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o:~ hiz "ce,:hn:tques:I 

l.:T.an lives in e. world of "lfZllY oyc.rt;f.-'I;1S. r.!oat~ of "Ghese 

of historica.l necessity. A :l"e:f'lective mind, thexeforc, finds much to think 

,\ie des:lgtl our COF'TIXlDl:tcation system i:f" 'tie could sta...-vat £rem fJcX"o:Gch lrl th all 

Is thel:'e much poj.nt to. -Chis qu.estiO'Jl ·chat reflei,yhioll can. so easily ask? 

vIe knot.j ~ta Cell !"t; ··thl"Ow 8.r.ray aD. ou.r cOIt'.nnmication. eg:ui!:w:n:t: alld. i~hi;i.:'_e:e6xe....lE!.' .' . .)... ... 
~:. .... ".'" ... ,. ........ __ . 

more· precti(!al. g:u£s~;.ian l-rould 'be "t;o' decide hmT "co mO'!lify wha:t4 ~Te he.w~,.J':aijh;~:r 
" " ......... :."". :,..-- .. 

t.h~t\.(;.~g2.gl'l al~ abfJt;~~_~tionD Yet". fm .. thcr'imollgb:c .. shalls '~he:l; the qi1~;Sti()!l ia "'. 

DO"G 118i va alld u.seles5: tOI: if 1re succeed in deSigp.lllg an idesJ. SjiT:J'CCllt., 1re ~l:tJJ. 



• 
necess:tty has often .been ,responsible, for the form ctZ -the, system o£ ecie:ace" 

Ifu.ve lre !lllY' reaaOl:l ·to, e:qlec'c that, historical accidents have bequeathed us· . " ... . 

a. sys·t~ tb.a,~ is llO'C :a.lt~gethe~ eat,:tafacto:l:'fl ,Hs.\o'"e ue aJ.\1r reason 'co suspec·t 

'bhe:'G om.... ec:tence :i~s a. very pool~ly des:tgn.cd system? 

cially stuted to crca.t.e Im0111edge'J i.e .. J e.ll inqwxil'lg aystem,;,holT ~ouJ.d 1ie 

proceed~ 

~e design of systems is e. series err pl.~blems; in. el.ch !,lw.se .one mus'h 

diSI}lay the ~ter-.n~\"cives end ·tl~ to select the best. from "the resources ilVAilable .. 

2h.e ~e8:uy t.tifficul. ... G p!.'oblem. is to discer-A ~.. ::easoneble :3et of' e.lJ~el'nB;tii/es, 

especially '{men r~n llecam.e so used. to one possibilityo 'me ptU"IJOse. or ·this p!;"lper 

is to pOf1e noma ques·tionn about the des:tgn . of inquil-:lnB is;YateII1S and not to 

DuG 1fO can r -t :pozT.li-t ol.trsel v'es '·to ask these queStiOll13 until 'He have DlOl"'e 
.. ','''' 

asSl..~r.EUlC!:~ that they m.eon something .. 
; ...... , 

T'aere. are . too.u:y d:i.f:~e:ren:l; iriet-l];lo:i,n:ba al)ou-b 
_"t' • 

.. . ......... : .. 
J . .• 

tJlotlgh .. ver:r"!lopu1:'::J~ ·I.;hese dE~a, is jUtri.; as -l:troubles01l1eo Each diaCO'iler08:c' of 

Usystem sc:1.ence If ho.s his c/t'm def":1.nition of a. aystemo 

a. sIlecif:i.c nte£!l1.:tng of Itays'cems, n .1~o 'ttaich 't·re tu:t""u. f:trst. 

~~ A.1.thougp. pao:ple do sa.y "'chat "the plaI"1.ets and BUll, s,-eo:ue°l;ry end uutqll101)i.les 

e:re systems" . these :tnstances do not fDJ.l l.ll1cler ·the ccmce:?t as '{'Te intend. J~o 

use it here.. He l1os't'll.1ahe thzt; sys·tem.s al~e exsmpl.es of i~eleolog:iocal th:tngs, 

i.{je~:I things acme of: l-J'hQse properties ere ftmctioJ;lru.o r.u~is. licstulo:ce doc:;, 

to be zoeservud rOI.' laore genel"cil usege, then our p'ct.rcille:~c z'eques"cs that 1re 
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Iolloll the loglc o· Conside:r an ,ordin,ary e~ec'ii:ric s'cove, lfiiih five kn01lS 

con~Grollin~: the heat of ·the b1.U'D.el'S and OWl;lo 'Ene l'yl0~J,a,1I .. ~O l"le obaerved 

bolling)Q k4Y wo: Ol~ mOre 1ri1obs in the' ~e pcsi'cion b~.oug. to, t~e, S~? 

, mo~91o~ice~ c~s. S11'.r1J.a.rly~' ,exiy:t~ro, bUTller,s lr..t1~, ten!jisra:c.ures :1.11 -the 

12g;cal: cle.ss,os do fJ.n.y -t:uo pots o£ ~mte:r-:1n 'the"S~~Gi;'a·re-. 110"J fn.l!>Dooe tAt 

t:lIne 1.;0,' ,one of the knobs is ,'\j\U"'.a.od but ~l' else J;!iS'~?iM 'fixed" He ,CfJ~ ,tllQ;"t 

-th~ .knob heJl Cl1P,l'g~(l it,s ,morllholpwo AJG ,(q.'1a1,ier-~ of titt:e t1. :o:aa (J'Z 'hUe _ 
1 

burn~r1J changes' xes ·t~l:pe:i'~ture'., ~1zrfJ:~" :the,lmob's ,b~~:t~~ian ~t ,.t;Q' j~ted~~.! 

the b'urner's tempe:ra.tUl'cat tl ~~~, tbet had. th.it~ knob be,en ill· iJi~ c';~he:c P{};J..:tt;~~t:~aS' 
p' ' 

_ .' _. ~~il-9 t2 ~~e' knOb 1 E) :,~~~~'biOll' ,a.t· , to, and the tev~~er~tm:a, of the 'bUl"l+er:a.:t '·t~ 
" :', 

, , 

~re also YLO'e;e tna-i;,,'tlie b'ollirJg 1i1ater cClul.d " , pr94uce ,lJoll:!.U8. ;re .. t·~l.'" in e pot e' 
" ,' .. '';.'. . 

have been p~"co.uced by other IlC3:!.tio~ r4 the, knob, ,ai#' ~~.' In -4;}J:to', c:~~!- u:e. 

clUl ~Ghe se"c of .boi1ing-!>rodu.c~. ~,",)3:t-(;io.t.\G a f!U¥.;;~i~l cJ.aou:, t~~ ~gfu;~~8' 

ae tne ~1ass hav~ a d.i:e.f~~eJ1~, ~l11b.olo~ lnr~" a ~CijilllIDn p~od~ii D F:!.n~\y , 

in'GA'oduce meo the aqene £r.;:coc:t,. WJlO can. pr,odu.ce any "cJ.uou af 'f.'.ny !mob. :f:b.is 
, . . 

means that he ce.l1. prcdUCe±'\}llct1oneJ. ,en"G:L'hi~o,~, He ,callat4Cb~ t~, ,CQol,t $, 
.... .. . .. 

pU't'")?osive in.divld~:l1; ~e ~~ ~~ (-the l)~:U~ ~-V;~~~J :lo·l\i:j iiu.r.1tQ$e~ ,:.;m"l -the 

se.t 'of 'things he can '~pd~ ~a ~. teleolo[!lcal ,c;:l,t\.~a.,o 

It, G vTe nOl~ o!;l"¥-,' to, e:tpllcate, the ,:n!;eP-Jl:tn:;, 'f(:l:te.'"LeologiC8.iL e?-.aGg~~l l~e p~ee:!BeJ.y tJ 

-CfJ ~tl.umng "to ~ mOl"e :eQ~iL ~ t~~~cr21. ,~~~.$i"~~L,<nJ. o~ the ~~ 'CD.Ut,.sine~ 

of ·teleology" Func~~-:l, ·~laS~es'~, ,h~ S~Y:iJ:1: ~~' ,~~~~d!~: ~1>' ,'?~ cn:ti"':I.e~~, "bh~t &1~t) 

S;L~ke : "r.t:th :respect tQ:~~h.!::;b~ .ln4oduo~~1on :q:f a ',c~:3.n.; :@~~~3."o.Dutt" !:Yoxe: l~~c:tfJ€~1y" 

. ; .~ ... ' '. 
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fUl1ctional clssses can only be defined in the framr;t-Tork of a. cause-effect 

model in llhich 82pec'ca. of' any time-slice can be individuated and identified" 

R-Jl entity A, in a specific regiOll of' any time slice So' is e. producel' (£ an 

entity B in ano'tiher time al:i.ce 81 , if it aatis:P:1.cs three conditions, 'uhich 

e.mount to ae.ying that So precedes 51' tba-'Ij P. zmist occur in ita l'egion ill 

So lit B occurs in its regJ.oll in 6J.' and that A and. B are pl~oper subee'lis of 

So ~a. 8J. respectively. 

It ia clem" :In lWllY co.uae-eff'ect models i;he,t ent:L-tiieo of qui'(;e different 

kind CG'.ll produce the same Id.ncl o:f an end-1.Jroduc'&. For eY..sIII9le, many computers, 

once t~ey axe l"unn:lng, are -,,:ttmUly cause· .. effect system.so Some i'Gems in the 

ll.1.0mory r;e:y be essential for SO!l~-:' la;eel' result, so th.'?t Singer's condit:tons 

a:re sl1 ss:tist'ied (e.s- J if the i-t'iem does not occur in j:ts special :i,--eg:Lon at 

-time to' the desil"ed resuJ.t 'lnll fail to CCCtu· at 'C
1

) - The :ttem is -thel'efol1 e a. 

:producel~ of the resuJ.. t. But; so are ll'..9llY other items in the computer's m£mory.a 

NOvT :t:r one concentra:Ges on the proo.ucer-product reu,\'tionsh:l.:p end forge'cs a.bouh 

the d:.lff'erences in structure of the 'items, then one -Wrlnks of i;he :I.temr;; as 

f'unc"i;icmel cla.sses. 'I1w.t is, aJ.l i'Gems 5..n So "'tjb.a.t are essen-tiel '£or an output . 

in 8
1 

belong to the se.me func·bional class. 

