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HE.FLECTIONS ON ERNEST NAGEL'S 1.977 DEWEY 
LE.CTURES TELEOLOGY lillVlSlTl!.V 

I 
! is ilO\\' OV(~l'. 60 ye(tfs sin '(! T lOok my first graduat<: CQuni(' in 
philosophy at Columhia Univel' ily in January f'\ 947. Th{~ 
COUl1'iC was a seminar by Emest Nag 1 on the phil()~()phy of logic 

or Urad ley and Dewey, and by the end of the seconci meeting I was 
clIlhmH<;:d by Ernest's patient style and careful criticisms of thd.­
logkal views. It is still easy for me to visualize Ernest as he walked 
hack and fonh in the seminar room complimenting, on t.he one 
hanel, the philosopher being studied, but always ending, on the 
other hand, on a clear statement of something that was wron.g in 
the text being examined. As I have been reading, in preparation 
for writing this artide. what he wrote about biology, mosrty aftef 
I left Cohunhia in 1950 to come to Stanford, the c(lcknce of the 
writ.l<'n words and t.l\t~ style of arb'luncnl remind me v{~ry much of those 
first clays of lislening to him in 1947. Vel in the years 1 was at Columbia, 
Ernest did not give a single seminar or course on the philosophy of 
biology, nor did anyone else at Columbia that. 1 can remember. 

It is certainly difterent now. There are more biologists at S1lmford 
(ban any other kind of scientist, by a wide margin. Courses in biology 
are now given everywhere and for every'kind of purpose. Stanford, 
for example, now has a scparat(' Im:~jor jn human biology, And most 
philosophy departments now feel obligat.ed to give at least one 
course in the philosophy of biology. Not surprisingly, Ernest, with 
his wide scientific interests, began carlier than most. philosophers 
to think about. biology, 

Nagel's first article 1 know about t.hat has an int.eresting hearing 
011 biology is a VClY useful one on naturalism and materialism.' From 
the style of the argumenL." 1 would judge that the artick was mainly 
wtitten by Nagel, the youngest. of the three aut.hors. Arter this there 
are two important ~l.rticles just by Nagel himself.2 Then t.here is a 
break until 1961 with the publication of his magislerial book,:l Several 

'.John Dewey, Sidney Hook. and l!.rnesl Nagel, "Are Naturalist.~ Materialists?" this 
JOURNAl. , XI:". 19 (Scp. 13, 1945): 5J5-80. 

~ NllgrVMf> hani r.i Explanalion alld Organismic Biology:' Philn.sophy anft PIWn01I~("­
lIollll{ir.fllllestar.clt. XI, 3 (Mar h 1!1[,I): 327-38: Nagel, "Wholes. Sums, and OJ'gamc 
U llilir·s." l'hiwso/lhi(.(J/ S'udit:1, Ill, 2 (F hru;)l"y 19&2)~ 17-H2.. . 

. NaK ~1. TIll! Slnu'/lirt ofScicnu: /'roMclIl.I· i" the Logit; r~fScimliji(; I~xplmwtllm (New York: 
Han·(~"n. nfll('J: and World. J mH), 

© 20 [2 The .Journal ,of Philn!lophy. Inf., 
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pans of it. deal wirh biology, and 1 shall rcLUrn to discuss them 
tattT, After another break, he published two long art.ides containing 
I,is John Dewey Lectures at Columbia in March of )977, together 
titled Teleology Revisitr{ri, which appeared almost immediately in t.his 

.101 f1{NAl.,4 and were later reprinted in a volume of essays.f> 
In the rest of this article, I will devote most. of the time W i:Ulalyz­

ing the parts of the 1961 book J/w Slru.c/1.lre 0/ Scirmn: devot.ed to 
niology, and the 1977 John Dewey r ,ectures on tekoloh'Y' lhe Struc­
tun: (~/ ScielU:t! is densely argued frolll chapter to chapter as it surveys 
'he natural and social sciences. Chapt.er } 2 is ~ntirely devoted to 
biolng-y. I'L'i main focus concerns t.he long controversy about teleo­
logical explanations . .It was Illy original intent to SUlVt:y rather carc­
hllly cvclything Nagel has written on the philosophy of hio{0f,'Y, but 
Lbe more I l"c-f(:~ad his pubJished work of half a cenLury ago, I carne 
1.0 see Ihat there were t.oo m(lTlY different topics to discuss t.hem all 
with any thoroughncss. Moreover, it seems to me that his analysis iT) 
the hook of teleological explaIlalions, and his return to this Lopic in 
his 1977 Dewey Lectures, repn~scnted his most. serious and engaged 
work j 11 Ihe philosophy of hiology. AL the same t.ime. the tang1ed 
issues he examined willI care rernain important. 

.so, r have organized t.his article into live sections. The first two 
deal with teleological explanations, first, in t.he 1961 book, and 
second , in the first Dewey Lecture. The tf\ird section, representing 
the secolld half of clmptcr 12, focuscs on the stanr.e of org<Hlismic 
hiologists toward mech~H1istic explanations. The fOllrth section exam­
ines Nagel's extended analysis in the second Dewey [,cctnrc on func­
tional explanations in. biOlogy. Finally, the fifth section consist') of rny 
o\vn comments on some of the cOlll.erllporaryissues about l11e Ilature 
of' hiology as a science, related 1.0 Nagel's crit.ical aJlalysis. 

