
Chapter 2

Anti-Reductionism

Thereis anold bit of advicewhich says:Watchyour friends;yourenemieswill take
careof themselves.In thescientificmétier, thissayinggoes:Suspecttheobvious;the
obscuretruthswill eludeyouanyway.
— Kline, Mathematicsin WesternCulture

The sting is only removed from a systemof thoughtwhentheparticularconditions
underwhich it makessensearedescribed.
— Bhaskar, A RealistTheoryof Science

Overthelastthreehundredyearsthescientificmaterialistunderstandingof theworld hasbeen

mouldedby twopictures,two intuitions,andI wantto convinceyouthatathird is at leastpossible.

Thefirst intuition is reductionism. Societiesaremadeof people,peoplearemadeof cells,cellsof

molecules,andmoleculesof atoms.Thesepartscometogetherto form wholes,andthebehaviour

of the wholesare determinedby the parts. The logical conclusionof reductionismis that all

science— and,in extremecases,all art,ethics,andpolitics— is just ‘physicsplusabbreviations’

asthelogicalpositivistsput it.

Reductionismhasbeenonethemostpowerful ideasof themodernage,but many arereluctant

to reachits seeminglybrutalconclusions.‘Indeed,it seemsto bea little-known law governingthe

behaviour of contemporaryphilosophersthatwhenever they professfaith in any form of material-

ism or physicalismthey mustmakeit absolutelyclearthat they are,of course,in no way endors-

ing anything asunsophisticated,reactionary, andgenerallyintolerableasreductionism’(Melnyk,

1995).

The alternative intuition is lessof a militantly cohesive picturethanreductionism,andmore

of anunderstandablereactionto it. Let uscall it pluralism, thoughthesameintuition goesunder

differentnamesin differentcontexts. The centralpoint is that objects— includingpeople,and

their art ethics,andpolitics — mustbeunderstoodon their own terms.As Fodor, in a review of

E.O.Wilson’sreductionistmanifestoConsilience:TheUnity of Knowledge, putsit

everything is physicalperhaps,but surely therearemany kinds of physicalthings.
Someare protons;someare constellations;someare treesor cats; and someare
butchers,bakersor candlesticks.For eachkind of thing, thereare the proprietary
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generalisationsby which it is subsumed,andin termsof which its behaviour is to
beexplained.For eachsuchgeneralisationthereis theproprietaryvocabulary thatis
requiredin orderfor ourdiscourseto expressit. Nothingcanhappenexceptwhatthe
laws of physicspermit,of course;but muchgoeson that the laws of physicsdo not
talk about.

It is importantto realisethatthereis nonecessarycontradictionbetweenpluralismandreduc-

tionism,andmostmodernphilosophiescombineelementsof both. For example,many scientists

andphilosophersareincreasinglyunhappywith reductionistclaimthatthehigherlevelsaredeter-

minedby thelower, andoneattractivealternativeiswhatwemaycall pragmaticanti-reductionism.

This arguesthatalthoughreductionismmaybecorrectin principle,it canrarelybeusedin prac-

tice: it is simply not feasibleto collectall thedata,andperformthecalculationsnecessary, for all

but themosttrivial systems.Accordingto pragmaticanti-reductionism,propertiesof wholesmay

bedeterminedby thoseof theparts,but thisdoesnot imply thatthey arenecessarilyderivablefrom

them. If you want to understandthe world thenthe only possiblestrategy is to investigateeach

phenomenononits own termsratherthanstartfrom thephysics.In my experiencemostpractising

scientistswouldagreewith someform of pragmaticanti-reductionism.

Basicpragmaticanti-reductionismcanbestrengthenedin variousways.For example,we can

borrow from chaostheoryandarguethataggregatepropertiesof thesystemmaybesensitive to

somepropertiesof a part, suchas the infamoussensitivity of weathersystemsto a butterfly’s

wing. If this is the casethen accuratepredictionsabout the higher level dependon knowing

the propertiesof the partswith unboundedaccuracy, andtherearevariousreasons,suchas the

UncertaintyPrinciple,why this is not possible.

A pragmaticanti-reductionistcanalsoarguethatjustknowing thepropertiesof thepartsis not

enoughto derivehigherlevel properties;wealsohave to know thecompositionof thehigherlevel

entitiesthatwe areinterestedin. Thusalthoughthesetof valid higherlevel descriptionsmaybe

determinedby thelower level properties,they cannotbediscoveredor derivedwithoutadditional

knowledge.Thuswe find that,with a few exceptionsin astrophysics,therearevirtually no cases

in thehistoryof sciencein whichahigherlevel scientificlaw or descriptionhasbeenderivedfrom

a lower one;rathersuchphenomenaarediscoveredby investigationat theappropriatelevel and

only subsequentlyrelatedto lower level properties.