Singer shOH'S hO'l-T one ~ effectively relax the cO'~d:L'i;ions tjust sJ}ccified 

for the definition of f.unctional classes end thereby speak of entities ha~rlng 

a common Eot~tj.~ products. This is done by co..u:ri:t~millg 1ri thin the model tha.t 

ocma items 0'£ a. given st,l"ucture have pl"oouced a. spec:t:?:7.c product in B giv(m 

type of envil'onment" and GOES have noto In 'this case, all itelTJS of the CJ.as13 

are sa:td to be :potential producers. Furi;hel'" , Olle can In"\ij.'''oo.uce a met:cj_c :tn 

·~he classes and describe ·t!lo probe1):lli'cy of proclu.c':~ion,. Also", one m.a;y 'tfan-['; 

-to define f"ul1ctional classes (e.g .. , a. machine IS outpui~) :tn 'c:~r.m.? of t.'b.:i.ngs 

th~{; are C01mI:On pl~ducts of one pI'oducer. 



5. The ~ns1on of the definition of fun~i£lll to teleolo@!. 10 fairly 

stra1ghtf'ontard.. Suppoaeiihat some of the elements of e functional class 

that could·.occUr in· en enviro~nt are the output Of one ,individuaJ.. If so, 

lie call the· 'potential outputs Itmeans 11 and the COIrilIlOn potential. product the 

Irend. n' The special elemento ·of ·'the. functional. claas are then alternatives 

rele.ti Ve to an end-product. In this case vecan call the class 8,. teleological . ." . 

class" and theend-p'roduc~ the purpose. Sinee all ~era of a teleological 

clas's m:epotentiaJ. products Of' one indiv.Ldual·
" 

they are fuuctiorJal in two uays: 

as cammon potential. products of the same producer and common potential producers 

of the same product.. Next 1 we note that 'tIe need not restrict our attention, 

to· one· potentie~ end-produet. If ve conoider' several, then the teleological. 

class 'is' defined.in terms of several. endS •. But 'tla also want to main'tain the 

same sort o~ e'm,e't'ric that "t:ias developed for a. single end. In other '-Tords, 

lre want all teleological cle.ases to be ordered in t~ of ,a, "more effective" 

relationship,. Perhaps 'the simplest 't,Taj" to accomplish· this i6 to 1-Teight 

the end produets and· develop So metric from the· procluct of'· the ueiBht 
','II 

probabilities • 

. !Lne i:!y?ortant point in 't-Te1ghting the objec"1;1ves, hutd'e:tler, is that the 

ue:tghts be functions of ·soma property of the indi,\,,;l.<lue.l 1-,ho can preduce 

the alternQtive means 0 Specifically, t-le shall nant to say that the 

wai~ta correSL'ond to the :individual.'s nint~n·t,ionsn or "utilities" 

or IlvaluesP 'I~ this case, 'V1e can speak of the individual as a purposive 

entity_ , 

In, sum" iteleological class is a set, vmase members have a 

c,ommon p~duc.er:J ancf a co:mroon potential class ·0£ products and can be 

ordereq. by' a, relat;i.on "is more effecti va than" n ·lihich depends on 

the properties, of t.~e common producer as wall as the probnbilities 

of productiori~·"'" ,", 
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Thu.~, an en:t:l:tiy is teleologj.cal by v-lztue of the fact tlw .. t other ell:l;itj.cs 

could '~X1.· do) OXl.3·i:; 'that might produce the same reauJ:to end El1gb:t 'be p;~o\luccd 

He poatule..t(~ "chat ays'Gems ere teleolo[~ical cnti ties.. ~lia me'?l1S th2t ii' 

6. But; not ell teleological entities e:re sy:;rbems. The (1if:ee~entia't:L'Ug 

toge'bhe~ fol' the f3a.1te of the uhole. Hence 1!e postule.te ·chat a. syz.:rtem. COl',lsi13ts af' at 

lea.st t't>fO ·teleol~ai.ca.l IJa~"'ts; the effectiveness ~aOUl"ea of e.1l r~'1.1""to, i:? 

all the ~ta bue 0l'W is held :?ixed, then -the effectiveness f.-:r.J: the ays'te:a. 

3t~Vj~1;.ll!\~Y cC'!!tf,le'toly cilaDge if .anotho;c' Y;!".l'1i is e.hnng~d: ·~ht:l ~Jll1k o):iieZ's jJ£.~y ~e 

rtm.(ri;:!cno of' the 2.t~tO o:.e the Jio.l1iO. 'Elia cons1dcJ;"{:)#1iion is COXltlioJ. in 'tihat 
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Consider e. set, of entities" 81 , 82 , etc, all of 1-Jhich (~re members of the 

seme teleological class S. 

Let r,~, ~12!' --- be the, ei~ecti1Je mes.sures' associa.ted lrlth SJ.' 8
2 

.-~ .. re-

-
Let the :relf.'.tioD. P frliand for "is ,pa....~ of" (p ;I.s b:Lna..-r-y, a.s~1lll1le"tric, 

tl'a.nsi'cive, and its d~ is the set ar all entitieri). 

S' is a. class of systems and (~ach 61 j.n S is a system if and only if for 

every 81 there e::nsts a. set of a.t least t\;O ent:i.t1es . t s~} , such that ) 
j J -

(a) ea~h 8iiS a,~mber of some teleological clcsa Gij (b) sf is ,L 

perl of' S i for evel"'Y j; (c) -there exists e. val~ia.ble y lIDich taltes e.G 

its Vl:-tlues the measures of", effect:t veness of' the mem.'bers of S, ol1da 

v8xiable ;:c 'l'lhich ta.kesasi'cs -\fe.lues the measure a? e:t'"'f'ectiveness of 
j J 

5
i

, such that Y is a monotojJic nond.ccreasing furl.ctioll of each Zj) and i()!" 

some values 01: :1!:j} Y is a monotonic incl"e~~s:tng function of x j " Hence': 

(d) a SYf;)t~l1'L. 8-5:- has a nla."C'lmum effectiveness !.f,} in S if and only, if e't.fe..7f:!I.".", 

part 118.6 1nEll:imum efi'ec·civeness. 
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In other uords, every alternative system 81 is made up or teleologice~ 

l'9.:!.-G8cond:ttions (a.) and (b) ; one sys"liem is more effective "than another if' 

ita J]M""ts are mare efiective [condition (cU .. Hence [condition (d)] the DlOSOC 

effective system has the moot effective pa-~s. 

If'tfe think of system,~ from the dcsigll vle~l7;oint, then "che designer can 

be conceived as spli·tting h~s problem. into subpru.~s; in each subJ..:art, he sel·acts 

one out of e set of chqices tbS.t (he hopes) "rill do its taslt as "{fell e$ possj.ble; , . ~ . . . 

he then puts togeocher the pal. ... bs in such a mannel~ tha.t Ol7cimal llel'i"Orm!1.ri.ce of 

the l1hole is attained lrhen e2..Ch pro1i fUD.ctions properly. The difficult problem 

at' system design is to s.c~ooq>lish this rel::!.tionship. 

It is D~SO :f..m!lO""~3.n.t tp consider the :inlplied closure condit:J.on ill ifue 

definition oJ: bot .. b. teleo.1ogic~ classes and systeI:lSo A method of ra.'1ldng 

teJ..eoJ.cg:!.cal ~tit1es is ~tO be va.lidated in tenns af the intent c~ the clesignt~j.·o 

If a g:tven ms"thod l~ves out sa;~ critical aspect of ·the sit~tatic,n, then it 

c.anno~t be cODstru.ed as .ral~ prollel·ly ~ In oi;he:," 1vOZ-O.s, th9 renki.ng method 

must be cloied 1J:tthrespec·t to the individusJ. and his en"lr.i.rol1.l!t..ento The desib1il(~r 

o~hia is possible is a ma.·i;ter of fimdw.lelrl;a1 concern to the d.esigneJ.") and. 

lrlJ.l be the pll:Lnciple concern of this discussion of· the design of inquu';tng 

sy;.;temoo 

:if tho. ltcas1l:{.'e rsZ eff'ec·c:lveness of: the part is illdcp.endent Qf AGhe ate:ces· 

of the other. partsQ 

i. 
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MOI'e precisely, e pat"'li of a system is separated in a ueak sense if the 

optimal sta.te of the :part doos not. depend on the sta-ces of the other P.9.l"-CS; i-t is 

separated ina strong sense if the ordering of all its possible states remains 

invariant ldth respect to the states of e.ll the other p..CU'ts. 

llle say tha.t e class of system is lree.kly senal'able if it can be so described. 
, - -_. 

that a.t least one of the )tarts is weakly separated; it is ~p.£4-Y separa.ble if 

it can be so desc~ibed toot at least one of ita pm'ts is strongJ.y separated. 

An example is clearly required at this poj.nt, end production systenlS afford 

exaellel1t illustra.tions sj.nce they e.re among the most c&l'ef'ully studied system 

ue !mOvT about. Consider a. manufacturing system. One typ:J.cal itlS:Y of p;'1.l-ti tionillg 

the system is to bI'ea.k it in-to these subsystems: procUl:·ement, order processing, 

production scheduling, production control, labor f"ol·ce, inspection~ llackaging 

end distribution. In alJ. production systems with 'tmich I am fe.m:i.lia.r J nOlle of 

these parts is nepe.rated in evan a. "Teak sense. . T'ae opt:tma.l procur€m:en"c policy 

alliays depends on the way in uhich items are schedtu.ed, t.he optimal reduction 

Bchedul.ing depends on h011 labol" 1edeployed, all pe.rts de!lend on the extent and 

·timingof control, and so forth. Iudeed, moat students of prCdl.lCtion question 

'Whether rnanufacrtl:lrlng is ever a ~epareted:pa..~ a£ the 1ihole oxganization (e.ga, 

the opt:lmalman~a~tUl·:J.ng policies ·dapand oil the ste.te of· the subsystem that 

co-~tl"ols: 'investments). 



?:.:..~y m.oJ.~e "t.o e ~Jstem tlmt t1o:-eks uel~ectly a.D ].01'18 a.s the :~~Bt of. i~he 

lt0J.ieien l:emo.in f~1~~13.o Bu:i;; \ihcn the de:glqy:melrG iY}: l.o:oor ch~~nges, or -;ilie 

~'litetillB syo~em :la lllcdi:fied" tho Pl"Od.m:.f1i1on 33""S"Cem then bee.Q;:li~s 'tIomu than 

it was beZore it uno redeoigncd. 