It is nol possible to give a reasonable paraphrase of the ml:lny bal­
allccd arguments Nagel gives in chapter 12 of The St·ru,clttre of' &ience 
OIl 1he SlaLUs of 1eleological explanations. I mcntion onc point thai 
he covers at the beginning ill rather short order; but that is a topic: 
of much greater concern currently. This is t.he stat.us of" conw:iov,,\' 
purpo."'ies. I am sure this is because the status of consciousness as 
such did not occupy any thin!; like its current prominence when he 

·1 N"gel, ·'Coal.I ire 'wd PtO(<<:sscs in Biology" and "Functional Explanalio(H) in 
gj\ll()gy ,'~ this .IOURNAL, LXXIV, 5 (May 1977): 261 - 79 and 280-301. 

" Nagd, Tideoiogy Rt/visited and ()tl/.1~r&s(J.y.\ ill till: Phiioso/I/ty n.?ld 1/istory (!{ Scif,llt:t 
C~\ ' W Vork: C/>]umbia, H)7~)). 
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WetS writing. He docs emphasize that the conscious aspect (lr purpose, 
so to speak, is not relevant to his f(lCtlS Oll teleological explanations. 

He does giv(~ much m()("(~ attention to the claim often made in the 
past, alld still by some, that teleological explanations are an essenlial 
part or biology, as a special SU1?iect matter for them. He has a number 
of' argnmentK against this position, anwng them that we Cill), (:01'­
l\~ ('tly , use extn~mal principles t.o i()rmu(a.te classical mechanics in 
teleologicaJ ];mgllage. ;\nother closely related one is the search For 
stabililv result;; in mechanics, which resembles argunlcnl.s CDIlccrnillU 

I L M 

the imporJ<lJlf goal of pCl1'iistence in biology. 
A rcla1<:d point, hut from a different angle, .is the claim. that the 

special character of biology i~ that: it studies organic systems, which 
,lre fundament.ally goal-directed. Nagel responded to this claim hy 
asking, first, can we, in fact, identify t.he particular structures or 
goal-directed systems in a neutral way? And, second, does the current 
focus of biology constitute in itself strong evidence for this claim? J 
cannot n~~i!it quoting the Jast part of his response to these questions, 

Yloreover, some systems have been cJassWed ali "teleological" aL one 
lillie ano in n :latioll to one body of knowledge, only to be re-classified 
as "noutdeoiogicaJ" at a later lime, <lS knowledge concerning ll1f' physics 
of mechanisIIls improved. "Nature does nothiug in vain" was a maxim 
c()1llnlOlIly accepted in pre-Newtonian physics, and on the basis of the 
doctrine of "natuf;-ll places" even the descent of bodies and lbe ascent 
of smoke wen.~ regarded as goal-directed.. Ac€ordingly, it is at Ieasl all 

open question whether [he currellt dh;tinrtion between system5 that 
arc gn;JI-direclcd alld those thaL are nOI invari<lhly has an identifiable 
ol~jcctivc basis (i.e., in terms 0(' difkrcnces between the actual organi7.a­
lions 0(' such systems), and whethe r the Sam(~ .~ystem may not often be 
classified in alt e rnative ways depending on the perspective from which 
it is viewed ;i~nd 011 the <tllt:ecc(kllt assumptions adoptt:d for I,nalYJ'.ing 
it~ SII'lIC1.IUC .

iJ 

1.;}1.er, I add to this passage some engineering examples of my own. 
Nagel then goes on to endorse as the most reasonable approach the 
system approach to hioloh')', exemplified, at the time he was writing, 
by G. Sonnnerhon} and the work of Norbert Wiener and colleagucs.H 

To the exposilion and defense of this system view, Nagel gives an 
especially careful presentation, because he endorses it, more than 

(; NaA(~r, nit, Sttru:lllrt 0/ Scir.nu, p. 419. 
~ (;: SOIlIIncrhofr. Anai,YJicallJiology (Loudon , UK: Oxford, 1%0). 
K Anum ROllCnbtuctb. Norbert Wiener, and Julian Bigelow, "Behavior, Purpose and 

Teleology," flhilosot"ty oj Scient;/!, x, 1 (Jalluary 1943): l8-24; Wiener, Cybemrili(\'; Control 
{I1ui C(Jmrrnmim/irl1}. in the tlnIm(J./and III<' il1r/cld'/I/? (N(~w York: Wit!:)" 1018). 
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any other, jn its effective way of gelleralizing the argumclll. a ... vay 
fron} purely biological suqjec:t matt.er to other scientific structures, 
physical as well as biological, where, here, "physical" meanfi in the 
sense of phy;<;ics. Ills defense was strengthened by the simultaneous 
appearance of a number of important works on this topic. The sig­
nificant del;-tiled points that he makes are too numerous to enu­
merate here, so 1 end by quoting his summarizing final paragraph, 

