,not kind. But this is only true of the theoreticalconstructionsof
fundamentaparticlephysics not physicalobjectsin general We shouldapply differentepistemic
standardso the higherscienceshatthoseof thebottomlevel.

6Both Glennan(1996)andBhaskar(1978) proposeanalysef causationandits relationshipto mechanismthat
areconsistentvith the specificcasegiscussedhere.
“Quotedby Cartwright(1983,p7).



Chapter 3. Naturalisation 27

3.4 Lawsand Exceptions

Mercury doesnot obey Keplers Laws to the letter, andNewton could not explain why. But Ein-
steincould. If Newton ensuredKeplers placein the book of Physicsthenwhy didn’t Einstein
write Keplerout again?Einsteins explanationof anomaloudvercury certainlyundermined Ke-
pler, but it doesnot seento have beenfatal in theway thatKeplers underminingof Ptolemyhad
been.Why not? Thereasornis this.

Naturalisatiorexplainsthe behaiour of a systemin termsof theunderlyingmechanismThe
logic of the explanationis thus:if the systenworkslike this, thenit will behae like that. There-
fore if the mechanisnthangeshenthe behaiour of the systemwill change.But the conditional
underlying the explanation will still be valid — it is just the antecedennho longerapplies. For
example,Newton shavedthatthe planetsobey Keplerslawsif hislaws of gravity andmechanics
were accurate. The problemwith Mercury s thatasit whips roundcloseto the sunthenrela-
tivistic effects shrink its inertial frame of reference andthe perihelionof its orbit shifts round.
Nonetheles# is still the casethatif Newton’slaws apply, thensowill Keplers.

If the only supportwe have for alaw is its empiricalaccurayg (or its predictivity) thenary
counterexamplewill countasa ‘hit’ againstthe law. On the other handif thatlaw hasbeen
naturalisedn anunderlyingmechanisnthencounterexamplescanbe accountedor in termsof
changesn the mechanism.Of coursecounterexamplesmakelaws lessuseful, but thereis a
differencebetweerbeinglessusefulandbeingdisproved. Kepleris notasempiricallyaccurateas
Einsteinbut, givenNewton’s naturalisationthenit is not disproved. Thisis why Keplerhasbeen
weakenednot deleted.

Consideranotherxample.The periodictableis the mostfundamentategularity in chemistry
Mendele and Newlandsdiscoveredthat the propertiesof the elementsshoved a periodicity of
seven, which enabledMendele to makesomeof the most startling scientific predictionsever
made.He correctlyprophesiedhe discosery andpropertiesof two newv elements— galliumand
germanium— to fill theobviousgapsin thetable,and predictedthattheaccepte@tomicweights
of tellurium and gold would be found to be wrong becauseheir currentvaluesdisruptedthe
otherwisemonotonicordef. At this pointin historythe periodicityof the elements— Newlands’
‘celestialoctaves’ — seemedike one of the mostpowerful universallaws ever discovered. But
thencamediscoveriesthatwerecompletelyunforeseenandwhich disruptedthe pristineperiodic
order First camethe spravling lanthanides andactinides(which areomittedfrom mostmodern
copiesof thetablein orderto makethepatternlook neater)thencameheliumandhydrogerwhich
formed a initial period of lengthtwo. However the electronictheory later not only explained
Mendele’'s periodicity but alsoaccountedor the exceptions. Mendele’s statusis now similar
to Keplers: theirimmortality doesnot just reston the empiricalaccurag of the patternsthey
discovered,but alsoon theway thatthey weresubsequentlyaturalised.

The philosophicalproblemhereis that of the epistemologicastatusof laws. The traditional
view held by mostmathematicaphysicists(with the notableexceptionof Feynman)is thatlaws
arewritten,in mathematicalanguagein the‘Book of Nature’or ‘Mind of God’. Thefirst problem
with this view — a problemcommonto all Platonicanddualistschemes— is anontologicalone:

8Soproving Rutherfords remarkthatthe correcttheoryis unlikely to bethe onethatfits all thefacts,sincesomeof
those'facts’ areboundto be provedwrong.
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what connectghe ideal andthe actual;what miracle ensureghat the objectsin our world obey
thoseideal laws? The secondmore pressing,problemis the epistemologicabne: how do we
know whatthoselaws are? Of courseempiricalevidencecansuggest the existenceof laws but
Popper following Hume, aguedthat no amountof confirminginstancesare enoughto prove a
law, eventhoughcounterexamplescandisprose them. Accordingto Popperwe cannever have
knowledgeof thelaws of nature all we have arehypotheseghathave not beenfalsifiedyet. But
whatdoesit taketo falsify ahypothesisHave KeplersandMendele’shypothesebeerfalsified?
No: counterexamplesdo not necessarilydisprove laws. If we canexplain the behaiour of the
systemhroughnaturalisatiorthenwe maybeableto accounfor thosecounterexamplesasbeing
dueto changesn theworking of the underlyingmechanismExceptionsanproverules.