011 tho oth~ heM, "CUO m~ assigned to dig a tl'oncll migb:h b(~ cmllJ:1.c1e:.-ce(1 

as {;,,, aepa:?ablc 6;/Irbenu 'riJhat vo::k ~:.eh o.cC(J~:lohe~ ai:!lIJly c.r3.f.i.s "to th{~ "iiC"Cru.o 

S~ Clyr..rt~JJ the;c, e~.1lcet and. store :.ltmml "CtaY elso lJe ec:n;~·G:~.:'1.~ed ~::; sei)OJ .. ~blt~o 

JUGO, a oysteo cleaigl'led "CO sol"""e pl'oblc:l;s in B :fco:.nzal :t'ram0troo:k WJ2Y be 

sc1tal'al>J.e; the OJ.~rt~..r·aJ methcd of solution of OllO ~:7Qb.leJJ"'l n..~y l'lO"t d.fjIi!~~t on 

how "the Q"bhej." :tr.i'o1'~eE.S ~e s!)lvoo~ . 
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~bel'DlS 0 Sl).ppooe ~e.~e is a ·t.eleologicru. class of ayc-rcenm such tb~t ror eve~ 

x, y ?t 'lihere exists a. correspo:nd:i.ng system 'uith t?..:I:"'f'ectiv~eS6 T{~~.,y}. Su.pY.OSi~ 

T (x, Y) is a con''Gin~ua function in x, y 't.n:~h J!S.Tti~ der:t-w:civea T ~nd T 0 

p • ·X Y 
F-l~, sUllJ}Ose t.b..a~ ·T.x is a :r.tmction of x only sn.d Ty(:2C, y) is a iunct;iC2l of y 

OIJ2.y (1.eo ,. T (x, ~) Cell: b,e expressed A(::!:) + B.tV).; vrhere A(~:) is.n fV,nc·tion 
. . 

¢ ~only 1 . .and B(Y) is' ~ f\m.ction of y only) 6 !l3.1~n the· class of systams is 

3~pv.rable into .tuo Pal"'ts " the one con:cl'oll:iJ.lg. the ~:1.able x, the other -the' v&1'iable 

ftmcticr.a. of a BErt of "v~~:uibJ.cs can be used to l'Sjlk the erfec'i:;ive:a~ss of a class 

a.t systems.,. :then· it· ~ be :l'elati"\l--ely eany t~ det.~rtllin~. trhether the ·~y.stems. !Xl."0 . . ~. . .',. . .' 
'. 

In thiB ~-J.rd.~!3 leBs'on to1.1e ·learned. :fxQ'iatha .study of pl·cdw;·cion 

syatems is. an :!.m,p.ortan'G one lJ~le:ti 'J'e to· ·theempiric.a~ . detelyilUnation as: 

the eff~'liiv(mess o~ l?YQ~e~,)and therefor,~ shouJ.iJ. be. ::e:lr]?la:!Jled :tn. ~j::e 

de'callo l'lhen l'iC e::{~.:tn13 a pr.OCUJ.4emen~t ]?Cl:tcy.,: 1re ~~.m&JJ.y e:~'[;empttQ 

measure some of: ~h~ r.~e~J.ep:h Pl~~pe~i'Gies of t~e ~!.ntem~ the way .in 1jiiJ.i.cll 

q.e:;;-oods C~· into .the sysotem, the lra:y ill llhich r.,~:p~~s. va.~" the cost.acrE 

~nd, 1:02." ex.o..mple, is -the consequence !:U.' policies of the producd:,:..ton 
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items· is ~ part" j;he ccmsequc~ce .of' policies of investma."lt af' the fil'-llo .]J~­

·tlletJe. pOlicies a£ ather perts of ~~l1e system Cell be vn:;.~.ed; in f'a<rt they w:rterm:tne 

-the efi'ectivcnef.?fJ of the J]B.'l~ 1Ti"'c:;h 'i'1nich they e:.~ associated. ils a con-

sequence ,any Bo·~~alled opt1Irat policy al -the proc:u:~~t?meil'~ sys·tem is enseTced.· 

-'0 be .optimal only .. 'beca.v.se pne assum~s the:t the. athel' relevnn"t; :policies 0"2 

the other l'lD.l'Viia are 0]!l;-i3!lJlJ., In oth~l· lToxdG, the !!~ccuxemen~c. systemts 

e:r:recti veness is mea.sUl~ed in, te:r.ms of oIche effec'c:!' ve:a.ess of the o'liher :gm."'Gs 0 

In th:i.s case, 'tie infsl' that the proct'lrsmen:G e.c·ti~1:L;y is a. nv.usepal'able pszt 0 

This example c~ be generalized into the follmdng Iirinciple of 

nOllsepe,rability: a. ~t is nonsepru.-able i:? :tts effect1VI?.neB3 :ts measured 

in tcxma af ache -celeo1.og:i.caJ. Pl"o:pcZW':;:tea of othel"' psx'ba. 

It seems clear "'chat seIis.rabili ty is a deairoble prOllerty of systems 0 l'1e 

can t.hercfol~ sl,tmnal"'ize this discuElsion of t.he natw.ec:f systems l,y nct:L:ag tHo 

:t'tlP.d.a.m.ental ]!J:oblew.s of "'che systems designer: to :t.dentii'y the parts (ioeo, ,to 

define teleological eri:t;j.ties ouch ths:'G the system eJ."='fect:tveneas is a Irouptonic 

:f'unc~ion of the :99<1:'(; effectiveness), and 1iael"C';! possible "tio deSign -che part so 

tha.t'it :ta separable$ 

Ue shou:'1.d no'ta ·G.-ltat a system 1'W:Y 00 designed. 0..0 '~110Ugh on·~ or more par'GS 

'tfe:re separable, e.Jld. ,ope:t~l;ed in th:i.s :m.rume2' un:til "the' aepal'ta'i.;ioil is no longer 

feasibl.e, at; llhich po:1n·t the system· is redes1@'lnd.~ This, indeed; :t~ th~ nattu:a1 

iiW,Y "to regard the· se'p.e~cion. of ~arts) bYrr.~3J-:ls, of. !.'ni.ane.gc...:ment by c:£:ccpt.:t021o II 

In '~he end, lTe shall return.:to this "type o:e deS:t@l~~a tl~ to :make ita ma~~ 

ll.~ ,exglici"c 0 
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o:e inqub:'Yo We can ap!~oach s. little nearer' Jco i;ihe prec~.8e de:f'ini-t~.on cif the 

. "the evcil.'t i':he.:l;· i6 wldt.~ratoott is in scm~o sense l'>edundant for the JJndcZ"atrrnitlng . 
. ':'~ ...,- _" , ~.' - .. ~.... -.- _ :0""'-... " --.... .... .- .... --.. ,~ ~-. -'" . • . 

i:!el"SOllo And fine~V' t.his suggests that the a.im. of" inquiring syatenm is to 

:rnayimize the:red'l.ll.ldf".r.ncy of" e~\~ntB C> The6c sugg~stions are all tenttllizing, and 

requ:tre i\1rlher explore.tiooo For the' !ll07.nent, though, "tIe s~...11 leave. -the ~iili­

-'cion of in9~u:.t:ry in thifl sug~Gtive form, in order to discuss 'the na.:'Gure of in­

quiring aystemso J:n the ar.dJ'tfe ah3J.~ have t? come.~~k to the defiriit:i.on· itself 0 

. 80 The ,qu..eB-~ion of this. papar is: to llhai; ext(~nt eesn inquiring syatem.<.> be 

desigJled. ulth separable parts? 'tole begin by cQIl..s~td..ering scme tradj:li:tonaJ. Sllf.rtfers 

1:;0 the. questiono T't-TO schooJ..s of" thought that chaI'B.(!'berize l'1errtcmscieD.ce a::1.,~ 

t{~J i.;he rationaJ.1st: "Ghat it is poss:tble . 'GO think cQrrectly, en.cl (2) the 

emp:trist: -tihat i'l.; is possible to observe objectively. But these ·tro.c1j:hions 

~ also phrased :tn. much st14 o:ager terms by some sCientists, namely, thai; thinkir.g 

eJ:J.d/ or cibae.rvation are 'sa:pareble parts ar aDy -sys·tem ae :U1.qtu:;:y 0 

~~ru.C!:t£u lloj.nt is no'i'~ tha;t "think:I.ng or o'bse:l"'vntion roo:y fall into e:cJ;or; everyone 

:J:eco[g'.lizes ·this possib~.lit.y 0 ~e positivist poS:t-tiOll is tha"C it is possible to do 

-hl1e 1.)est one can ldt.l1 sa~ a.cta ·oJ: thinking or obse~l.ng 'ttlthou:li ha.ving to be 

concernecl about '&he uses to 11hich one IS thoughJGB end observsi;ions Bre :put, ar 
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llhiloaophy tha-";j se~nm "to argue fOI'scpv.rability ai~ illquj.l~Y'; it 'believes "bhat 

a concep-i:i can be defined l-1ith llla."'C".tmum ef"£ec"tiveness by specifying a se';; <if 

opere.tions independent of t,he use "GO 'uhich "hhe reBul-'cs ra.a.y bs !JUG OJ;'" Jche method.s 

by vThich the l"'co'l.uiis are ccnmmnica:i;edo 

If' one believes in "the sepal'abi1ity of obscrv-ation.1 t.lJen ane cen ur8'UC 

thv .. t althou..gh i;lle nonricientific poli~i;;1.c:Lan. Ea:y say to the scien'tist: ":l:t 

:l.s too baA. yov~ :malce th:1.s obsel"vation toiL.V, hecB.u.se eo:, a l~3ult you l:~li-e dis­

"'.;urbed the political scene and I must tli{ to lil'eveu'[; "t;he l'ecu,:':reltce of yow. 

e.ct, II the ~lcieI.l:(;ist can sensibly l.-eply -tilie.t -'Ghe oiJ'ser\ration 1roJJ rr£i:!.11 

rtcorrect" II Even thougjl the ac:tentist dies" he liaS co:~ect, because 011 the 

basis o:r the se:0;:rability ae obae:rva:';;ion, the ac't of o"bserving con ·oe pal"'fecteo. 

in itself, and its ve~ue does not~ depend on the il!3tmela. in 1:m:Lcll the obse~;Gi~.l 

repol"'t is recei"t.red. 

NOtT 110 cne Q.uest:tons t~:h inQ.u:i.l"'lng. sy8tem~ Cal? l)e. designed· :ill.f.1t\ch a. 1,re~y 

that the choice of one pa.~ does not depend on the choice o:J? t.lte .Cithf..~1·8 0 !.the 

question is uhc;}'cher an :tnquir1.~ system ~oc1eai~~~l if)· ,evel".opti!nslo If one 

i"asists tha"l; a. dirrtinctio-:l be'1;!-recn observIng and the· ti.Se .f£ observatic-<l1s must 

h~l1laa.c J then (m.e has ltre .... emp·teo. iiheresj?onse to· th:i.s ques'cio!lo 

:Be.foZ'ecOnoidel~:lll:3 thi$ qu.eotion ill more ~ta.il, ~;c tU:~"n f'izst to th0i:3e 

"parGs of any inquu.'illg. $ystem. 1ihich no one believes, s!'e separable and -the 

J1l"opa:£" designs af l1hich o·ovioua1y still elude US,c. 