It {()Hows from tht~se vaxi.ous considerations that the distinction belween 
structUl'(! 2nd function covers nothing that distinguishes biology fI'OUI 

the physical sciences, or that necessitat.es lile lise ill biology of a distinc­
tive logic of explanation, It has not been the aim of the present disclls­
sion to deny the p<'Itenl differences between biology and other n:ltUl-al 
sciences willI respect to the role played hy functional analyses_ Nor has 
il. been il.~ aim (u cast douh1. on the legitimacy of sllch explanations in 
;lny domaill ill which lhcy arc appropriate hccause of the special char­
acter of tile systems jllw~stigated_ The o}~icctivc of tlw discusslon has 
beell. to show only lhat the prevalence of teleological explanations in 
biology does not constitute a pattern of explanation incnmpar<.lhly dif~ 
fcrent from those current ill the pllysicl] sciences, (lnd that the lise of 
slid I explanations in biology is nol a sufGcicnt reason for maintaining 
that this discipline requires a radically dist~.nctive IObric of inquiry,!) 

lJ 

I now pick up his analysis of teleological explanations sixleen years 
later. I Jl diJ't'u reference to earlier work, Nagel says at the beginning 
or tht~ first Dewey LcctllIe the f()l1owing: "The recent literature 
sometimes breaks ['resh gronnd; but much of it consisfs of modified 
(and sometimes llHKh improved) versions of well-known vi c \'VS , pre­
sen1.ations of difficulties in older an.alyses, or challenges to basic 
asslImptions underlying cUSlomary approaches. My discussion will, 
in consequenc:t:, inevitably revisit much familiar territory, thoug·lJ 
with sortlC dillc'rent ottlcctivcs than on previous joumcys.''lO He then 
procced~ to introduce the analysis of several dilTel'ent: views of tele­
ology he did nor cover in the book, most of these being g'ellcraled 
by publications Ihal appl.:€Ired later. 

The first new vicw be umsiders is the jnl.enr.ional one, whieh 
emphasizes human purposes ;..nul goals as primary. Following ehb 
idea, Nagel refers in schematic form t.o the belief-desire mod C'l, 
accouJillg 10 which goals can be achieved by alternative methods 
internally evaluat.ed. In my view, to generalize t.his inl.cnt.ional human 

" ;\Ja!,!;d, Tllf' Stnrdi./:11' OJ'SCil:r/UI, p_ 428. 
Ii';-"lagel. "(;[J<)l-niu~ctcd PJ'{J(:l;SSCS in I)io]ogy," p_ 262_ 
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model, formal similarity or isomorphism to human behavior shoukl 
be foul\d. Such investigations are familia,r in other parts of biology, 
as c<tn be seen in the detailed anatomical studies of the structure 
1)(' eye~ ill vaTious species. On the other hand, 1 am skeptical of the 
belief-desire model as being' appropriate. It. is too far [rom a psy­
chologically rlaus.iblt~ n lode1: as I have argued c1sewhere. lI 

The second vicw (onsidel'ed is the one lhat Nagel says is derived 
{'roIll information thCOIY, and he labels it the tJ'rograrn view. The dis­
cussion expands upon the earlier one about progrannning described 
in t.h(~ 19tH chapter, but is now revised as a reflection, I am sure, of 
Ihe rapid development of computer science and the widespread use 
of comput.ers between ]961 and 1977. Perhaps his most. significant 
{·xmnple is the one made prominent by the DNA discoveries about 
the programmillg of the human gcnonl(~. For mon~ detailed consid­
eratious., he examines t.he approach of die prominent biologist. Ernst: 
MaYI.':l Within teleology; MayI' inlI"OUU(CS the distinction bel1-.vccn 
processes that arc tclcomatic, or in other words, automatic, as is the 
case (or many human habits, and. on the other hand, "teleollomic," 
which is dose to mariy standard uses of the word "teleological." 

Nagel has three principal ol~jeclions to Mayl''s view. The first is that. 
this concept is not normally wwd in th~~ definition of goal-directed 
processes, and docs nol seem essential. His sccolld ol?jection is that 
cont.rol or a process by a prognHD is npt sufficient for the process 
to he jwlged goal-directed. His C01ll1lClCXamp1c 1.0 show this is (he 
kIH~c:jerk rcHcx, which docs not have the property of persistence 
required of a goal-directed process. His third ohjecllon is to Mayr's 
distincl.ion between open and dosed programs. The intuitive i(tea, 
Nagel asserLt;, is dear, al least in some general sort of way, but it is 
hard, if not impossjble. to apply rhe distinction in practice. (I omit 
the details of this argumenL) Nag-d's closing' point 'is that in sum­
mar)'. it is also hard in general to distinguish bdween te1eomatic 
and Ideonomic processes. 

Nagel then n:turns 1.0 the systerrl vi.ew much discllssen ill lhe 1961 
analysis, but now called the "system-property view." He focuses on a 
serious problem that was not discussed in 1961. This is the problem 

n 1':Urkk $tlppC$, "R"lionatily, ImbiL .. llnd frt!ctlotn." in Nlcolil J)imilri . Marcel1u 
Jt~sili, and Itzhak Gllbo~, eds .• Cognitive />'Wf; (1 mill F.col/o/llic I~JftUliol(f (N 'IV \'ork: 
i{ulIll{'dge. 2003}, pp. 137-67: Aim{!(~ 0,.01("( and SllppC~. "'n, . good and Ihe bad. 
tlw tnt<" and th(~ false'" in Mal"ia Carla Gal:wolli . Roberto S ';t1.'l.ie i, ancl Suppes. 
I:(L., /if1(l.fotling. U(l(ilJlmlity. mIn Pmba/)iTity (Stanfcmi: (,SU, 200 ), pp. 13-:~n. 