For a non-realist— for whompropertiesonlyexist within, or with respectto, our knowledge

— thesepragmaticobjectionsto reductionismare also ontologicalones. Thus if objectsand

propertiesmustbediscoveredat their appropriatelevel (ratherthanthehigherbeingderivedfrom

thelower) thenthey will have thesameepistemologicalstatus;andthismeansthattherewill also

be an ontologicalsymmetrybetweenlevels of organisation.Indeedit seemsplausiblethat it is

this ability to avoid reductionismthatattractsmany materialiststo someform of pragmatismor

instrumentalismin thefirst place:instrumentalismallowsoneto beamaterialistwithout implying

reductionism.

(It is sometimessaidthatanabstractphilosopher, in contrastto a hard-headedscientist,is one

whowill complainthat‘it maywork in practice,but doesit work in principle?’Weknowthatanti-

reductionismis a vital strategy in scientificpractice,sowhy shouldwe carewhetherit works in

principle?Theproblemis thatthereis noChineseWall betweenpracticeandprinciple.A scientist

strivesto gettheir truth-in-practiceascloseto thetruth-in-principleaspossible;theirassumptions
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of principleguideempiricalwork. Thereforeif we wantto avoid a reductionistscientificpractice

thenweneedanti-reductionistprinciples.)

Anotherway of avoiding the implicationsof reductionismis to expressthe relationshipbe-

tweenlevelsof organisationin termsof supervenience(Kim, 1984).Theideais thatapropertyof

awhole,P, is supervenientonsomepropertiesof theparts,p, if f therecanbenochangein P with-

out achangein p; or if whentwo entitiesareindiscerniblewith respectto p they areindiscernible

with respectto P1. Thusthe conceptof superveniencecanbe usedto describethe relationship

betweenlevelsof organisationwithoutmentioningthereductionistbogey-word ‘determination’.

Thenotionof emergencehasalsobeenusedto do a similar job to thatof supervenience.The

ideais thathigherlevelsof organisation‘emerge’ out of the lower, ratherthanbeingdetermined

by it. But theproblemis thento defineemergencein a way thatdoesnot involve determination.

Oneway is a kind of mysticalholism in which wholesareblessedwith propertiesthat arenot

dependenton parts. But the morecommonway is a kind of pragmaticreductionismin which

propertiesof wholesareconsideredemergentif they arein someway novel or surprising(Nagel,

1961,p374-80)(Crutchfield,1994). Hydrogenandoxygengasarenot wet, for example. Indeed

thereis nothingaboutthemwhich evensuggestswetness.But if you put themtogetherandspark

a chemicalreactionthenyou getwater, which quiteclearlyis. Nonethelessit still seemsthecase

that thepropertiesof wateraredeterminedby thoseof its constituentmolecules,even if we have

problemsderiving them.

Anotherwayof combiningreductionismandpluralismis toholdthateachdoctrineis trueof its

own separatedomain.Theusualsplit is thatreductionismholdsfor biology downwards,whereas

pluralismappliesto humansandtheir cultures‘from theneckup’, asit were. Thuswe find that

many philosophersarerelatively uncriticalof reductionismin naturalsciencewhilst strenuously

denying that the samemethodologycanbe appliedto humanaffairs2. Nonethelessit is hardto

avoid the blunt fact that our humanexperienceis in someway linked to our ‘lower’ properties.

If you pushme, for example,then,asa physicalobject,I will fall. If I fall then,asa biological

object,I will be injured. If I aminjuredthen,asa psychologicalobject,I will be in pain. And if

I amin painthen,asa socialobject,I will sue.Thuswe have many waysof being,andall these

waysof being— theselevelsof organisation— arelinked.

Thereis evidently someconnectionbetweenlevels of organisation,but what? The obvious

answeris the reductionistone, that higherpropertiesaredependenton lower ones. But in the

restof this chapterI argue that, althoughreductionismmay be true in onesense,it only gives

us half the picture. Reductionismis true in the sensethat the propertiesof anobjectareindeed

dependenton thoseof its parts;but it is also true that the propertiesof partsaredependenton

wholes.Considerthisexample.In thenineteenthcenturyBritain twicewentto war with Manchu

Chinain orderto freeup hertradein opium. Sotheforeignpolicy of theBritish Empireresulted

in an increasein the concentrationof opiatesin the brainsof millions of Chinesepeasants.If a

Chineseneurologistwantedto know why therewassuchahighconcentrationof endorphinsin the

1Thesetwo versionsof superveniencearenotstrictly equivalent,but thedifferencesbetweenthemarenot important
for this discussion.

2Thesamecombinationof intuitionsrecursin MargaretThatcher’s infamousclaim that ‘there is no suchthing as
society, just individualsandtheir families’. After all shedid not claim thattherearejust atomsandtheir interactions,
asamoreconsistentreductionistwould. Individualsaretheonly thingsthatexist for Thatcherfor thebluntly pluralist
reasonthatthey aretheactorsin thepolitical discoursethatshewasconcernedwith.
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synapsesof thebraincellsshestudied,thenpartof theanswerwouldpoint to British Imperialism.