9. In Ol'"der "co discuss these p:r.o1Jlerr.a, lre. tl~Y .:~O present one. J?~'i;itim1:i.ng of 

a . zystem of illqm_~y, '"\'i-i-r,hqut -thereby claiming its, r;u:9:;!riorl'GY "to othcZ' schem.es 0 

~;!.s. <;:me has -[;he ~d\:"e.ntege, ri;hat it sc~ms "CO :fOJJ.O}l a logical. sequ.e:a.cc 01-

steps ~ ~1.tt -this advantage may be IT!.usory J ct2 cot1.rseo· 
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JJl2Z'B"U.e: ioGo; .defines thp problelI'r.;a't"ee; 

~"li. 3 .s:pecifiea the probl~, i 0 e., C1~a;~es a· ntOdeJ...lrlthin ll11ich the, 

problel!l Cell be def.irl9d (-the m.odelart.e~(). being· exprcsE;etl in· So :fo:rmeJ. system; ') 

Part l1- detexmj.nes the J.og:ica.l connequences of (the'orem:) of' the· model; 

Pa1:G'· 5 apec;i.fies lY~~~ t1q.ta,.al"? ~eqtd.rea., .. in. lfu.e.t :eOl~, ··co VInet degree 

. or :preciaioll;p, in· 't-lhat:~OUll'~; 

Pt)rt·6 specifies ha:.v-.the··cle.ta a;...';e to be .collected; 

Part r
( .collects the. dai;a·e.ccording to·.thei."~qllil"e~'rhfJ~ 

.Pa..~ 8 transmits the ,da;ca ·to.u .. central point; 

qVicltly -thata~'"i!e 'CJZ ·theathel~ pg~ta axe not se:pal'~ble:, and indeed. -t~t theu .. 

pro!!?r design is .s~.;ill an: .'~~ol~led problemo 

ConsideI', foreJW.llll.l)~e, l?m .. t; 3.0" .~e ps.:t'ii. of iutJ,1l:U"Y -'Ghat stores Emd 

perso."1.8'~ memory and 't-;rritten docUI'ilJ~nts ~ Tod.a¥, lfe all ~:ea.l:lze -thet .'Che probl0ID. 
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af storinS and ·l'et~iev:tng info:L-mn:tion ha.s become serioU3 ana the:!; 'chen\U1l.1)e:t', 

of .sJ.:te:nw:tive desie;tW is "V"'eT":1 large., 

If 'tfe "t'lere to ot~c; from the 1:?eginning,. 'tTOulrl1fc build l:ib::."a;rieawi'bh booko'l 

l1cniLdlTe publish jouriwJ:s2 Wotu.d. lTe hold ~~e'Ging9 trl·th, J)S.;£lel~? Uqrude4Ch 

scientist's stuilv be :equ:I,ppsit 'trlth push bUGton panels tht\t u()uld. call. up 'Hha:t 

he need.aa. to knOlT on a t~le\l'"ision screen'? ~1he..t forr.'l· 'ti'c,,~d such :tnfcnE.-tiic-n 

~ke'l Bu:~ hot,y would a l"e;j~:roher in su.ch en env.u·onm.ent lmm'Tweu to· l"equest 

;In:?m. ... .!ltStticn'l 

"tbat the reault:!.:ag ineffi.ciency ·w~ ·be cologs~l~ 

.In eJ'J:;f evczrb, itse'e;'";d:G" clear ·tl:w:t .informe.tiOll·l'~tl·1e"-n1 syst~ eJ:e. ·not 

aopa~ableo For ~le,: :the opi;;j1i!~fll infor~t.ion '5Y'~t€:ll1 depends On hCf'>7" t.he 

resuJ.~lis al~e ,to be USed: (PaJ."t n'), as "rell es "the fOl'll1. of "a;he :results (Pari:; 10) 

and 'iineil- s'c:euctux'a (~xt. 3" Part; 9)G 'E.lifJ assertion aeems cleD.)." if 'ive. conce~:lte 

of j.nqu.jsl.llg ~ystems ap "'.!eI"Y lo:rge.. For: 'l;he 1.iiiZ'ia being, ue sheJ..l. llml.fij ·co reserve 

jur~llt on 1jihether.c.ercf),:tn types of' inquirJ can be sera.re:ced f!eo.m. "the rest of 

1.1:; t~dilSid.e2· also P"dl"t 1 "1hich cO'll1d, be callecl the :t?ar-t cOllce:rn.ec.t ,11th tl1c • 

POli"tic&i ec'onoroy Of' scienceft Science hs.s e politics, c£.- ito oun, and it.s 

pol:lt;tcti]. nc't;j.vi:ties of"~on CC~ incon:f'J.ict ui'ththc :gol:J:bicfl o£ busip.ess and, 

of .e;ovexmnent. v:e sC'.z.Ite'l;:llnestend "to think. 'Ghat the }!olitics of s(~ience :i.s 

:gCOt1.j- .becaus.c I sU:p:Qoae,et~~'1Oi.le lre.n.lqs aor~· knmtle{lge. and therefore· the . 

. :pqli'tic8~ &c·civ:lti~so:1?·th9se ·l1110 e.cqu5,ra lmo1rledf~e f(jj~ man m~.st 1)e sO'l.lYld<l 

ElXt; . n. 1.1 ttle mOl"e hon~ai;y leeds us to suapect that ime~c~ in lrhich SOli:~ ztJ..en . . 
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the· beat l--esearch for the deveJ.op~nt of science-il Here e.gain there is a 

diffe:ren.t 0 In f.myaan~, the issue 10 'tme-the:!."· one . 'tfarri;s to argue that it is 

-the political probleD"£ that such a. B~-stem generet,eso T'aat is, can "the opc·1n:~,l 

should be, :in order to be able to ~e i-co .l.~el e:r:CectiveneS8 in 'che system. 

at :i.nquil.~o If science competes mth o"'Ghal' systems:Ln enliatmen:t, then shouldn't 

~i;hc. liho~e higner educational system lJe regarded as EI. :{)ar'~ . ~ . scienc.e? . 
. ' 

12~ All these·~qu.estions can b~ made mQre d:1f:r:.tcult and their imgortence 

cle.az·or if l-ie ·reall~.e '1;hp"G .science is aJl instituf.iion devo·ted -to surv-lval" r"es 

programs $.re des:Lgned :for long range ob~ect:tves th9.t cSllllot by their .ns..t-ux-e D,e 

acc.caplished in Do genero:bion~. Hence, one strategic problem of' a. Gc1~nt:t:r1c 

st:ta::te& of sc1e:ace. is beqU2e:thing its 't-Tork to the next sen~ratio);).so. ~ha.i; is, 

This· :position lTOuld ~utIt to asserting -that rr1~acts, I: ·once obtained, CCJZ1st:.ttuiie 

Jm01'11~dge e"iJ-en -though no one b.asides the:tr d1scove~:,cr .t;:ver sess them.. ·~j.s;. 
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.uho do not believe ~tllet u{)lfld poll-tics. is a ·scien:G:Lt'ic ~.ssu.ao fu:ir o.:tsbclief 

in the ·CO~US of t~cienceo ·It· follo:·:s "tha:t. theytU'e 1.~1J.1ng to iJr~lude iu~l;he 

!MrJorlyof knol1'led$d n sC2?~e.tJse:c"ii:lt."tf!$ .about hc'trtho s~ote:w. oug.b.t 'GO UO!'k.o If' . ·th~tf!, 

much :Ls inclu.d~d,. -;;hr,m. i:my not. the x0s·t2 o.J. 1ihat b'isis ai~a we to dl"a:W- ·ehe·. 

boxdel" line bei.i'i~ll the in'ce:rnn~ atl·a:Cegiea of ac:tence and its exlicl't'ne .. l .!rtr>,at,zg:tea? 

~lore to the point,. if acienc.e :'-0 taken to be £loU ing).lir:.i..ng sysi;em.,. then 

theseac;"l;:1..v:!:l;ies :tn:co accov.:o:t, ~.1'ld d.eo:i.gn e. . systa'l. of' inqui...'7 in Hhich i!l"i;;el"lUl.-

tiOlioJ. :policy -rr~]s:'i.nz, is. a p~2 ... to· llie q'V .. ~g.t:ton is: l'jhich ~t;p..:i::-!m.tiv,e prov.ttles 

a. better dSs:i.gri'? 
One might 'i:epJ:y that "ire don 't ki:1011 about in~Ger.l1t;:.tiollt.~~ poli-'~ics 0 J.h:i.s 
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StilJ., ev'en. i:e those lTno 1ftlllt to kee:ti science pure mae illogj.cal,? ciean 

and . uarlcl. politics .a.:r~' ragarderl.to be sCientii'iciso'l.'!.es, 'then ·the ~~te:Ct.1B 

,- -" ....... '- -.. ,~. 
" 

·lJ.:ne second o.iff'erence isreflec~Gi ve·. I said. abm:~ -thttt mcs-G &lciel1tis'cs 

1-rou.ld place the logic: of ;W9"ui1""y :j.n the co:rP\Lg of sciezuleG Bu.t I '~hinlt that 

very fer; of 'them have ever. ':;ried to check this logic in the same s~nse in 1Jn:tcn. 

tihey check dis.carre.l"ies in their mm :rields c. The valii!.a:tion of -the 

~ogic oi inqui1"Y consists in sharling t-h.a:t cel"iiain ru.rtiv.I.t.ies caJ~J:ied 011 

In. therer~:t.rio..e:r 'althis :gape:!:" I lmnt to cast; dOl.fD'i; on the oper.a.tions]. Ic::('­

fec·1;:i:venessof S~ of" the :tr..fulished accoun~ts. of -the logic of ing,.u:L:ry; :'~edoub"c 

"'trill. be based. on Slleculation about the system of science~ Specifically, I 
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At the outset we need to def':tne uobseJ:1Ja:t;,:f.on if • 'me conceyts cf pI'oduction 

and ,purpose 't-rhich have been defined eerlic:: 'tTilJ. be useful in th:tf3 regr .... rdo B-:.lt 

before el)te:ring inJGO the technical details, 't"ye ought 'co ~\ke (\ cllotincticll 'be­

tueensensing and obse:rvln,gOll 'l1}te distinction'is bc.sed. em the noi-;iou tha:{; seil-

Dation is a:Lmply a reaction of s puxpoaive individu.q1 'co aon:ething -the:l; is 

occtU'ring in hisenvironmen'li, ~Jhereas obael=Jation en-'cails other prop~~ief~ 

as '{;ellOl Specifice~ly ,observation entails the reccl~ing oj: the aenso.;i;j.on, 

uhich seems to me~,..ll the txansformat:lon or ·lihe sclltsatio:n. in,to liC7l\.~ entity tih:lch 

11" :18 tl~J.e if {a.} X is ':~' teleologicw. GU'(j:t'cy in N" ~bl Y is on entity :ta 1~, 

(c) Y p!'oduces e ,ChS.llg~, ,in tl?-e, , 'behG~vio!' of X. No2"!LtE'lly; lTe should a1ao 'l'mn't 
-: ......... : .. 6' 

to a:p-~c:1.:fy that X: a ~ea.ction is 111L.""'Pc-sefu1, ":1. .. e. J can be cOlls"'t;l.~d <1lB a. membeJ:' 

of a functiooe,l class. 