" Ern I M;'yr. "Td ological ~Hd Telconomic: A NCIlJ AnaJ)'Si. ,"in R S, Cohell and 
Ma~ WatlO kyo eel, .• Mtll'OlLoIogir.n/ an.d } lis/mimi Essa,ys in the Nfli 'w'(Jl anri So,;ial Sr.iena1Y 
(UUSL m: R ·idcl. 1974). p. HR. 



f)08 THI': JOURNAL OF PIlIt.OSOPflV 

of having variables that are not detcfminantly connected by known 
laws of nature. Such independence of variables is reqllired in the 
sysll~m-property view. Nagel supports it and docs not find the rela~ 
tivistic formulation ItrI<lcceplable, bill an honest admission of a 
common state of' science. Given this hypothesis 01' at leasl two 
vrlriables that are appropriately independent, Nagel judges t.hat 
such cxphmatimls of goal-directed processt:~s in biology can have 
a structure which is Hkc t.hat. of nontckolog.ical explanations in 
the physical sciences. 

Nagel concludes that the sort of explanations in l.enns of pur­
posive hehavior is characteristic of biology and can be recognized 
as being scientifically appropriaLe WhCH formulated in a way that 
satisfies the various const.raint') discussed. I note that I have ornitted 
lIecessarily the essential content of sorne of his elaborate argllment.;;, 
hut I bc1ieve my summary is faithful to his genera} position. 

III 

In the second half of chapter 12 of The Struclure afScience, Nagel did 
not. wriw sonwl.hing directly on hmctional explanations in biolo6'Y' 
What he did wa~ to write a prelude 011 the strUldpoint of organismic 
hiolog'ists thaI he defends as being the proper scientific attitude 
t.owt:lro biology. This is th{~ alt.itude that biology neither has vitalistic 
I()rces, in t.he sens(: of such nineteenth-century scicmist'; as Driescb , 
llOT is rcdLH:ible in the other direction to physics. The second half 
of chapter] 2 exp.1ains the positive feal.un:~s of this viewpoint.. Now 
1hat. vitalism is dead, Nagel emphasizes, at the beginning, the uni­
fying theme amoug organismic biologists is tbis rt;jection of "meclla­
ni!'ltic" explanaliolls in the spirit of physics. And, a'i he also emphasizes, 
sllch hinlogisL~ arc often not dear about what they are ol~iecl.ing to. 
It is to these argument}; that 1 now turll. 

First, it i~ evident. th.al there are areas of biology that do not Ileed 
or sec.m 10 require mechanisms in lheir formulations. Two examples 
,'hat are given an: the theory of evolution and the gene t heary of 
lteredity. Second, biological processes are not reducible to the con­
cepts and Jaws of physics and chemist.ry. ClairJls about holism and 
the strong- dependence of the parts of biological systems are used 
to support t.his argument. Third, biological syslems arc hierarchical1y 
organized. There .~eems to he no comparison made here with the 
hierarchical physical organization of electrons, atoms, and molecules. 

In n'ply to these argumellls. Nagel point.~ OUl that it is widel)' 
n:<:ognized /'h~\l there is no real possihility of the full reductIo!l 
01 hiology lO physics and c:henlisuy. Since such argumenu~ against this 
n.~du(.;li()n are well knowll, many of them dl(>.d by Nagel ill foolnOlt'S , 
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r V\~11 llot eJabomle on a point that is nonetheless impOl'!allt. Nagel 
stn:sscs the openness of the extent. to which physical and chemical 
laws can be used to explain hiolobT\cal phenomena. It is bir to say that 
,,,,,riling- hall' a ccnlmy after the appearance or The Stl'lI.ctu,re (!/ Science, 
I find Ihe UIW of physical concepts and argumenL" in biology is much 
greater, but any complcl.e reduction of biology to purely physical 
ideas remains out of sight. Indeed, the famolls remark of Dirac tha1, 
with the discovery of qllantUlII mechanics, chcrnistry has become an 
applied branch of physics, represents all equally unattainable ideal 
in t.he Ji"amcwork of modem chemist:ty, which is flourishiIlg as much 
,18 ever as a discipline separa.t(~ (ron.1 phystcs. 