Moreover, oneof theeffectsof thismassaddictionwasto increaseChinesesupportfor theTaiping

rebellionwhich calledfor the prohibitionof opiumandtheexpulsionof the foreignpowersthat

supportedthetrade.Soin orderto understandthispieceof historywe musttracetheconnections

from thesociallevel,down to biology, andbackup to thesocialagain;andit is preciselythiskind

of analysisthatbothreductionismandpluralismrule out. Thepluralistwouldarguethatyou can

understandtheebbandflow of historicaltideswithout botheringwith biology. Thereductionist

would disagree,but would arguethat thebiologistshouldstick to biochemistry, becausepolitics

cannottell usanythingaboutbrains.

Or considerthisotherexample.Wearenow all familiar with theincreasingpowerandsophis-

tication of psychoactive drugsthat areableto relieve the symptomsof variousconditions,such

asthe effectsof SSRIson depression.The reductionistinterpretationof this successis that the

psychologicaldepressionis causedby aneurochemicalimbalancewhichthedrugscorrect.Many

pluralistsareunhappywith this interpretationandpreferto emphasisethepsychologicaland/orso-

cial causesof thecondition,but seemto believethatthisrequiresthey deny thatthedrugshaveany

beneficialeffectsatall. But thereis nocontradictionbetweenthetwo explanations.It is perfectly

possiblefor socialpressuresto have effectson theneurochemistryof our brains,with depression

beingtheresult. Drugscanbreakonelink in this chain— andtherelief canbewelcome— but

thisdoesnot imply thattheconditionwasultimatelybiological.

Wearenotdeterminedby ourbiology, asthemore‘greedy’ reductionistwouldargue.But nor

arewe independentof it, asthe more‘idealistic’ pluralistwould argue. What we do ashumans

dependson ourbiology; but it is equallytruethatwhatwe doashumansaffectsour biology. The

restof this chapteris an attemptto outline an alternative way of understandingthe relationship

betweenlevelsof organisationthatcanaccommodatethissimpleintuition.

2.1 Reductionism and Materialism

The basicpremiseof reductionismis that theworld is madeof objects,eachof which hasprop-

erties. Theseobjectscometogetherto form larger objects,and the propertiesof thesewholes

aredependenton the propertiesof their parts. We may thenarguewhetheror not descriptions

involving thoselargerobjectsareeliminable,or whetherthepropertiesof thewholesarestrictly

derivablefrom thoseof theparts,but thebasiclogic seemsto beanirrefutableandinevitablecon-

sequenceof materialism(Melnyk, 1995)—hencethesuspicionin somequartersthatanyonewho

espousesany form of anti-reductionistholismmustbesomekind of ‘flaky’ anti-materialist.Let

meput thesamepoint anotherway: how, precisely, canthewholebegreaterthanthesumof the

parts?If oneis to remaina consistentmaterialistthenit is a bit of theproblemto explain where

theextra comesfrom.3

Reductionismseemslike oneof themostobviousandbasictruthsin science.But it isprecisely

3“The whole is greaterthan the sum of the parts” is a useful way of summingup the basic intuition of anti-
reductionism,but it is strictly inaccurate.The ideathat thewhole is greaterthana linearsumof its partsis perfectly
compatiblewith eventhestrictestreductionism.Thegravitationalforcebetweentwo masses,for example,is equalto
theproductof theparts,andyet this exampleis a triumphof reductionistanalysisratherthanbeingany kind of threat
to it. A moreaccurateway of expressingtheproblemis to askhow thewholecanever bemorethana functionof the
parts.
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becauseit seemsso obviousandbasicthat I want to put it undersuspicion.The aim is to show

how it is a peculiarlyone-sidedwayof lookingat theworld, andto suggestanotherperspective in

anattemptto redressthebalance.Unfortunatelythereductionistintuition runssodeepthat it is

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

ciples— this is, afterall, thephilosopher’snaturalstrategy — but I have foundthatpresentingthe

argumentin thiswayrarelyconvinces.It seemsthattheintuition is just too deep.Thealternative

strategy that I pursuehereis muchmorepragmatic.I considerthreesimple,familiar, examples

of systemsmadeof many interactingparts,andshow how theanti-reductionistperspectivecando

usefulwork in makingsenseof aspectsof thesesystemsthatthereductionistperspectiveneglects.

I hopethattheverymundanefamiliarity of theseexampleswill convincewheremetaphysicalgen-

eralitieswouldnot: if theanti-reductionistperspectivecandosomeusefulworkonsuchwell-worn

examplesthenperhapsit shouldbegivenachanceonthemoreobscureonesdiscussedlaterin the

thesis?

The first exampleis the Boyle-CharlesGasLaw, which statesthat temperatureof a closed

containerof gasis inverselyproportionalto its temperature.In this casewe have anobject(the

container)that hasproperties(temperatureandpressure)that behave in a particularway (they

vary inversely). Maxwell andBoltzmann,in a triumphof reductionistanalysis,provedhow the

behaviour of the gascouldbe explainedby the motion of the individual moleculesthat makeit

up: eachof thesemoleculescollide elasticallywith eachotherand the containerwalls, andas

we heatthe gasthe velocity of the moleculesincreasesandthey exert an increasedforceon the

containerwalls. Thusthe temperatureandpressureof a gasaredeterminedby themotionof its

molecules,andthegaslawsgoverningthepropertiesof thewholecontaineraredeterminedby the

lawsgoverningthebehaviour of its parts.