It seems cm.ii;;e clear ths'(; ,X can sense :f vl,thou\i Ifknmrlngll thet he gens'as -:. 

it, although an ooseI'Vel? could knotf X's senss;bio.."1. Conac:tou..snesa is !lcd~ ,~1. 

necessary condition for sensation 0 

ou:e- J/m"pones. i\ thermostat" if' conceived as a teleologlcv.l er.rtity: ha.s sen-

the 1:eco1:'d is e pr;:~fect copy of" "'Ghe· sel'lSG~ticn, because -th:ts is EI .. 'tch too stl"Ollg.; 
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can l'le Sa.y the:1:, the record is merely something p:eoduced by -the s(-'Dsation3 because 

th~s is much too 'treako The sensations of -the ·l;eclmicia.ll p:\.--oduce ~y things in 

his llervolls system that 1~e 'tfould not lfel1t to regard as obse:t"'lrat:i.ona 0 

'Ehe concep-I; of a. record Qeems to requi:re otbe:r ellt1 tj.es i!md pl'o:pelyt:tes 

for i'ta meaningo 'rae clue seems to :reside in· the idee. thi;~t if e .. recclZ'd :is kept;:; 

ofGhen someone rr:ay go ::md examine it, llnd from hiacxaminie.tion in:rel" that Buch "'~l1d'M 

such ·an ooservs;'cion 'VIas ma.de in such-and-such an envlro1J$~!ntc Hence J'X observes 

Yo in ]I" is "true if 

(eo) X senses Y in }E'; 

(b) XIS SGDSe.t:J.on pl~odu.ces in N an entity Z v111ich €'Jd.s"GS in acme later 

I 
enVh"om11211t 1'1; 

(c) Z in m' 1}o·cent1a.lly produces in SCf£l!e 1~ a belief "bh;9.t a aens8:.ticzl of' 

1Stren 'chis def:lnitionrequil'es furthe:: consid.el"at:Lon to m!'l:e i'G s.s:tis:['ectorily 

l.eas ~technicolly as folious.: en obserw.tion entails both a sensatiO".D. and. thf; 

IJJ!J.,y he used to infer the OCClllTenCe of the sene~:~1.cn .. 

if it does not "col'resJ,!olld" wii~h reality. But -the. tes':; of th:i.t3 COl').'OS}?o.-:;la.ence 

lies in. the pUl"Poses of ollie tes·ter 0 In other 't'rords 1 X f a tiense.tion if J accu.rate 

if his response serves. 0011la Pll-"'1Jose very llell, end is ins.ccurate if :~t does nota 
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varying degrees of effectivenesso ~'he problem of the design of observe.tion 

is t,o design the t110 stages so as to IJl!l.Ximize their ef.fecti veness. 

In th:J.s regard it j.G 't:Torlhuh:i.le men'cioning that elusive concept called "fact .. rr 

Facts e.re simply maximally ef:f"ec'cive obsc:nra'~1ons. The concep'c :Ls elusive 

beca11Se no one he.~ a very clear idee. a.bout 'the px-oper design of: ObSelYln.g· 

systema. Q-l'.!Geu, 'the records 'themselves are "tisken as facts, 1'Tithout SJly regard, 

'for the or:lgin in sensa.tion or for their ef:f'ec'biveness relative to pO'tientie.l 

USer(i. 

15.. We nOlI e;m.mine some proposeJ,s for the design of observation by 

turning back some pe..ges of history. He beg:tn ui th J olm Locke, 't-lhose ~~y: 

~erpinffi!!~ lli;der£!ta.p.~!! can be z-ead as a proposal for the design of' an 

observel"0 The main idee here :i.s -to introduce the conce~9t of "objec'ti"\l""it,~r" 

into 'the obsernng process, and the central pOi..'rlt .a.boU't objec'i.i:i.vi'cy 1.8 that the 

obser~er does not Ifadd If anything of himself to the sensation 0 FOl'9 example, 

the observex does not add his O"h1ll preconcep'cions OJ.'' values. .An observer 1f110 is 

conVinced tha.t someth:Lug. is true) or au obsel"ver wa.nts sa::nething to ~oe t:~..te, ID9,Jr 

read hi's convlctiollS or his vlishes in'bo his records.. Both observers arE': unon-

objec:ti-ve" If The pr<?blem of ctesigning an oosel."'Ving system is to captu.'t"e this 

no'G:i.on :tn. a suitably g\?~e:r.aJ. form. !:Tou a.ny senaing en-'ci'cy will put sam'a-ch:tl1g of 

itself 5..n-~o :t-ts sensations; this follo"(TS from 'i;he meaning of sensa.t:ton.. \fma-C 

CF.ae nught try to solve the problem. 

'by thinldng of a 'Hhole c~ass of obsel"Vel'S of Y in N, and by saying the.t "bhe 

"objec'cive" caml10nent . of. the~.r responses is the commqn class prOd1.1Ct of ·the 

responses.. T"D.D.t is, 1Jha.t is opjective about my. sensation :i.s 1lns;G my sen;3a;ciol1 

has in common 'tnth all other sensations of other po'tent:!.al senne:cs of. Y in N.. 2.'lJ.1il3 

seems 'bo be the idea underlying the definition of objecti'!lj.ty in "terms of 

ttin-ters.ubjecti ve ag:ceem.en'c .. II But such a. notion does requ.ire -the detenwi n8:ti()~n 
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IndeeC'l, 'the number of members in 'the class see-ms irrelevant: i'{j is the 

queJ.ityo:f 'the cltg,SG t!la:t c01..n:rto. 

LocJ~ t s solution avoids, the dif'f'icllJ..ties of defining ·thf.~ clasG at: ,:!c~!De-

sentUa.tion. 

SuPPo,s'e that the inqu:i.ri!.tg system. cun establish 'the relationship 

"tihia rela:tioD.ship, obeys the pl·inCiplea of sim]?le oxdCTing.. SU.p)?one fur~he:t· 

tlw~t ·~here is a set, of sin.'l)lest sense .. tions. FineJ.ly, suppose tha.t an.y observa-

tio:n can be a"q?l'essed as a. CQ"r.nb:!.na.tion of sinr.ple sensations. Then 'c.;e could caJ.l 

-the simples'l; sensa~'I;ions Uobjective" It us 1fel..l as anyolJser-vatio!l 'that ce:a be 

reduced to a suitable combination of simples'c sensa.tions .. J .. 

,Loclte gives t30l'Ue }11nts afij to hon an inq~~.il'ing system migl:rt accmupJ.ish <., ,. 

'these r031)J:1;8" I'c mus'c have buiJ:ti into it a IlaTI'er. o:r: reflection that ons.oles 

it to a.ns1Vel" certa:tn 'questions abo'l.tG its :responses. Thus it call al'H'ays ask for 

the breaJ.cdo't-Jn of a sensation into its pal"ts} and it aJ.'frays receives reliable 

replies -co its question. For e.."WJ.1lple, :L:r it sees e. yel~o1" sque:re, it Imrn'ls tha:c 

the sensation is made up aft the sensation of yellmr e..nd 0:1: sque~ce 0 It knoviS 

~ha-G the first Pal'"t cannot, be brolten d01·;n &:ny fUl'ther J and is a. simplest sen-

aa'c:Lon; 'i'c kl'1011S that the second Dart can and is s .. cambina.tion of e... seX),;3;;l.tim"l 

of (;:~'"tensioll and o:r cCffi!.'al.":Lsono 

The reflective !lOl~-ers of I,oelre' S obser'ICrer are e1ri;j:~uely im:9or-tan't /J, extd 

vrl thout them. 'the system '{·[ould be quite ined.equa:te to serve S.S a collector' of 

facts.. T..he responses ·the GYfri;em l"ecaives to j:liS qu.e:~ies about i't;self eau e.lso 
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he enn percei"'le, l\Jetm.n, discel'n, combine, etc. In genexta1» he ,·Till :aot 

be able to obeen-e hOlT he does these -things a Perhaps Olle o:f: the :m.ont mo.· 

po:c'baut ·i;h:i.nga the obsel-lver· is able 'l;o do is to f'o:('lI'l h:ts oDse:r'vat:Lon i?1.t;o o. 

sen~t;ence in Gc'me language that has a. 'tiel] . def:i'.ncd syntoo; (:i.nclud.ing e. logic 

of !>zooposi'cional functions). 

One he.s no clif:ricuJ. ty in clisce;cDmg hou very difficult it would be 

to design e.. J.Jocldan obselTlng system. The chief di:rficuJ:ty, as If'.t~el~ histol~Y 

Bo:tnted out: is the meagerness of basic stl:ucture the:t Ilocke 1?ermjj;s 0 ~ifj 

meagerness is captured in Locke's O1'111 chara.cterize:cion of hj.B system as a 

'\rax tablet." In e.. 'Hay, this is an absurd aJlEI~ogy of e system 'Ghat cs.:"l 

·rru.l1t inputs, and di~c~r.fl, l"letein, ~o:robine, create sentertces, etc. Even so, 

the S~rB"Gem a.t times 1s CJ.uite passive in its role of ObSE!l."1ro .. tion. It can 3J31t 

i'{;seli' 'H'hether it has had B. spacific sensation and the l'esponse it· receives 

is highly rel:1.able. .It can assel .. t tha.t 'i:;he s:lmJ?le~'t sensatiOJl it has ("£tuslly 

had are Uobjec·~ive. U But i'c canno-I; melte sny inferences beyon~i the ca.pacity 

of its st::ucture. ~'hua, althoug.~ i"c CW'l a.u·c:tcil,.'8.te, Locke :rails 'co show herT 

the anticil'ation c~ be :made object:Lve. Hence, ·t;he Hfutu-ce" :f:or su.ch a. sys-

tem must be largely a D.\Ystery. Further.mOl"e, ·the system is so 1reakJ.y z'eflecti ve 

tha:~ it cc:U1..Ylo·t; ollerate 011 its 01ID pmo{ers; s:I.nce it cannot unc.1.erstand hOvl it 
dj.scel.~ns, :.i:t hv.s no choice j.l1. d:i~sce!'n:tng. Although i-I; eall nil1.:rully act "to 

l"e'cain (r(~cord) a sensv:'.;ion, 1.1(; has littlc! q.bUit:}r to cOm:]tf].re "I:~he eff'ec-tive­
ness of dif~erent reco~ding stl~tegies. 