Nagel. end.s Ib(:~ chapter by saying tha t the maill conclusion is thal 
organismic biologists have not established t.he absolute autonomy 
of biology as ,1 scientific disclplilw. The ironic comment. to be made 
Ih( ~ se many y(-~ar.s later is t.hat. something else that would have 
seemed very surprising in 1961 is Lhat biology is in some sense 
absorbing the other sciences. For example, tnany of IJle doct.oral 
dissertations at Stanford in applied physics, electrical engineering, 
and computer Sc1enCt~ arc 1I0W abollt SOJne biological t.opic. More­
over, the Schoo1 of Engineering at Stanford has many under­
graduates, hut now Ii large: number are in t.he new nepartmcnt 
of Bioengineering. From a research st.andpoint, literally thousands 
of papers are heing produced each mont.h worldwide OIl biological 
cxperimellt~ that use increasingly sophisticated physical apparatus, 
What IS happening is the intimat.e and far-reaching cormningTing 
of the physical and biological sciences) which suggests that in the 
flll.llre the relevanl question will not. he that of t.he reduction of 
biology t.o physics and chemistry, hilt rather, can we actually dislin­
guish and separate t.hese disciplines in a meaningful way. 

IV 

In several ways the second John Dewey Lecture is of greater gCIl ­

end importance to Nagel'S philosophy of biology' than t.he first.. 
In discussing t.his topic, l follow the pagination of the version pub­
lished in this JOURNAL, which is e:sscnLially the same as what was 
puhlishccl two years later ill t.he volume already referred to. Tbe 
illitial and the longes t. part of the article concerns Nagel'S cardul 
and extended survey of the variety of views on funct.ional l!xpla­
nat.ioll t.hal. rnay be found ill t.he lit.erature circa tlw 1970s or 
som ewhat earlier. To st.ruct.ure my exposition explicitly, J Humber 
carh of lhese views ill t.he order they are set forth in the article. To 
begin with, here ,'Ire t.wo of Na.gel's simple examples of func tional 
('xplam.1tio[Js; "fish have gills in order to obt.ain oxygen" and "human 
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blood contains leucocyt.es for the sake of dd(~nding the body against 
invading bacteria.,,13 

(i) The first. type of fllnctiona1 explanation is l.ht: neutral view. 
as Nagel PIl'ts it, "Le.lcologically neutral." An example t.o illustrate this 
idea is given from physics-the function of mass in the motion of a 
physical ol~ject. Nage1 notes that in physics such functions have the 
S~lln(;~ role as explanations, which in physics have no teleological 
connot.ations. H.c cites as an ex.ample of such a neutral view in 
hlc.)lot-,ry the functional explanlltions given in llll article by Wa1 tel' 
Bock (lnd Gerd von. Wahlert, who essentially equ(ltc biological func­
tlons wilh biological roIcR. 14 II. is this treatment of roles as functiolls 
and nothing more that makes their view a neutral one. They define 
the bjological role of a faculty in an organism as "the aClion or use 
or the f~lClllt.y by the organism in tbe course of its life ltis(ory," and 
I quote Nag-e], who partially quotes them: " ... the biological role of 
(he large mucus g'lands of gray jays is said to be the usc of those 
glands 'as a glue to cement. food particles together into a fooe! 
holm wbich is then stuck to t.he branches of trees'."!:' Nagel isrnore 
or less accepting' of this kind of fUIIctional explanation, as one thaI 
works sinlilarly in physics, where Nature's plan or the role of com­
plex llurnbers in quantum states are mfLen referred to, but in all 
illnOccHt metaphorical way. I take it the concept of rok in this 
lIeutral view is so being int.erpreted by Nagel. 

(ii) His main criticisms are deV01.ed to the widespread second 
view of hmCl.ional explanation in hiology. This is 1.he one that mainly 
assumes that biologi.cal functional explanations are teleological, in 
tile sense: that they arc about actions directed by some agent who 
has a f,{oal in mind. Nagel focllses on the discussion of this view by 
Larry \Nright. who strengthens the account of selective agency \.0 

require an analogy to some "conscious" function in human behavior.lIi 
Put another way, Wright holds that functional explanations in biology 
shollld haw~ the same pattern as do explanations of functions of 
whicll humans are conscious. Nagel rightly ()frer~ strong c:riLicism of 
Ihis view, which as far as I know does not have HHlCh current atten­
lion, Among Nagel's crif.icisrns 1. mention his argument that natural 
st:'kction in cvolul ion is selection by chance, as opposed to selection 

I ; :'-hgd, "FllllI,tional E>;fJlanatiDns in Biology," p. 280. 
ii, Walter J. Hock and Gerd von Wahlert, "Adaptation and lh<: 1'01 rn-lTunrlioll Com­

plex," I~v()tufi(}n, XIX, 3 ($eptember 1965): 269-m}, itt p. 271. 
I:, N;.~gcl, "Functiollal Explanatiol\s in BinllJgy," p. 281. 
II; limy Wright, ,)'clmwgia"l V'tjJ/.a'flfltirms: An Etiul()gical Analvsis uf' (;lInl.l and Fmu./u)r!s 

(lkl'l-:eky; ( ~ ali!()l'11ia UP, 1970) . 



REFLECTIONS 511 

by a conscious agent. Nagel points out that the attempt to make 
Darwinian selection in any sense agency-orient.ed is a mistake, even 
tbougll many biologists and more theologians have long yearned 
tu show that such an agency view is plausihle. 