Thesecondexampleis Conway’sGameof Life. Supposewehavea largegrid of squarecells,

eachof which can be ‘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 thesesimplerulesemerge a rich ‘eco-system’of higherorderpatternsthat

may glide acrossthegrid, blink betweentwo states,generategliders,andso on4. The Gameof

Life is oftenusedasanillustrationof how systemsof interactingpartsobeying simplerulescan

producenovel andinterestingbehaviour. But nonethelessit is still the casethat the appearance

andbehaviour of the objectsin the system(i.e. the higherorderpatterns)is determinedby the

arrangementandpropertiesof their parts. Glidersglide andblinkersblink becauseof the rules

governingthecells. TheGameof Life is anexampleof how thereductionistapproachcanmake

senseof theemergenceof complexity, nota challengeto it (Faith,1998).

Thethird exampleis acarengine.A carengineis madeof many differentparts— driveshafts,

pistons,cam-belts,and so on — eachof which are carefully engineeredto have very precise

properties.Noneof thesepartsproduceany power on their own, but whenthey areput together

in theright way thenwe have a completeenginethatdoes.Power is thusa propertyof thewhole

objectthatis dependenton thepropertiesof thevariousparts.

It shouldbe notedat this point thatnoneof thesethreeexamplesarebiological or social. I

donot, for example,considerhow thoughtprocessescanemergeout of theinteractingneuronsin

4For moreon theontologicalandepistemologicalstatusof thesepatternsseeDennett(1991).
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our brains,or how socialsystemscanariseout of the interactionsof freeagents.This omission

is deliberatefor I wantto breakdecisively with theintuition, mentionedabove, thatreductionism

may be true of the lower sciences,but not for us higher, sophisticated,biological beings. This

intuition only servesto enforcethegapbetweennaturalscienceandthephilosophyof mind that

it is my purposeto breakdown. I hopeto show, by consideringsuch‘mechanical’examples,that

reductionismis not enoughto understandexamplesfrom whatis usuallytakento be its strongest

ground,andhencethatits extensionto otherareasshouldbeviewedwith suspicion.

2.2 Anti-Reductive Materialism

So,how canananti-reductionistperspective helpusunderstandsuchsimplesystems?Consider

the derivation of the gas laws from the kinetic theory of molecularcollisions. Why do these

derivationswork sowell? Feynmanarguesthat

we shallfind thatwe canderive all kindsof things— marvellousthings— from the
kinetic theory, andit is mostinterestingthatwe canapparentlygetsomuchfrom so
little. . . .How do we getsomuchout? Theansweris thatwe have beenperpetually
makinga certainimportantassumption,which is that if a systemis in thermalequi-
librium atsometemperature,it will alsobein thermalequilibriumwith anythingelse
at thesametemperature.(1963,p40-1)

Sowhathappensif thegasis not in equilibrium?5 Theeasiestway to find out is to compress

it. As soonaswe pushon thewalls of the containerthe measuredpressurewill rise,andaswe

continueto pushwe do work in compressingthegas.This energy diffusesthroughthecontainer,

raising the meanmolecularmomentumper unit volume,and thosemoleculesnearerthe com-

pressedsurfacewill be affectedbeforethosefurther away. Thus the propertiesof the partsare

affectedby whathappensto thewhole. Theconstituentmoleculeshave themomentumthat they

do becauseof the pressureon the cylinder. The dependency only appearsto run the otherway

whenthesystemis staticor in thermalequilibrium. Or supposethatwe cool thecontaineruntil

the gasreachesits dew point wherethe moleculesstopreboundingandstartto stick togetheras

thegascondensesinto a liquid. Thusthemoleculesonly collide elasticallybecausethey arein a

gasatacertaintemperature.Changesto thewholecanaffect therulesgoverningthebehaviour of

theparts.

The moleculesof the gasarecausallyaffectedby what happensto the whole container, but

thereis anotherway in which thepropertiesof partsof asystemaredependenton thewhole.This

is conceptualdependence.Suppose,for example,wewantedto know thepowerof thecarengine,

andin orderto measurethis propertywe connecteda measuringdevice to the maindrive shaft.

Now thedrive shaftis clearlya part of theengine,andyet thepowerwe measureis describedas

a propertyof thewhole. We would not usuallysaythat thepower of the shaftwasX Watts,but

that thepower of theengine, at theshaft,wasX. Power is a propertyof thewholeengine,but is

locatedat oneof theparts.On theotherhand,whenwe measurethepower at, say, thecamshaft

we wouldnot normallydescribethis as‘the powerof theenginemeasuredat thecamshaft’.Why

thedifferencein thetwo cases?Whatmakesoneapropertyof thewholeandtheothera property

5Non-equilibriumsystemshave beenlargely neglectedin physics,with thenotableexceptionof the work of Pri-
gogine(1962).
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of apart?Thereasondependsontherelationshipbetweentheengineandtherestof thecar— i.e.

thelargerobjectof which theengineis itself a part.Now theoutputof theengineis connectedto

therestof thecarvia thedriveshaft,sothepropertiesof thecamshaftandpistonheadsandall the

otherpartsdonoteffect therestof thecardirectly, but only throughthatsingleoutput.Thepower

of thedrive shaftis dependenton thepropertiesof theotherparts,not viceversa. In otherwords

somethingis describedasbeinga property‘of thewhole’ becauseit is dependenton otherparts.