The traditional view of laws went handin handwith the biasof predictvity: if the correct
descriptionof a behaiour is the onethatis mostpredictive thenthe mostsignificant,or ‘real’,
regularitieswill bethosethatareinstance®f universallaws. However, mostlawsin the scientific
canon,suchasthe Boyle’s or Keplers, arenot 100% accurateor predictve. The usualstratgy
for dealingwith thesecasess a mild form of Platonism,in which theselaws are saidto only
applyin an‘ideal’ world. Thusalthougha law, L, may not be universallytrue, it could still be
universallytruethatL holdsunderideal’ conditions.So,for example thegaslawsarenever 100%
accurateand sometimedail completely suchaswhenthe gasin a cylinder startsto condense.
Naturalisationcaneasilyaccommodatéhesecounterexamples but the moretraditionalstratgy
is to argue that theselaws only apply to anideal gas,not real ones(see,for example, Kripke
(1982)). The problemthenis to makesenseof the connectiorbetweereventsin idealworldsand
eventsin ours. Fodor, for example,holdsthatit is only universallaws thatarereal, not theideal
worldsto whichthey apply:

ontologically I'm inclinedto believe thatit’ s bedrockthattheworld containsproper
tiesandtheir nomicrelations;i.e., thattruthsaboutnomicrelationsamongproperties
are deeperthan— and henceare not to be analysedn termsof — counterfactual
truthsaboutindividuals. In ary event, epistemologically speaking)’m quite certain
thatit’ spossibleto know thatthereis anomicrelationamongpropertiesout nothave
muchideawhich counterfactualaretruein virtue of thefactthattherelationholds. It
is therefore methodol ogically speakingprobablya badideato requireof philosoph-
ical analyseghat are articulatedin termsof nomic relationsamongpropertiesthat
they be,asonesaysin thetrade,‘cashed’by analyseshatarearticulatedn termsof
counterfactualamongindividuals.. ..

ApparentlyKripke assumeghatwe cant have reasorto accepthata generalisa-
tion definedfor idealisedconditionsis lawful unlesswe canspecifythe counterfactu-
alswhichwouldbetrueif theidealisedconditionswereto obtain. It is, however, hard
to seewhy oneshouldtakethis methodologyseriously For example:Godonly knows
whatwould happenf moleculesandcontainersactuallymetthe conditionsspecified
by theidealgaslaws (moleculesareperfectlyelastic;containersareinfinitely imper
meable;etc.);for all | know, if ary of thesethingsweretrue, theworld would come
to anend. After all, the satisfactionof theseconditionsis, presumablyphysically
impossible andwho knowswhatwould happerin physicallyimpossiblewvorlds?

But it’ snotrequired,in orderthattheideal gaslaws shouldbein scientificgood
repute,thatwe shouldknow arything like all of whatwould happenif therereally
wereideal gases.All that's requiredis thatwe know (e.g.) thatif therewereideal
gasesthen,ceteris paribus, their volumewouldvary inverselywith thepressureipon
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them.And that counterfactuathe theory itself tellsusis true. (Fodor, 1990,p93)

Fodor’s criticism of Kripke, thatwe simply do notknow whatwould happerin idealworlds,is
correct.Many suchidealworldsareindeedphysicallyimpossible:if moleculesollidedelastically
thensolids,includingimpermeablgascontainersgouldnotform. It is like imaginingaworld that
containsan unstoppablebjectand an unmoveableobstacle. Thuswe cannoteven makeproper
senseof Kripke's modalcounterfactualdet aloneusethemasthe epistemologicafoundationof
lawhood. However Fodor’s alternative to Kripke is circular Fodoraskswhatwe needto know in
orderfor the gaslaws to be“in scientificgoodrepute”. His criterionis thatthe gaslaws should
hold for ideal gase<eteris paribus, andhis only justificationfor believing this is thatthe theory
is true; but ajustificationfor believing thisis whatwe werelooking for in thefirst place.Fodoris
‘quite certainthatit’ spossibleto know thatthereis anomicrelationamongpropertiedut nothave
muchideawhich counterfactualaretruein virtue of thefactthattherelationholds’, but givesno
reasorfor his certainty

But we canavoid the metaphysicabaggageof modalcounterfactualandidealworldsif we
understanadhe gaslaws as naturalisedempirical regularities, ratherthan universallaws. This
only requiresthat the extent to which moleculesand containersapproximatethe ideal explains
the extent to which the gaslaws apply After all, sayingthatx tendsto y in the limit doesnot
requirethatwe postulatean ‘ideal’ pointatwhich x andy actuallymeet.Naturalisatioraccounts
for the obseredregularity, andalsothe exceptions,in a concrete empiricalandmetaphysically
non-problematievay.