(iii) This view gives functions a purely methodological or heuristic 
role. As Nagel remarks, it is close to Kant's complicated formulation 
of tcleo]ob,;cal principles as regulative, rather than const.itutive, for 
Klliding biological and human inquiry. lUnt, of course, had to strug­
gle [0 make t:11ese ideas consistellt wi.thin the framework of universal 
mechanical laws. This is why the tclcolog-ical principles arc not con­
stitw.ivc of nature, but maxims. I note that a surprisingly similar view 
is adopt.ed 'Vvidely ill the llse of statistics, and prohahility theory more 
g-(~nerally, in the classical physics of the nineteenth and twen tieth 
ccntur)'. The conceptual cOl1.f1ict. that seems apparent is dealt with 
in a way thal surely would have sa(jsfied Kant. For more discussion 
of this matt.er, see my anicleP 

(iv) The fourth view, which Nagel regards as more plausible than 
the three discussed so far, lS lhat sLlch functions contribut.e to Lhe 
"v,reJt~lrc" of either individual organisms O[ populations of them. He 
first examines the critique of Carl Hempel, a well-known philoso­
pher who ,vas also a good friend of his, so his treat1l1cnt of this 
view is sympathetic, even though critical. The heart of Hempel's 
critique is t.hat. a functional explanation l'nLlSl provide a specific 
explanation t.o be satjsf~lclory, but if the occurrence of any. one of 
a number of alternatives would lA'ork as well, then no functional 
explanation of t.he presence of some specific cause' has been given, 
The issue Hcm[)el's analysis g'renerates is associated with the doctrine 

/ "-

of the plurality of causes, as Nagel points out. Yet a possible plurality 
of ca.uses, or in Hempel's language, possib.1c alternatives, is not. suf­
iicicnt 1.0 invalidate a detailed argument. Nagel uses the f~uni1iar 
cX<lmpJe of determining the cause of death, which is in fact often 
~traight.f(')rward, even though there are cases in which a plurality 
of causes i.s a real problem. In my version of Nagel's critique of 
IIempel's ,malysis 1 have nmch simplified tlw argumellt. to wltat T 
judge is the main point. 

Nagel moves on in his exposition to the version of the wclhlre view 
proposed by Michael Ruse. IB The special interesL here is that Ruse 
gives Ilis analysis as pan of a crit.ique of some of Nagel's own views. 

J'; Sllppes, "lndeterminism or Jllslabilit.)', Docs il JvIattcr?" ill Gordoll c~. Brittan, .11'., 
ed., C:III/\(Jlily. AII'1/1.Or/, and i\:/oilali,y: FSS{t)'s in Honor of.JlIU!s V1I.illrmrin (Boslnn: Klmver 
i\r';J(lclllic, 19(1), pp. fi-~~. 

wivfi(.1Jdt'j g\lSC, '1Iw Phi/oS(1)/iy oj niotu,!!,}, (J ,omlon, UK: 1 II I tcli imoll, 19'1g). chapter !J. 
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In responding to Ruse's criticisms, Nagel also makes his own criti­
cisms of Ruse. Tht.: discussion here is extended and rather compli­
cated. 1 shall try to give a sense of it, at least in a brief way, by cit.ing 
nile of the amusing examples. Ruse claims that the goal-seeking 
system to which Nagel's own formulat.ion applies can be "altogether 
inappropriat.e." Ruse's example is this. Suppose it were true that 
long hair on dogs h~Tbors fleas, and also that clogs arc goal-directed 
toward survival. Ruse then thinks t.hat Nagel is committed to saying 
that a. biological funct.ion of long hair on dogs is to harbor Heas. 

The essence of Nagel's response is that functional explanations 
prcsuppof'te not only that a given system is goal-directed, but also 
that the biological functions attributed to it actually contribute to 
the maintenance oj' the system. So Nagel would be committed to Rllse's 
c1ainl about fleas only if he knew that in [act t.he presence of fleas 
provided some kind of illlrnunity from disease or somellling similar. 

Nagel docs admit that. there seems to he a prob1cm if every effect 
of a feature will have to count as one of' an organism's fUIlctions,if 
such dIcet contributes to the maintenance of some goal or other. It 
seen,s to me that Nagel is loO pessimistic on this point. As scien­
tific di.sciplines develop, the range of effects considered is highly 
restricted, as part of the ongoing scicntifk work. 1.'or example, there 
is good reason in the continued devcJopmcllt of classical mechanics 
to not: invt:stigate the complicated histofy of mosl physical object.., or 
proce~ses being studied, except. for a highly restricted list of properties. 

Moreover, this resl.ricled Jist can be sharply constrained either by 
direct lheoretical argumelll for s11(:h an established. theory, or by 
examining current experimental work, as is done for many subtle 
problems of continuum mechanics, such a,<; the pattern of airflow 
around airplane wings, 