O"thez- d1ffic1.u:t:1.es 01"1 Locke I s design. e.re apparent;: e.g., i:r the system 
can aslt quect:lo:r...s about its mm ec·tions can i-t also ask ques'l;io:!ls about its 

abili'cy to querfl Bu.t these issues need not conce::cn. 'U.S here.. !ns·tee.d, 1fe 

can r.,ass on ·to a d:i.ffeJ."ent kind of design ill 1-Thiel! the und.erlyillg ~rt!1lctu."re 

. ,-
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160 Y\Dll't'O inquiring system can dete:t'znj.ne v.ay it iu able to disce:tllQ It has 

built into :J.t e ltinematico, lihich enables it 'lio difrertell-'Giate objects ill 

terms of el~e and t~.nW 0 Jon c·thez· l1ord.s, i-'CB oose!"I!D.:tiona.l aen'cences become 

part of 0.. kinei.nS.tical thcOl'Y J e.nd. the cbzen-ed objenta t!lm!'efOl"c olley cer"Gaill 

1"2gular la~1S. Since the eenc~oJ. kinel:lmticel otxllctUl'"e :res1t1f:s 1.n 'the oys-i:;(~i1 

itself 1 it is e "a pl"ioX'i. II The obsel'"~."'a'~ior..a.l sentences oupply the detailn of 

this general atrncturt;;. l't should be lloted tha.-t~ Kant t;7,l-gusa that sucll a 

atlauci;\U"e is esseu'iiial m.-- else the catego:ries of "one II and "many", uhich 3.1"e 

essential i"or any obael'Ve.tion l"evort, Ol"e m~on1ngle1Js 0 Hence,. it is j.n.c()rTec·r, 

'1.;0 say that in Kan:'(i 1 G sYS'te!ll nobjec'G II e~"e uS'llbslEJ.ed" under ~l\, prlol"i J.a11S 0 P..athe:z­

an oOciect is cxeuted when" 11"1 '(;he obsel"v'atioxw~ pj;'oceso, an obse:r11a't,:i.op..al :report 

is generated from \-1ha'l; is "given" and from the a p~:i.ori stl.'uctw:e. The el'l"aat 

myste:t·y of Kant IS syi3tem is ."H{l..a;c is gi'tlen. The sys"cem cannot sensibly ask for 

:rUl~her o.etail on. th:Ls tlUestiou. Indeed, it Calmot even pose the ~luestion, 

because the pUl~ gi"tren (the input) .:cruulot be j,dentif:f.ed OX' :i.ncliv:i.clue.ted. Of' '~he 

Kantian system one can say that it observes aJld tha:c the· system t s stl""ucture is 

a lleC(~SSal"Y but not a sufficient condition "for the exic .. tence 0:( an obacrva.:t;:.i.on.al 

report. 

Tl'lere is one d:i.stinction oet'tfeen Kr),nt tU1d LocJ.te that is es:pecially important 

here. Loclte 's system can discern, bu'c it cannot Imm-T how' it does this. Kant: s 

system has the potentiali'ty of' anst-Tel'ing this ques'liion. T.ais is 1:Thy Kan:c felt 

that all objective science must be based 011 an a priori set. of principles. A 

system that emmot ask hOlT it acconrplj.sher:> 'Hhat it. does ml..'<.St leam j.nd,uc-tively 

about its mID stx'V.ctv.l"e. Taus it lea:i.\ls that objects obay ce:;:tain gc;ometr:i.cs.1., . 

Idnematicel and ntechanidal la1vs. But it has no· vray o:f: determining \-lh~~her these 

regularj:ties are a PaJ ... t of the scheme 'uhich :feeds its inputs, OJ.'" are a pa~··t 
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of its. mm nwl~eUJ.1.. Hence IJock:1.s.n systems are forever bese'c by the problem, of' 

aerif.:s of inquirieso But. K.1IDt. himself' did llo't go .this. :?rxr, hcco..twe he \';o1)J.d 

~ot el.lmr his ayatertl. '1:.0 query. the oX':tg)~ of the inpuliB, 01° even "t;he m:L"litU"e of 

"'~he inputs. This iO, 01' course" Hegel's objection, and the e~'1>lo:ra.ticn o:f: 

his. ~p.CilnenQ.+qgie _ de!3 . fl~=!;stes is e. J..eboJ."cc1 t~ttelD.J!'G -Co see \fue/G an ~,:!lqU:i.r:Lng 

system :1.8 iike if it has the pOtTer of undersfu~ding ita o~m deaiguo Hegal' s 

1ie1.l knmm point is ·clw.-b 'lihe system's :proceclu.:t"e of ll'1Cl'l:l"lry must cons~.s·t o.r 

aett:!.ng ups. series of theses in such a fOl"'"Jll -tha:!; the contradic!to:(y of ea .. <!!.l. thea:L:z 

is supported by the i:,hl~sis itself 0 T.h:ts strange m~thod of inqu1J."'Y ia si~ill 

·to E.. A... Singer 0 1'1e hv.\~ seen. tlw:t in Locke's sys-cer!l thet:e is a. l1~?sj.1!.~.ony 

'.~ 

wi-iih respect "'t,;o the strt.:i1:tuxe ~t;he syotem i-iself' imJ90s~s C!]. t·he ooserJ'C.:tiona 0 

This paxaimony was c!!..1. ... .ciecl "GO the eXG:;:eNe. :tD. Hume~ and. later on :l.n this 

such systems is to t;l"'3' to. e~lain So lot on the basis of .. ··rery 11 ttlea p~dol':,t 

tiona are tWten to be. non-decomposable. In mcdeln pos1tj.viEm, these basi~ 



by the repox-t "A is green. If. it then c;tueries l'Thether this same repo:t·-~ oCCUJ~S 

evers' t:i.me the S"cimttlus is presented to a. system like i"tsel:f in this lq.nd of' 

an co"..rirCllment. If the e.ns't·rer is "yes, n then the sys·tem must decompose "che 

quostion. In. Singel'" s fOl'llluJ.a'tion, the decomposition consis-cs of finding a. 

set of propositions such tha:t (a.) each proposition implies the origL"lal 

repOl~, (b) each is a contrary cf the others, (c) the original report 

:i.ll.'J?l:i,cs tl:w:t at least one of the prollos:ttions is tl'ue, and (d) -the erLtire 

set can be ranked· by some 2,-elation. i'hus" let p be the o't"iginal report. A 

decanlposi~1on of p is a set of propositions P1 , P2, P3 ---Pn such t(it for 

every i :s: n, . Pi irup~"ies P, nPi and P
j

" is log:tcally felse, . 

"l' :tmplies P
1 

OIl P2 or P3 --- or P
n

, If is log:tcally true, and for 'uhich a rcla:tion 

R can be found sat:tsfy-lng the axiOlllS of Ordel"ing. In our example, "A is green n 

ce.n l)e decomposed into "A is light green, It rrA is plain green~ It A is dark greeno rr 

The systenl nOl1 tl"ies -to make a ne"t-l observat,:tonal repol ... t with the same stimult1.8 

and cnvirol11l".ent, in 'H'hich it is constrained "to -the decomposition. It 

again (!ueries for a.greement, un4 if agl"eement still obta.ins for one member of the 

decoro:positicn set, it se-ts up a nell decomposition. This proc~ss is continued 

until disSb.rreement e.:rises. The system nmT p:C'oceeds to do -1;1>10 "t;hingo vl.it.h 

these disagreements. l"G sets up a scheme -.roX" adjusting all obseT'J"s.tiol12~ ~epor!.;s 

to some s'tandaJ."d set. of conditions; t~lat ·1s, i'c accounts . for some of the dis­

ag.-t7een:-en:{;s in terms of timc-de:pelldent ta-tfS. If"' "the ~dj~ted net of observa;c:tons 

nov, all e.gree, a nell decOlllposition ·f'oll011S. If' they disagree, the syst.em applies 

an a.n...'"11ysis of' va:ciance; that is,, i-t accounts for the diS6gree111.ents in terms of 

random ·vr~rie,t:).on. If' -the analysis of variance ShO"::1S "no significan"l:; dif.ference," 

the ~:;ystem will assume that any eo priol':;' structure it he,s used to frame its 

observationa~ x'epoI'ts is se"tisfactory. It 'ttill continue to do this until either 

(a) "the snalysis of variance ShO¥TS statis·tice~ di.t~ferel1ces t.oo large to "Golcrc.;l;e, 
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or (b) aome alternative Btruct~c -eilich can opelate cCJ.ual.ly r,-rell is J?l~opomi'l .. ,,:rf 

the le4tte:co 3i tua:tion develops} the system seeks for ne\'1 d,;:cO".Jlpos:i.tj.ons 1311()' tests 

so 8,S to resolve the question as to uhich a l)riol"istl"Uct'Uxe :tfi correct. It may 

also neglect a proJ.losed structure becaUse of its comPl.:l'ootioll:?l e.lTl~w2.:rdness or 

tOl" some other reason. lfuenevel"' no structure Call be found to acconmodat.e e~1. 

'hhe ()bserva.t:i.onal cli:f':ferences) the system o}?er.e.tes '(·r.t th several contradictory 

ones until a. neH Siil'UC'Iiw.:'e is found. 