Thereforethedependenceof wholeson partsis built into theway we define‘propertyof whole’

and‘propertyof part’; it is a conceptualassumptionthatwe make,not anempiricalresultabout

thewaysystemsactuallywork.

Thedistinctionbetween‘higher’ and‘lower’ propertiesin suchcasesis purelyepistemic.It

is anartefactof how we view the system.The speedof the camshaft,or the temperatureinside

the cylinders, is no lessa propertyof the wholesystemthanthe power of thedrive shaft. Each

of thesepropertiesis at thesamelevel. Thedistinctionis ratherbetweenpropertieswhosedirect

effectsarefelt outsidethesystemandthosewhoseeffectsareinternal. We designatethe former

ashigherpropertiessimply becausewe cannotseeundertheskin of thesystem,whenin strictly

ontologicaltermsthereis nothingto choosebetweenthem.6

What aboutour third example,the Gameof Life? The problemwith the usualreductionist

picture is that it treatsthe Gameasa formal system. However all actualGamesof Life — as

opposedto thePlatonicIdealof the formal definitionof the game— exist on computers7. And

all computers— asopposedto thePlatonicIdealof formally-definedTuringMachines— exist in

a physicalandsocialcontext. They have powersupplies,humanusersandprogrammers,cooling

fans,manufacturers,andsoon. This context formsa largersystemof which thecomputer, along

with theGameof Life thatrunson it, is just a part. Moreover this context cancausallyeffect the

runningof thegame:thepowersupplymayfail andinterruptit; theusermaygetboredandswitch

it off; theprogrammermaystartto hackat thecode;or themanufacturermayforceanupgradeof

theoperatingsystemwhich renderstheold codeobsolete.Thereforethebehaviour of thegliders

andblinkersin theGamearenot determinedsolelyby therulesgoverningtheparts,but arealso

dependentonthephysicalcontext in which theGameruns.

Howeverit maystill bearguedthatin all casesin which theGameis runningthenthesuperve-

nienceof thehigherpatternsonthecellularrulesis maintained;i.e. aslongastheGameis running

‘normally’ thenthe propertiesof the glidersandblinkersaredeterminedby therulesgoverning

thecells,eventhoughtheGameasawholeis dependentonwhathappensin its environment.But

this is notquitetrue.Supposeweaskwhy thecellsobey therulesthatthey do?Thesimpleanswer

is thatthecomputerwasprogrammedin acertainwaysuchthatthecellsobey therulesdefinedby

Conway. But why wasthecomputerconfiguredin thatway ratherthanany other?Now therules

of theGamewerenotrevealedto Conwayfrom onhigh,but weretheresultof experimentation;he

triedmany differentversionsuntil hefoundasetof rulesthatgeneratedinterestingbehaviour. This

processof experimentationis still goingon. Most copiesof theGameavailableon theWeb,for

example,allow theuserto playwith therulesthemselves,andsotherearemany differentversions

6Thispointwill becomeimportantwhenweconsiderthedistinctionbetweentheoreticalandobservationaltermsin
general(section3.3),andthestatusof mentalrepresentationsin particular(5.2).

7It is alsopossibleto run thegameusingpenandpaperthoughthis is time-consumingandtendsto rob thegameof
its interest.Thesameargumentsapplyin eithercase,soI will justdiscussthecomputer-basedform.
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of ‘the’ Gamein existence.Thus,in all existing instantiationsof theGame,therulesgoverning

the interactionsof the cells have the form that they do becausethey generateinterestinghigher

patterns,asmuchasviceversa. If therulesdid not generateinterestingpatternsthenthey would

bechanged.

(Of coursewithin thespaceof all possiblecellularautomatathereexistsone,call it L, which

hasthe samerulesasConway’s Game;and the rulesof L areprior to, andnot dependenton,

the behaviour they generate.But unlesswe invoke the axiom of choicethenL is pickedout as

The Gamebecauseof the higherbehaviour. Therefore,even within the spaceof possibleCAs,

the propertyof ‘being the rulesof the Gameof Life’ is not prior to the propertyof ‘being the

emergentpatternsof theGameof Life’. Therulesmaybedefinedindependentlyof theiremergent

behaviour but thisdoesnot imply thatthey areontologicallyprior.)