Nagel ends up adopting the goal-supporting view of functional 
explanations in biology, yet, in his characteristic fashion, with some 
substant ivc reservations. His hroad conclusions at th e end of the 
second Dewey Lecture are these, ji'irs!., when I.he system-property 
aCCOtlllt of goal-directed processes is sound, functjonal explanations 
can lw shown to have the same general stnlClure as explanations in 
the physical sciences. Second, such accounts of goal ascriptions are 
also cansal in lJat.urc. Third, nmctional ascriptions have a difterenl. char­
act.er. They arc not. necessarily causal, but can also be explanations 
of' the effects of various features and processes. Both kinds of inqui­
"jes, those about causes and those about effects, have: their proper 
place. Finally, none of the analysis and conclusions given show that 
the .laws and theories of bio\ogr an~ reducible 1.0 those of the physical 
sciences, but do have a proper scient.ific status of their own. 
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Here are some final comments of IUY own. First, there is one sur­
pi'ising and important omission in the discussion of biological expla­
nations. It is t.he cxt.(~nsive nse in biology of prohahiHst.ic and 
statistical concepts that leads directly to the daim that a wide variety 
of hiological phenomena have, in the best. current science, proba­
bilistic explanations based on the prohabilistic nat.ure of many bio­
logical c.auses, This is not a rec.ent development, but something 
Lhal. rapidly developed, at the end of the nineteenth and the begin­
lIiJlg of t.he twentieth century, in the work of Galton, Pearson, and 
ot.Jler distinguished scientisls. Within tllis framework, many func­
tiollal cxpl::maclons in biology are formally stated statistic.ally. It "vas 
a great triumph of the tvventieth cent.ury to develop formal statisti­
cal tests of the correctness of such hypotheses, or ev{~n more, tests 
for when to r<:iect them. Moreover, the qualitative corlsideratioll 
of probabilistic causes goes back to antiquilY, and already in the 
eigllt,(~en1:h century, Laplace's memoir of 1774l!) developed systern­
atk methods for inf(~rring probabilistic causes h'om crfects. In many 
ways, for much of Lh(~ twentieth century, the most formal part of 
biolohry was its slatistical side, and many st.atistical studies were no1'­
mative jn Nagel'S sense of goal-directed. This is not t.he place to 
elaborat.e on these ideas, hut I bdicve"'they would strengthen 
Nagel's claims about the extent to which bio\of,lJ' is not reducible 
in any coherent way to current physics and chemist.ry, notwithstand­
ing the gn:~al importancc of physical and chemical. mechanisms in 
Inod(~rn molecular and cell biology. 

Second, there are two striking cases of the rich use of t.eleological 
concepts ill the con1J~xt of the physical sciences and their engineering 
applicatiom. The first. is engineering design, especially in the modern 
SH1~i(:ct of operational research and control theory, since the middle 
of the twentieth cent.ury. The ext.ensive usc of physical theory would 
be expected, but the surprise is the richness of the mathern<uical 
T1Icthods that have been developed in t.his context to serve teteo­
lo).{icaJ goals. These methods, such as linear programming, and 
later, nonlinear dynamic programming, have made possible quanti­
tative solut.ions of normative pI'oblctns of opt.imization of engineer­
ing, economic, and social import.ance:. 

Third, t.he idea of robots goes hack to ant.iquity, but i.l is really 
in the twenty-first. ccntmy that. we wil1 find them everywhere. Their 

w Pif~D';~Sirn()n Laplace, "Me111oin~ Sllr 1<1 prohabilitc des (,3u~es pal· les l:vcncmcns," 
MC}lwiu!.f dll 1J).alhhnfztifjlltI ,1 (It 11">\\;qUl, Im· ... lntes t'.l I.';hwlbnw Ro)·nle tt(!.1 S(.ien(,e.\~ par (livCls 
5jr;rt1 lam (OnA~n citt:cl 3S S(III(/111.\ ;"'(lngn~). VI (1774): 621--56. 



TIIEJOURj'JAL OF PHrLO~OP1IY 

materials or constructioll win mostly be hlr [rom biological in nature, 
but their principles of operation will be purposeful and clearly l.ele­
\)]()gical in nature. Indeed, certain robots will be built to model 
Ill.l1l1a11 perforrnancc as closely as possible, Perhaps the most sophis­
ticat.ed examples of this kind will be robots that seem to talk and 
think ill r\ serious hllt nmnral conversational st.yk. induding the 
subl k expression of emotion in speech, a Sul~CCl alrt~ady being' 
sl.l1dit~d in (:omputer Sdt~llce. 'fhe modern irony of the "machille" 
will be thaI LIl<! dosesl rri<mrls of humans wilt in many cases h(' theil' 
rohot. companions. w}l() can communicale so much hener thall 
thl'il" animal rricnd~ of long tradition. In many ways, biologkally <.:on­
g(,Il'~\1 teleological COI1C(~pts will invade [he physical and engineering 
scielKCS just as lhonmghly as physics has invaded bioloh')'. 

FOl1nh, the currcnl ohsc&~ion with gaining a sdcntitk ulldcrstand­
illg of consdousl1ess will surely he resolved in the present century, 
This inevitable achievement of neurosdence will then be used lO 

make oar robolS of Lhe future ever more human. An(1 tbe scientiIic 
]jl.cratllre will see a weILer of articles on the physics of consciousness, 

Fifth. it is natural to ask how physics will ha.ve anything to sa)' 
abollf (:onsdousllcss. The auswt.' r will come from solving another 
problem of even greal(;r general irnponance. This is Ihe prohlem 
or Hudcrstallding how llH.:' lw,tin compu.tes in any of liS rU~lin systems 
tasks sllch as speaking or listening. coordinating acoiratdy pen:ep­
\;011 ami motor control of aCliofl t or recognizing the expressioll of 
subtle varklies of emotion. present in human im.erac.tions of ,\11 sort. 