I am not inclined to believe that ‘it’ s bedrock’ that the world containspropertiesand their
nomicrelations;indeedit is hardto makesenseof the claim thatthe world contains a law except
in aPlatonicsense Theworld comprisesnatterwhosebehaiour exhibits certainregularities,and
for this to be true we do not needto presuppose@rior laws that that matter‘follows’ according
to its essentiahaturein somemiracleof cosmicobedience Why doesthe world of fundamental
physicsbehae asit does? The misleadingansweris thatit is dueto Platonicideal laws. The
honestansweris thatwe do not know — but the biasof naturalisatiorwarnsagainsturningthis
necessitynto avirtue. This limitation is a peculiarityof the bottomlevel of physicalexplanation,
andnot somethinghatphysicsenvy shouldtemptusto acceptin the highersciences.

3.5 Prediction and I nduction

The predictive power of Keplerstheorywasnotenoughonits own, to save his placein thebook
of physics. Nonethelespredictionis an essentiapart of our ‘idea of the good’ in scienceand
seemgo bein someway linkedto our ability to explain aphenomenonThebesttheoriesareboth
naturalisableand predictve. Sowhatis therelationshipbetweerthetwo?

The first thing to notice is that naturalisationis not equivalent to prediction. The laws of
Copernicusor the Mayansare (potentially) as predictive as Keplers, but only the latter canbe
naturalised.On the otherhandnaturalisatiordoesnot alwaysyield accuratepredictions for two
possiblereasons.The first possibilityis thatalthoughthe workingsof the systemcanbe under
stood,they aretoo comple andsensitve for usto derive predictionsin practice.Meteorologists,
for example,cannotproduceaccuratdong-termweatherforecastseven thoughthereis nothing
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mysteriousaboutthe mechanismshat drive changesn the atmosphereThe secondpossibility
is that the mechanisrmunderlyingthe behaiour of the systemwill itself change.For example,
we cannotpredicthappendo a gaswhenit condensefust from knowledgeof the mechanisms
underlyingthe gaslaws.

Naturalisationis not equivalentto prediction. But the bias of naturalisatiordoes affect how
we usepastexperienceto makepredictions. Our experiencecanbe interpretedn mary differ-
ent ways, and differentinterpretationsnay generatalifferent predictions. This ambiguity lies
behindboth Hempels and Goodmans problemsof induction. Hempels problemconcernshe
asymmetricahatureof justificationandconfirmation(1965). Supposeahat we were seekingev-
idencefor the inductive claim that“all ravensareblack” [Vx(Rx — Bx)], of which a blackraven
[Ra& Bq] is aninstance Thisclaimislogically equivalentto “all non-blackhingsarenon-rarens”
[Vx(—-Bx — —Rx)], which seemgo imply, counterintuitively, that our original claim would be
supporteddy finding a non-blacknon-raven[-Ba& —Ra], suchasa blue parrot. But the bias of
naturalisationmpliesthat our theoriesaboutthe colourof birds shouldnot just be basedon ob-
sened correlations put alsoby understandinghe mechanisnthatlinks colourandmembership
of a species.We canonly explain the obsened connectionbetweenravenhoodand blackness,
for example,by understandinghe developmentaprocessesonnectinghe wild-type genomeof
Corvus corax to featherpigmentproduction. This providesgood groundsfor believing that all
organismghatcarrythosegenesvould beblack®. Conversely explainingtheconnectiorbetween
non-blackthingsandnon-ravensrequiresdemonstratinga mechanisnbetweerbeingary colour
except black,andnot beinga living organismcarryingthatgenome.But the only way to do this
wouldbeasalogicalconsequencef having demonstratethepreviousconnectiorbetweemavens
andblacknessandblue parrotswould beirrelevantfor thistask.