Systemslike theGameof Life certainlyexhibit rich andfascinatingbehaviour. And in some

casessuchsystemscanbesuccessfullyusedto modelnaturalbiologicalphenomena— suchas

in the work of Thom,Waddington,Kauffman,andGoodwin,andin Turing’s diffusion-reaction

modelof morphogenesis.But we shouldbecarefulaboutderiving generalphilosophicalconclu-

sionsabouttherelationshipbetweenlevelsof organisationin naturefrom suchartificial systems.

Thesemodelsembodycertainassumptionsabouthow physicalsystemswork. In particular, they

assumethatthereis asetof prior lowerlevel entitieswhosebehaviour is determinedby fixedlaws.

Therefore,whenwe find that their higherlevel behaviour is only non-reduciblein a weak,prag-

matic,senseweshouldnot assumethatthis is a correctunderstandingof emergentphenomenain

nature.Dennettoncenotedthat,for philosophers,theattractionof experimentssuchastheGame

of Life is thatonegetsto makeup the facts. But we shouldbeawareof thecostof suchfactual

liberalism.

Wheredid thereductionistgowrong?Whereis theflaw in theirargumentabouttheinevitabil-

ity of reductionism?Theproblemwasthatthereductioniststartsby consideringthepropertiesof

objectsin isolation,andthenaskswhathappenswhenthoseobjectscometogetherto form wholes.

The reductionistmetaphysicalintuition is thatobjectsarein a strongsenseindependentof their

environment,in the sensethat they neednothingelsein orderto be. Accordingto this intuition

propertiesare intrinsic to objects,they areessential, they belongto the object-in-itself. But no

objecthaseverexisted‘in itself’. All objectsexist in theworld. Althoughwecanimagineobjects

on theirown — wecanleave thementalbackgroundblank,asit were— all objectsthathaveever

actuallyexistedhave doneso in environments.All thingsare,on every occasion,surroundedby

other things. All objectsarepartsof larger wholes. Moleculesarepartsof gasses,enginesare

partsof cars,andGamesof Life exist within computers.The sameis true of starsin galaxies,

individualsin societies,cells in bodies,neuronsin brains,andright down the tertiary structure

of proteinsin their enzymaticenvironment. In noneof thesecasesareobjectsborn in isolation

andsubsequentlycometogetherto form wholes,rathertheobjectcomesinto beingaspartof the

whole.

Moreover thepropertiesandrulesgoverningthebehaviour of objectsdependontheproperties

of thoselargerwholes,andthey dosoin twoways.First,propertiesof partsarecausallydependent

on thepropertiesof wholes:coolingthecontainercausesthemoleculesto stopcolliding, andthe

glidersandblinkersin theGameof Life stopgliding andblinking if theprogramis interrupted.
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Second,propertiesof partsareconceptuallydependentonwholes:thepowermeasuredat thedrive

shaft‘is’ thepowerof theenginebecauseof thewayin which it is connectedto therestof thecar,

andtherulesof aparticularCA ‘are’ therulesof theGameof Life becauseof thetypesof pattern

thatthey generate8. Wholesareoftendescribedasbeingemergentproductsof their parts.This is

true,but it overlooksthefact thatpartsarealsoemergentproductsof wholes.

2.3 Downwards Causation

Downwardscausation(i.e. the causaldependenceof partson wholes)hashad a disreputable

history in the philosophyof scienceever sinceit wasproposedasa solutionto the mind-body

problemby Sperry, PopperandEccles(1977). It hasalsobecomeunpopularin the context of

socialstudiesby its associationwith stronglystructuralistanalysesof history, in whichtheactions

of the individual aredeterminedby highersocialstructures.Szent́agothaiadmitsthatdefending

downwardscausationwill confirmhis imageasa ‘crazy Hungarianandan impossibleromantic

adventurer’(1984),whilst Bedaunotesthat

although[downwardcausation]is logically possible,it is uncomfortablylike magic.
How doesan irreduciblebut supervenientdownwardcausalpower arise,sinceby
definitionit cannotbedueto theaggregationof themicro-level potentialities?Such
causalpowerswouldbequiteunlikeanythingwithin ourscientificken.Thisnotonly
indicateshow they will discomfortreasonableformsof materialism.Their mysteri-
ousnesswill only heightenthetraditionalworry thatemergenceentailsillegitimately
gettingsomethingfrom nothing.. . .But themostdisappointingaspectof [downwards
causation]is its apparentscientificirrelevance.. .We shouldavoid proliferatingmys-
teriesbeyondnecessity. To judgefrom theavailableevidence,[downwardcausation]
is onemysterywhichwedon’t need.(Bedau,1997,p377)

But downwardcausationis neithermysteriousnorsuperfluous.For example,supposewemea-

surethemeanmomentumof aparticulargasmoleculeoveraperiodof time,andthencompressthe

containerby 20%.Fromjust this informationwe canaccuratelypredictthatthemeanmomentum

of themoleculewill riseby aproportionateamount.This is anexampleof predictionusingdown-

wardscausationthat is botheasyandreliable. The reductionistwould claim thatwe couldhave

produceda similar predictiongivenenoughinformationaboutthe exact trajectoriesof the other

molecules.But this ignoresthe fact thatmoleculesarenot perfectlyelasticbilliard balls. If they

werethengaseswouldnever condense.Thedeterminedreductionistwouldalsoneedinformation

aboutthe exact structureof the electronicorbits of the moleculesin orderto predictthe results

of their interactions.In contrasttheanalysisthatusesdownwardscausationis easy, reliable,and

theoreticallysound.If oneignoresthekind of empiricalregularity on which it is basedthenone

hasmissedanimportantfactaboutthebehaviour of thesystem.In short,if oneis inclinedtowards

pragmatism— with asmall‘p’ — in science,thendownwardscausationis aspragmaticallyuseful

andtheoreticallyrespectableasany othersort.