Singer I s system is only t1i1<Uy govexlled by the cI'i terion of pa:t'simony" 

That is , it ll1aY thro':'-' into the a priorj. structure a great d(~~J.l tha·t is 'no'c 

d:i.xectly l"ela'(;ed to observationa~ reports. It can. clwJ,lenge th:i.s e.:ffluence i:r. 

i".; call propose some stl."ucture that \1il1 yield e .. sat:tsf'act'ory analysis of' va.!':tance 

and ths,"c is in some sense morG economical. At any state it ';-1i11 accept s.ny 

:part of' "the structv.re it is using _~ "objective. 11 That is, i't makes ~o dis­

tinction betvreen -'Ghe objecti vit.y of observation and of the Ol"Y , simply because 

no obsel"vetional reI)ort by itself ever means a.nything. Some'Ghing'is a.ccepted 

as :re.ctually true by Singer I s system only vlhen it is 8. meJ1ibe~t.· of a seat of' 01)­

serve.tional sen"tences tha'c diffel', or follows from a set "tha-t q.:tffer, and wh:i.ch 

are adjusted by a. -theoretical s'&ructure. Singer I s system he.s no Itdi:rect II ob ... 

serve.tions ill it, so that i-t is not enibru."l·assed by its ability ·to il'ltrodu.ce in'to 

i'lis ,struc'Gl.1Xe "ihaJGever '\1:;.11 make it operate,. In psychologist I G -terms, it rnaltes 

no dis'tinction betHeen intervening and nOll-inte:rven:i.ng va't'iebles, since the 

t-mole stru.cture' tha;'c bl"ings about cons:ts'cency is as objec'ci"'le e.s an:,! :pal"t" 

~11.e sys'tem does, hOlleVe!', ha.ve some d:J.f'ficult decision problems to solve: e.gO) 

uhe:l:i steps to -1.;.;,"11~e lmen t1-TO aJ.:cernati ve theories both sa.tisfy its criteria in 

the C).l1.a.lysj~s of vur:i,ance, and 1.faat steps '~o t8.1te uhen no ·theol'"Y sa.tisfies the 

cl"i"i;eria. 'm,ten t1-TO or more al t.erl'lati ves ax.;: sat:tsf'actol"'Y] it must d~cide 
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uhe·ther to decompose the reports still further 1 01· to 'cest the adjust.men·i~ rules 

in't-Tider contexts, or to discard one o:f more alteX!l9.tivea on the basis of rc-

1ative complex:i:ty.. It must be admitted that in p:ro.ctice such systenlS al."e 

more o~·ten. faced 1;lith ·the problem of proceeding lrithout Co sati~fnctory theory 

than in choosing among tlto or more sa.tisfecto:ry ones. The-t j.s., so-called 

inductive problems are less apt to occur then discovery p~oblemz. 

18.. He have described three aJ:tel"natives Ha:y'S of deuigning obnervat:ton, 

~t1h1ch cle~'.l.·ly do not exhaus·t the possibi~i ties. Uhich one shou.1.d be ch.osen'l 

It is cbv:i.oun, I hope, the.~ the tl"adi-c:I.ona..1. ens't.;er -co this question l{on I·t 

do in th~ pl'-'asent discuss:louD This .e.ns'\,reJ: is "tho;i; one should choose .tha.t· 

system vlhich beGt. describes hOW' men do ("in :fa.ct tl) learn. Undoubtedly, this 

l1as the intent of' Locke and Kant, e,.nd to acme e:dient Sillg'3r. Bu'c 01.U' interest. 

here is in the des:.tgn of inquiring systems, so that the m:mner in which lllGn have 

J.ea:cned can be J."egarded as ol1ly one a1·Gel~e.tiva des:J.gn, and no·t necessarily 

the bes"co 

The o,llsrrer to .I.:;he CJ.u~stion seems -co depend on 'Wm:,j; i.;he inriuiring system 

is supposed to do (Part 2}. F019 example, compare a I .. Qckian system 1'rith a S:i.ngerian" 

Lcclte's observing system puts an eno. to f'tu-iiher ing.uil"Y a.bout '\jhis objec'c 

in this envircnm.en"t once there is se~tisfa.ctol"Y agreement about its. properties.­

S:tnger I s system taltes agreement as C~ unsatisfactory sta.te, i . e. , as a problem, 

and se'cs to nO!:'k to cl4 e.'3,--Ge a nell problem a1)ov.t this object for l1hich agZ'eelIlent 

does not obtain. Hhat :ts the point of ei'i;her procedtl.:ce~ In Locke I s case, 

'~he e..nS1fel" must b~ tha.t the aim of an il1qui~"ing system. is to create a set of 

facts that are se,tisfa..ctory to ·the emplo;)rers of the system. Usually this is 

pa:raphrased by sayin.g "chat the s.im of inqu5.ry is -Co se .. t:tsfy intellectual 

cUl:iosj:~y • Hence a. Locld.ell obsel~vel" might '\-Tork very 't-tell in a (!ont:~xl.; in. uhich 

the sys·tem e±~fectivel'less lTas very e:-q)lic:t-t;ly tied ill'to states o:f antici.pa.tion 



and satisfaction of ~ set of employers of the system, especially if these . 

discussion, lIe are '~o imo.gine that a pa,l't, of the inquiring ays"Gem determir;tes 

"She.t is nO'j; kno1>m (1;>y a ju.dgr.:lent)J i.~he:ti it de"tel"'.m:lues that something not 

ltno1m ,"([orud be liond~:cl'ul to lmmt (by c. feel:tng)" and :tt knm'J"23 rlirectly 't-rhether 

a. given process hus satisfied its clttios:l.ty {bye judgment and a feeling) ~ This 

part of the system is separated in the sense of se~~~ation already desc~ibedo 

Singer I S system would seem to l·Torlt best uhen. "lihe objective of inquiry 'Has 

,to cJ:e~3.te ne't-T problems, because oI~he observer al\oTsys seeks to put his :Lnqu:try 'Co 

e.n eV'en moxa severe test. The sa:tisfaction of intellec'tual cur:1.osi'cy for 'these 

purposes is i:rrelevant; the func·~:ton of the system is to create dissa.tisf~ction 

of intellectual cm."iosity. 

needless to Se::J, one cot1J.d combine the two s,ims, or propose anot..l!er 

(efJg .. , 8. "pract:tcal tt objective of' inquil."Y). The poiu'c is ths.t hmrever the 

qu.es't:ton of objectives is ans't<Tered, it now' seew..6 clear that the obsertrillg system 

is not sepa:rable: its e:{cellence depends on Pe:r-t 2, the :part 'Gha.t de"i:iemd.nes the 

objectives of the inquiry. III other lTords, by the princ:;'pl~ sta;ced abo-lTe, since 

-the eff'ec'liiveness of' obsel"Vation depends on -the effe(!'i;iveness o:t: Part; 2, observat:i.oll 

is a nonsepa:cable par"t o:f inql.Ury t. v7e could pursue this point further by ohm-ring 

·that the . criteria oJ: pe:,:1"oi:'m-';lJ.?-ce of observing syst.erus ruso del?ends on ·the ccm-

~ica.tion systel:l, (Pa.rt 11). For e:mmple, a. c('I..rtlllllli'lica:tioll system that sit,\1ply 

_ '. tr~m::uts observat:Lo~ reports might be ef:f"ective for ~ I.ockian aYG"t.em, but it 

'uouJ..d be POOl" for a. Sin~er.:tan s;,(stem lJh:Irch . requires suf:ficient il1.:fo~,:·mation to 

adjvEt for disagreement. 

19· But i:t may be mo:-;'c useful. to illus"t:ra-ce furt.her the them9 of l"'ad:tcal 

~tC:t~iUlt:i.',es in the design oi' inquil"ing systems. For 'chis :purppse, conBider. 

Pa.ri; 6 end Pe.r-G 9, 1-1hich are· concerned v11th ·the des 1.gn of e~r:pe:;;·j.H~en-cs a.J.ld the 
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a..ualY13j.S of' results. In ·the Bo-called "'Tell-designed eJqx~r:Lnient' the £ollouing 

conditions must hold: it is agreed upon berorehana hon to classify i:,he oi)Jec:'i;s 

of the exgel":u''1ellt and wat ahall constitute the grounds :rOl" accepJcing o'X 

rejecting e.n hypo'thesis .about these ob .. 1ects. The eJq;eriment ccnsistt~ of a. 

series of opel"ationa uhich result in certain obsel~a.t:I.one.l l-eports that classify 

objects in the pre-specified manner, eJld a series of ztel's D,J/plied ,to the x'aports 

that lead to the acceptance or l~ejec·tion of the hYJ)othesil3.. He arc:! :tnclill~d 

to SfJ,Y that ell e::!tp-.:!la:i.loont that 1:ails to meet these tuo simple criteria is no 

indeIiendently of any othel" pal?'t of the inquiring system. Bu·t can th~~y'i 

Consider an ueiq;leriment II vThich C&"l be subdivided. into a. set of pha~a. 

At the end of each Ph~se the inqui:L'ing system makes one of these decisionfl:' 

(~) to' keep-the method of- cla.ssification; a.lld the hypothesj.f3-test proceo.u:ce, 

and i;o gather more data.,; (b) to chru:Jge the method of classification :md/or 

the hypothesis test procedure, and to gather more dat~.; (c) t.o terminate the 

(lata collection, decide on a final classification end test procedure. Suppose 

'\ole call t.his the "elusive" ex:,per:tmcnt. Is it an ej~el'iment a:t a]~'l One is 

inclined to ru1s"rer in the nega:ti ve, for if tIle objec-l;j.ve of' the syst·em ue:re 

to prove somathing i't ,·rished ·~o prolle, it could no·c do better than to folloll 

this design. But this would be contl'a:."Y to ·the basic notion of' objectivi·ty: 

ik1.!llely, that the system I s at-m 'i.n.shes do not influence its procedures. 

Nevertheless, the elusive "expe!":iment tl does ()f'!cu~'" in a great deal of inquiry. 

As the doctor examines the ps,tient, he Iteeps deciding and xedeciding hOlT 'l-;o 

clasGify cer"cain responses, as 'fell as deciding hOI'; to determ..i.ne '-That hypothesis 

he should be testing. Consider, for example, the somel1hat 'il'relevant che~le:'1ges 

tho .... c al~e often 1eveled at )!sychoanaly-tic techni\tues, i.Jecau.se -they fail to 

"prove tI that a. certain method of trea;i.;m.ent really he11Js 01'". cures a ~s.tient. .. . 

T'!le cr:ttica ~gv.e that one should St~lect a gl"'oup of i7at:i.encs who have bGen 
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treated and a sinti.lar group that have not; that one shou:.Ld be very clear £1:1; 

the outset l.;hat rtii!'eat.ment II ms&n3 and ~1lat "cure" DlZOll:; ,and finall:r that the 

test of the hypothesis that more treated F'd.tients are cured ·than un·tl~eatc;:(t 

sbould be speci:riee. alld logicaJ.ly defensible. But one might l'eply -that ·che 

cu:re of any one patiel1"G is uniquely approlil'iate to him aud ';;0 no other. Hence, 

only after one has exam:J.ned i~he pa.tien·~ can on~ d{!cicle lThat e cure 

lTOuld be. But exa:m:I.na:'\iion in this case ~ the treatment, and f'ul~hermore 

e:ltsminat;ton is alf-lO a unique procedure i'or each patient. In ouch circ'um­

stances i't makes no sense to ta.lk about a cure fol" all untreated patient, or to 

s]?ecify befol'>ehand. wlmt e.. cu:~e ree.lly is. In3tead, c.\.S the process OCCtU"G, 

the analyst keeps changing his classii'ica1i:i.()n l11ethod and his concep"'e of' So cure. 