We can usethe samestratgy with Goodmars problem of the projectibility of predicates
(1955). If we definethe propertygrue asbeinggreenbeforethe year2000andblue thereafter
thenwe have preciselyasmuchevidencefor emeralddeinggrueasgreen:every instanceof an
emeraldbeing greenin this millenniumwill also be an instanceof one beinggrue®. But this
impliesthatwe shouldpredictthatall emeraldswill turn blue at midnighton the 31stDecember
1999. Thereasonwhy we describeemeraldsas having a certainconstantcolour is becauseve
have someintuitionsaboutthe mechanismsinderlyingour obsenations;in this caseit is thatthe
colourof emeraldss dueto theway thattheir crystalstructuretransmitdight. Thereforeaslong
asthemechanisndoesnot changeover the millenniumthenneitherwill thecolourof thecrystal.
Comparethis confidencewith our attitudeto the millennium computerbug. We may be usedto
our personaktomputersvorking happily, but becausave have someknowledgeabouthow they
storeandprocesdates,andhow this mechanisnwill be affectedby the incrementrom ‘99’ to
‘00", thenwe intuit that, unlike emeraldstheir behaiour maywell changevhenthe millennium
comes.

Naturalisatiorprovidesaguideasto which predictionswve shoulddrav from ourobsenations,
but it alsogivesus cluesaboutwhich predictionswe shouldnot. If we know thatan obsenred
regularity is coincidental,andnot dueto a similarity in the underlyingmechanismthenwe are
lesslikely to lay betson it persisting. Chairs, for example,comein mary differentmaterials,

9This examplewill besignificantwhendiscussinghe heritability of biologicaltraitsin chapter8.
10T his simplified versionof the original problemis dueto Gardenforg1990).
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shapesandsizes.They needhave nothingin commonotherthantheir ability to provide aseat.It
may be the casethat every chairwe have saton weighedabout10lb, but this may have beenfor
a differentreasonin eachcase:onechair may beenmadeof wood, anotherof metal,andso on.
Thereforewe know thatthereis nothingin the natureof chairsto makethemalwaysweigh 101b.
It is likely thatotherchairswe comeacrosswill besimilarto theoneswe have seerbefore but we
would not be particularlysurprisedo comeacrossaninflatablearmchairthatweighedonly afew
ouncesor athronethatweigheda ton — it would not causeusto rethinkwhatchairsare. On the
otherhandwe would be puzzledto comeacrossa chairthatwasnot suitablefor sittingon. Would
it really be a chair? But the reasorwhy we predictthatall chairscanbe satonis dueto how we
definewhata chairis, andnot from inductionsaboutchairsthatwe have encountered.

Naturalisationalso providesa way of accountingor predictionsthatdo not succeedjust as
it could provide a way of accountingor exceptionsto laws. The Victorians,for example,were
surprisedto discover swansin Australiathat were black, ratherthanwhite — just aswe would
be surprisedo discover an albino raven. But doesthis meanthat the Victorianswerefoolish to
predictthatall swanswerewhite? No, becausehe black swansbelongedo a nenv sub-species
which, like thealbinoraven,hadaslightly differentgeneticnake-ugo thosepreviously obsered.
Thereforethe developmentamechanisnon which they basedheir predictionshadchangedThe
predictionwasjustasvalid asbefore,it is just thescopeof its applicationthathadto berevised.

| agreewith Goodmanthat ‘the problemis not to guaranteghat inductionwill succeedn
the future— we have no suchguarantee— but to characterisevhatinductionis in away thatis
neithertoo permissve nor too vague!!. Naturalisatiordoesnot guaranteehata predictionwill
succeedbut it doesexplain how we mayproducepredictionson the basisof pastexperienceThe
importantpointis that confidentpredictionsare not just basedon the accumulatiorof empirical
evidencebut on knowledge or intuitions,aboutthe mechanisnunderlyingthatevidence.

3.6 Conclusion

Naturalisationembodiesa certain‘idea of the good’ in science. It is a way of sortingthrough
all the possibledescriptionsof our empiricalevidencein a way that (1) explainswhy the world
behaeslike that,and(2) alsoexplainswhy sometimest doesnot. It is anideaof the goodthat
KeplerandDarwin andMendele andMendellivedup to, but Ptolemydid not.

Now whenwe talk aboutthe ‘great’ theoriesof sciencewe usuallythink of therevolutionsin
fundamentaphysics,of Newton and Einsteinand QuantumMechanics.But becausehey were
concernedvith the bottomlevel of naturethennaturalisatioris not an option for thesetheories,
andsodifferentcriteriaof goodnesapply Unfortunatelyphysicservy hasmeantthatthe latter
idealis heldup asthe standardhattherestof scienceshouldaspireto. Thisis a mistake,andwe
shallseesomeof theimplicationsof this mistakein therestof thisthesis.

11EromPutnams foreword to the fourth edition of Fact, Fiction and Forecast.