Thesameargumentcanalsobecashedout in termsof counterfactuals(Lewis, 1986).Suppose

oneholdsthatC causesE if f E wouldnothavehappenedif Chadnot. In ourexamplethestochastic

8Conceptualdependencewill turnout to beimportantwhenconsideringtherelationshipbetweenmentalstatesand
theworld (section5.3),andbetweengenesandorganisms(9.3). But for mostof the restof this chapterI concentrate
on thestrictly causalrelationshipbetweenpartsandwholes.
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natureof thesystemensuresthat theeffect of compressingthegason theaveragemomentumof

theindividualmoleculewouldhavebeenthesamenomatterwhatparticularsequenceof collisions

occurred:thelowerlevel eventsareoverdeterminedby their immediatecauses.Thereforeit is the

higher, ratherthanlower, eventsthatshouldproperlybedescribedasthecausein thiscase.

Oneobjectionto thepossibilityof downwardcausationis that it seemsto imply causalover-

determination:if themomentumof amoleculeis causedby its own historyof collisionsthenhow

can it alsobe causedby the gasbeingcompressedin a cylinder? But the idea that theremust

beuniqueefficient causeof any event is anunnecessaryhangover from Aristotle. Any realphe-

nomenonis a densewebof causalprocesses.We canusefullypick out certainof theseprocesses

asbeingmoreimportantfor statisticalor discursive reasons,but this doesnot requirethat those

propertiesberegardedastheuniquecauseof anevent.Of courseall instancesof downwardscau-

sationwill bemediatedby local, lower, mechanisms.But oncewe abandonAristotle’s insistence

onauniqueefficientcause,thenthereneedbenocontradictionbetweenregardingbothhigherand

lowereventsaspropercauses.

However thereis onenotionof causethat doesnecessarilyexcludethe possibility of down-

wardscausation.This is to demandthatobservedcorrelationsareonly causalif they areinstances

of a coveringlaw. So,for example,compressingthecylinder mayeffect themotionof particular

molecules,but the laws governingtheir motionwill remainthe same.Accordingto this view it

is the frequency andorderof micro-eventswhich arethe target of downwardscausation,rather

thanthelaws thatgovernthem(Schr̈oder, 1998).Thisversionof anti-reductionismconcedesthat

objectsmaybeaffectedby their environment,but theway they areaffectedis a fixedandintrin-

sic propertyof theobject. For example,moving the pistonof a compressedgaswill changethe

motionof theconstituentmolecules,but the laws thatgovern their collisionsremainunaffected.

Accordingto this analysisdownwardscausationcanalwaysbe eliminated— at leastin princi-

ple — in favour of a causalstorywritten in exclusively lower-level terms.Thecausallyeffective

higherlevel propertyis just a shorthanddescriptionof a stateproperlydefinedat a lower level.

Thuswe canre-writetheclaim that‘the movementof thepistonaffecteda molecule’in termsof

thecollision of individualparticles.But aswe saw above,gasmoleculesdo not alwaysobey the

laws of elasticcollisions. If we cool the containerthenthe moleculesstopreboundingandstart

to stick. Thereforechangesin theenvironmentof a partdo not just affect thepart. They canalso

changetheway thepartis affectedby its environment.

Therearetwo waysof dealingwith suchexamples.Thereductionistreactionis thatif a prop-

erty turnsout to be dependenton the context then it shouldbe eliminatedin favour of oneat a

lower level. So if moleculesaregoingto stopreboundingandstartstickingthenperhapsthegas

shouldbe understoodat the lower, and presumablysurer, level of atomsandelectronicorbits.

Thereductionistaxiomthatobjectsandtheir propertiesarein a strongsenseindependentof their

environmentis built into their definition of a ‘real object’ and‘real property’. Reductionismis

an a priori assumptionabouthow theworld is: if propertiesandentitiesaredependenton their

environmentthentheir reality is questioned;they aresecond-rateentities,justapproximationsthat

we find convenient.But it is highly doubtfulthat thereductioniststrategy wouldever yield prop-

ertiesthatsatisfytheir criteria. Thereductionistendsup in free fall, tumblingthroughthe levels

of description,looking for onethat fits the idealof a billiard ball universe.Until the revolution
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of quantummechanicsthereseemedto bea bottomlevel safetynet,but now eventhathasdisap-

peared.However thephilosophicalproblemsaroundquantummechanicsareeventuallyresolved

— whetherby theuseof actionat a distance,or theroleof theconsciousobserver in thecollapse

of thewave-function,or someotherequallyexotic solution— it seemsmorethanlikely thatit will

involve someform of radicalenvironmental-dependenceof propertiesandfail to fit theclassical

reductionistpicture.Quarks,for example,arecurrentlyassumedto betheultimatecomponentsof

nature,andyet they cannotevenexist outsideof theprotonsandneutronsthey form. Thereduc-

tionistcriterionof objecthoodis thatanobjectdoesnot requireanythingelsein orderto exist, but

quarksdo not meetthis criterion. Thepersistentreductionistis in dangerof beingunableto find

anything to reducehigherlevel descriptionsto9.

