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, Mathematicsn WesternCulture

The stingis only remaved from a systemof thoughtwhenthe particularconditions
underwhichit makessensearedescribed.
— BhaskayA RealistTheoryof Science

Overthelastthreehundredyearsthe scientificmaterialistuinderstandingf theworld hasbeen
mouldedby two pictures two intuitions, andl wantto corvinceyouthatathird is atleastpossible.
Thefirstintuition is reductionismSocietiesaremadeof 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 uscallit 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 TheUnity of Knowledgeputsit

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
minedby thelower, andoneattractive alternatveis whatwe maycall pragmaticanti-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
determinedy thelower level propertiesthey cannotbe discoveedor derivedwithout 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 knowthatanti-
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 superveniencéim, 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 notionof emegencehasalsobeenusedto 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 evensuggestsvetnessBut 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 thattherearejustatomsandtheir 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 causediy 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 ashumansaffectsour 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 productof 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 functionof 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 anythingelse
atthesametemperature(1963,p40-1)

Sowhathappensf the gasis notin 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 becauseof 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 elasticallybecauseahey 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 conceptuabependencesupposefor 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 shaftwasX 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 the carvia thedrive shaft,sothe propertieof the camshaftandpistonheadsandall the
otherpartsdo not effect therestof thecardirectly, but only throughthatsingleoutput. The power
of the drive shaftis dependenbn the propertiesof the otherparts,notviceversa In otherwords
somethings describedasbeinga property‘of thewhole’ becauset 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.



Chapter2. Anti-Reductioni;n 13

of ‘the’ Gamein existence.Thus,in all existing instantiationf the Game,the rulesgoverning
the interactionsof the cells have the form thatthey do becausahey generatanterestinghigher
patternsasmuchasviceversa 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 Gamebecauseof 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 strongsensendependentf their
ervironment,in the sensehatthey neednothingelsein orderto be. Accordingto this intuition
propertiesare intrinsic to objects,they are essentialthey 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 objectsdependntheproperties
of thosdargerwholes andthey dosoin two ways.First, propertieof partsarecausallydependent
on the propertiesof wholes:coolingthe containercauseshe moleculego stopcolliding, andthe
glidersandblinkersin the Gameof Life stopgliding andblinking if the programis interrupted.
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Secondpropertieof partsareconceptuallydependenbnwholes:thepowvermeasureatthedrive
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 overlooksthefactthatpartsarealsoemegentproductsof 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.
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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 uniquecauseof 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
changehewaythe 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 earthweighsX, or hasa massof Y in our inertial frameof
refelence or hascolourZ atroomtempeature. 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 aquaregia andit soondissohes;thereforets continued
existenceasa gold objectis dependenbnits ervironmentnot beingaquaregia.

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 Treatiseof HumanNature 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.
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