There arc many reasons to rhink that in the next rev\' decades we 
will reach a much deqwr ttnderslallding of how the brain computt'S, 
even if W(' may still be haffi(~d by how it learns to do so. The heginning 
i'\ already scv~:ral decades old, starting with the slill-older recogni­
Lion that Illudt biologifal behavior is oscillatory in nalun\ from 
Ilu' d)irping of crickc.:ts and the Oashing of Iil·(~-Hi(:~s. t.o the rhythlll$ 
or lIlt: heart and of' musical illslrumenls. The ohvious physical 
(kvkt:~ fc)r g(~ l1crating osdllatious art! osdllalOrs, whkh are meel 
to n'lodel an extraordinary variely of phenomena in physics ii'om 
dock pc:mluhul1s to quantum fields. A widely accepted hypothesis 
ill llllTCllt neuroscience is lhal co\leclions of syllchronjz(~d neurons 
in Ih(' hrain furm electromagnetic oscillators. Roughly speaking, 
tlwle are two W'.lYS sHeh oscillators can interact. One is by resonance, 
tr'Hlsl(:rring enCl}.ry at a common frequency from OIW oscillalor to 
another, as in t.he famous Tacoma, Washington, hridge colJaI.).~(: 

on Novemher 7. 19 i 1O. Enurmous oscillatory eucrb'Y was lransf(~rrell 

10 the hridge rrom the slrong winds at the ftmdamcntal frequency 
o( rite bridge's main span. Such resonance is~ among other things, 
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much (00 ~low for bl'a1n (:011\pUlLng. So the plausible hypolhc ·is i· 
that the much '~\s{er phase-locking of oscillalors is lh(~ main cngin 
of syskm computation in the brain. Little energy is required for 
phase-locking. and after oscillators .ue synchronized in ph.lse. no 
('xtcntal energy is required, Weak coupling belween the oscillaturs 
will snffkc for phase-locking. I and my coworkers believe that an 
imp()l'l.<tnt example of sHeh phase-locking is the mechanism of hst 
phase-lo(king f{)r retrieving words from v{~rhal menlOlJ' in !ipcaking 
or H:itcniug, as well a.. .. til writing or rcaciing.2t' A deeper intertwining 
of Ihe nH.~ntal and the physical is- hard to imagine. l~)' the lime 
'hest: prohlems arc compktcJy solved, biology and physks may well 
he indistinguishable. I believe this is an outcome that filS iu well 
with Nagel's elaborate analysis of the structure of science, properly 
revised from lime 1.0 time to accommodate the science of today 
alld tomorrow. 

pATRICK SUPI'ES 

Stanford University 

.. \ I SUpp('!;, "A Rcvi!f(:d Agenda fur Philorophy of Milld (and Bmin).~ in Michad 
Frau( higcl ;wd Wilhelm K. Kssler. ccI~., RepmmJatiotl, EtJitkllu, and i,uIijklllhm: Tlumtr..J 
{Will ~f/I}JJl'j (Frankfurt, ('t-nmmy: ()nw,~ Ved.lg. 2(08). pp. 19-50; Suppes, Marcos 
l'I·,n. :<ln·Cuim"rm~s. amI IJik Kin Wong, "(~anjar OrdNl' of Similarity I>if1cn~Il((~s 
lu\'ariartt hctwc:c:n EEG·R 'curded Br<\in and Pt~I'CI~plmd Repn::iCntalioIl5 of Lan­
guagt';' Nnmd COI1l/)tll(Jti(ll/, xxr. 11 (NuVt~rnher 2(09): 3228-69; Suppes .\ndJ. Acado 
de Han O~. "Qmll\lllill Mechanics and Illl! 8r.lill.~ (lum"um fnlt:rarl io/( : Iltlpe,.~ {rom 
(he 20m Itl1M SI"ing .")·lIIpo.~iUlll. TecJm; 111 HJ!/JlIT1 SS·07-08 (Meillo Pur". CA: J\At\I. 
~1I{)7), pp. 75--1'$2; de Bam)!! .mel Suppes, "Qllallllllll mechanics, intcrfcn:n c. alld Ihe 
hTain," jlluI"m4l oj M""",n6licai PsJdll,uJf.,1, I.ln, & (October 2009): 306-13; 1':. Vassj\jc".\, 
{;, PilllO, !k natros, and Suppes, "1.I~arning Palt<TH Rc.cogtlilion Through Qli~lSi. 
SYIH hronii.aliOH 'If t"hilliC O~dllalOJ5." ,rEEF. J'rmuoctio,tS ~m M~uml Nt(tli{},.k.~, XXII, 
I (20 11): ~H -95; SIlPpt~S, de Jlan(}.~. and C . Oilll, "PhaS{··(lsc:ilJat.or complluui<)O!i as 
n~'lu"l Illlldd!'! of 1IIinntlu!rI'CSPI)\lS(' conditioning and rcspmlltt: sc1ection,K .fotlmat IIf 
Mt'JIhf'll/.i/f;UII })'JtllO!ogy. 1.\"1.2 (April 2(l1~) : 9:,..117. 