The alternative strategy, the anti-reductive strategy, is to acceptthat propertiesareheld by

objects-in-environments,not objects-in-themselves.Therearenosuchthingastruly intrinsic (i.e.

environment-independent)propertiessincenothingever exists in isolation. The situationsthat

scienceusuallydescribesas‘isolated’ — suchasa vacuumwith flat electromagneticandgravi-

tationalfields,or a laboratoryarena,or a testtubeor Petri dish— arethemselvesenvironments

asmuchasoccupiedspace,naturalenvironments,or living organismsare;they arejust different

kinds of environment. (Similar considerationsforce us to concludethatonedoesnot find one’s

‘true’ self in aBuddhistretreat,justadifferentone.)WhenwesaythatanobjectweighsX, or has

a massof Y, or that it hasthecolourZ — i.e. whenever we predicatea propertyof anobject—

we actuallymeanthat theobjecton earthweighsX, or hasa massof Y in our inertial frameof

reference, or hascolourZ at roomtemperature. If weput theobjectonthemoon,or in arocket,or

in akiln, thenits propertieswill changeaccordingly. Objectsonly ever exist in environments,and

theenvironmentcanaffect eventheseeminglymostfundamentalandintrinsic of properties.An

objectmaybemadeof gold,but put it in aquaregia andit soondissolves;thereforeits continued

existenceasa goldobjectis dependenton its environmentnotbeingaquaregia.

Scienceproceedsby trying to find objectsandpropertiesthatare‘robust’ — i.e. thatarecon-

stantacrossenvironments— andit is oftensuccessful.But wecandraw two differentconclusions

from thissuccess.Thefirst is thatthosepropertiesareessentialandintrinsicto theobject,andheld

independentlyof theenvironment.Or we canconcludethat thosepropertiesareheldin, anddue

to, thatrangeof environments.Althoughthetwo positionsaccountfor any givensetof empirical

evidenceequallywell, theformerpositionis far strongerin thatit implies(or, rather, assumes)that

thesamepropertieswill beheld in other, future,environments.Scienceis built on extrapolating

from observedcasesto unobservedsituations.We assumethatthephysicalconstantsmeasuredin

theacceleratorarethesameoutsideour light cone,thatthebiochemistryof thePetridishproceeds

in thesameway in theliving cell, or that thepsychologicalbehaviour exhibitedin thelaboratory

would happenin everydaylife. Sometimesthis is true but, asFeynmanpointsout, in eachcase

this is anassumptionandshouldbeacknowledgedassuch:

Of coursethis meansthatscienceis uncertain;the momentthatyou makea propo-
sition abouta region of experiencethatyou have not directly seenthenyou mustbe
uncertain.But we mustmakestatementsabouttheregionsthatwe have not seen,or
thewholebusinessis no use. . .We have to makeguessesin orderto give any utility

9B.C.Smith(1996,ch5)alsoarguesthatmodernfield-theoreticphysicsdoesnotsupplyuswith ready-madeobjects
in thewaythereductionistfondly imaginesit does.
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atall to science.In orderto avoid simplydescribingexperimentsthathavebeendone,
we have to proposelaws beyond their observedrange.Thereis nothingwrongwith
that,despitethefact thatit makesscienceuncertain.If you thoughtthatsciencewas
certain— well, thatis justanerroronyourpart. (1965,p76)

Or, asHumeput it 200yearsbefore,

Evenafter theobservationof thefrequentconjunctionof objects,we have no reason
to draw any inferenceconcerningany objectbeyondthoseof which we have hadex-
perience.(A Treatiseof HumanNature II.3.12)

Thesearesimpletruths,but they areonesthat the reductionistseemsunwilling to acknowl-

edge.

2.4 Conclusion

Thedebatebetweenreductionismandanti-reductionismis a debateover whatkindsof questions

oneshouldaskin orderto understandhow physicalsystemswork, andthekindsof answersone

shouldexpect.Now thereductionistcertainlyasksvalid questions,andtheir answersarecertainly

true anduseful. But we shouldnot infer from this successthat their answersarecomplete. In

particularthey ignoretheway in which objectsaredependenton their surroundings,andnot just

their insides.Thissimpleintuition will turn out to have importantconsequences,especiallywhen

theobjectsunderconsiderationincludeintelligentagents.
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