The obvious l·cply is that all control has beenlO-st in this proceclm-e. 

Btrt this ~eply is not easily justti':ta.blc. For one thing, i't might be possible 

to conduct au elusive eX}?erimen't in 'Unich the decision-'r~es lIere specified 

be:t'orehalld, so that one knovTS under wha:t c:J.j:curastances the inquiri11g system. ifill 

make one of' the three choices mentioned a.bove. T'nis could 'be done if th;! ob­

jectives of the inquir.r ,.;ere cleaTly enough stated so that sO'.oo.e vaJ..ue couJ..d 

be placed on ·the outcomes of ee.ch ot: the cho:l.ces, and if some estim9;lie c!Juld 

be ma.de of the ".my in \·1hich a choice is related to an outcome. 

No one' seems to have -Cried to forre.al:tze the cluE1i-fTe cJ..rperiment, pCl"haps 

beca.use present ~ inquiring systems in science are largely llniIn...agint1.tive 

,riJch l'lespect. to data. collect'ion, t'lhich :1.0 :t'lcga.:rded e~s a ra.thel:" dull task, 

be·tter delegated to l.ess c:reative minds. But it seems clear tha·t the elusive 

experiment is a. cJloice the :lnqUiring system cculcl m...~te, and tht'~t e:;:tperim~ntaJ. 

desi.t!o is 110t a se:Pal"'8.ble part of :J.nqu:trlT .. 

20. '.file lack of imagination in em]?irical n:erthods han been partie.lly c0il1:per.taatetl 

by 'che la-rge amoutri; of crea.tive insight 0110 f:i,nds in model constructioll. (Pe,:M; 3) 
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A centur.y or so ago, models construction wo~ conGtra1ne~ by a certain kind 

of J.ogic (·tlTo-ve~ued), by a. certain kind of' arithDretlc (wii~hout imagiIial"Y llml!b;rs), by 

a certain. kil'ld of geometry (:Ea\1clidie.n), by a certain kind of kinematics (absolute 

simultanei·ty), and so on. As our science gl"e'l, the :part of' inquiry ths.i~ gen-

ere~tes models shit·ted to more end more radical concep-ts of model c.onstruction. 

Perha.ps Ol1e of. our mos·c so!,hisJeicated findings is that there a:ce many mod.el. 

choices 'for a given kind of inQ)liry, and tha-c mr-Ael constructiol'l is not 

se:p8.l"able :from othel- plw..ses of inquiry. 

21. To finish this essey on the characteristics of' inquiring systems, lIe mus'c 

re·tuZ'n 'co its celltral problem: ne.mely, sepal"ability of functions. 

So far, 'He ha-lTe been considering the case of a, fixed sepaxetion of a part 

or parts of a system. But this cOl1sideration may be to':J strong. Actually, all 

tha'~ is required 10 a tempo!'ar"J sepe.ra"bion., so that; one can proceed in the 

develoJ'.?!OOnt of the s~ls·tem. One my vT~V].t~ to proceed in this Hay because he feels 

·chat sep.;."'1.rabili ty is a desirable characterisJeic of system. It :perm:l ts co'ntl"ol 

rela.·Give to fairly sVecific objectives; it parmi"ts a.n adequate scanning of 

altej.'·natj.ves and a reasonable evalue:tion of each. HO!lefully, then, if one can 

lJerform :reasonably \·rell in each segment, the "Thole uill be reasona.bly satis-

factory. :rn the ~aae of ing.uiry, the domi:aating criter:lc'l'l of cOl'ltro~ is o'bjectiv'i-cy; 

one vT"dll-GS -Co be rea.sone..bJ.y sure that the evidence :f'or e state of affairs is not. 

itself' dis·corted by the l~eelings.of on~ of. the inves'Cig,~tors) OZ' a9m~ e:cternal 

but tmknc.."h"TI influence. "Te believe t.hat the larger the sys"cem, the grea.ter the 

risk of' none-objective evidence. 

Why do ue believe th:ts statement abou:t il'lq.~iriug. systems,? Possibly 

becai.we of our :recent hel--i tage in matters of' :h1qu~try .. I11ode:rn :m.echanlcs began 

~Tith the study of ona bodY, end. uhen this system 1~'aG unders·i;ood, it 1.;en"t 011 to 
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'the study o£ IiIDZX3 bodies, of tielda; and 80 OD. SO in modern gam;e th001"Y, 

ve f'~nd (rtudenta of conf'lict -who bel:teve that one sta:l. ... ta '£lith So aiMple (!o:nstelrt­

sum ~ro p~3I'aOn gamo, ·and that the optimal behavior of :people in such a s:!:tl.m.tion 

can ba fully understood regardJ.er;s cd: any o'cher conf'l:lc'c Si"tllstion these people 

TlID.Y be involved in, end 1"cgal·dles3 of any other chsra.c·te~iat:tc of" 'the 'World .• 

Thl.W I e"len though sep...~·ability may never occur in a pure and permanent 

form., shoUldn t ue act as though it holds, as long as 1ie can legitimately do 

so? The principle that mo'Givates orie 'co ensuer this question a:f:?ima.tively 

1!113.y be stated as :follows: so design the inquiring sys·tem that acr.r.ne of its 

p~G are Ertue..lli[. separated. PJ.'oceed in the stU(ly of' the separa'ted. pt' ... ris 

and only reccnstitli~e the system uhen separability is no longer feasible •. 

This is sm.~ely the spil"i t of much of ecadeInic research end a lC-U:'S53 part of buaiIleas 

and ~Oyel'llmeD:t research. 

This pe.par is designed to cast doubt on the adequacy of -the principle so cstE-:ted .. 

In oJ:'der '~o make the co:ucl'US1cn more pl'ecise , it is necessary to p1u"ase 

the l?rinciple in a more precise ,my I so -'Gbet ito cont1.4 adiciiory becom.es ap~.ren.t. 

22. Consider, as before, a system S uith subparts 8
i

- Instead of considering 

the system as e. fi.,'·{ed entity in time, consider 0. methcdcf ol1era'ting the syste::n 

as though its perto uere separable as 101lg S.f3 the ays·cP'.Jl1 beha.ves properly, o.nd. 

of cheng:L."1.B the ps.rts't:1hen~~-lTel'" "che fJys"tem f~ails to operate properly. vIe 

shall call the principle by 'tfhich a l"2.n io chaJ.'lgcd 84 lI·tl'ru.\SfO!'l11~tion f'unctlon. " 

The crttci~l point in the design is tthe·cher one can recognize the uneatiafac't;ol'Y 

s'ta'l.ieof eo part, withou.t having to study the en'eire system. fl'his is equivaJ.eu'c. 

to askinz whether 'the .Iii~e.nG:rormation f\mctio·:as a:r~ ,or s-.re not, f'unct:t,ons of' 

th~ yl"':Lor states oJ': the parts o..1one. 'rue separability principle with which 

lie arc concerned,. states that the txansrol':m.s:i:;:!.on f".tlnctioli.S are functio:n.s of 
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the prior states only. Specifically 1 it says that one can parti ticn S into 

subp-3.rts in such So manner thet 

(a) dccioion rules can. be ·conatruated for each r.arl; 

(b) 'the application of the decision rules dep~nda only on the prior states 

of the parts (i ~ e . J the parts ere se]!arable) j 

(c) 'there exis'cs a funC'C:tOll at the priol· ats;tss of a par'l; only, lmich de-

. 'bermines whether 'che pert is atabl.e (satisfactor'1J) or unstable (unsatisfactory) j 

(d) there exis'cs a. decision ruJ.e o.ppl:tcable to the system that vT5.1J. ·transform 

an unstable Pa..l'"'t into e. sta.ble part; 

(e) as soon as ins"tabilityof a p-:urt occurs, "the sys·tem is so tral1SfOl'1ned 

tr..a.t the pnl~t becomes stable; 

(:r) the set 01' e.11 poss:t1)le decision rules governing each :part, plus the tra.ns-

:formation rules that send a part from a.n ui'1stn.ble to a stable state, accord:i..ng 

to (a) - (e)J contains s.t least one member that is superior to any other rules 

for opera:ting S , relative to S r S objec"ti "\,res . 

The reader may recognize that this principle underlies a good deal of 

present d.a:y reflection about adaptiye oehaviol". For exs.mple, tihe pl4linciple 

. is inheren'c in statistical quality con'erol procedures. Inspection, 't1-ni~h 

plays the J."ole oi~ a..'1. illquiring system for production" partitions 'che production 

sys"t;(;m into pa.rts, identifies the properties of the parts, sets up ·standards 

o:t' s"ta.bilit~y in tl!:rms of control charts, signals il1stabili ty Hhen i'c occurs 

solely cnthe basis of the data. obte.ined from. the pa.rt~ , reconstitutes i.!GS iniage 

of the system until the uassi~Liable1l cause is found. Simila.1-'ly, the model of 

a ffsatisf:tcing :mann sho1'rs· him to ·be one xlho blJealro oU't·-t'~ru~QOOlJl~?- sized problems 

of decision, ,.;rho· pursues -the problem. to a. solution that so.tisfices, viho recognizes 

satisi'action or d:tssa·Usfaction. cleaJ."ly J and uho takes these to be cx··itel."ia of his 

control of the situation. --- ......... ~ 
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23. The negation of the p:rinciple m..1r:.ht take one ot." several forms, 

der~nding on what a.npectsof ita lengthy eeoc of assertions one 1<ra..ntG to 

hold f~::ed. The intent here is not to question the advisability of 

partitioning systemo into :pa."..-I;s or of at'cem:!t'cing to cont:rol the :pa.z-·ts. 

Ea:'che:r in the e:tw.mplcs set forth in the paper, it is clear that th(~ propsr 

llerformance of a SVll:oa,l"'t depends on some concept of the ~mole systern. In 

other 1Tol"da, 'tore have been say-lng tha.t the cri·cerie. of' the stability of :che 

:parts depends on e. concept of the stability of the system S itself. ~i~J:efore, 

the a1 terna-ci ve principle 'fJTe have in mind is one that Llodifiec1 (c·) und hnnce 

(;r). It asserts tht\"C one ought t'o determine inste.bj.liocy by e:cam.i.ning the 

'Hhole sYf:.item as 1-Tell as each part. 

~his principle reads: 

(a) (as before) decision rules can be constru.ct·ed for each pa:~t; 

(b I) the application of ·che decision rules dependc; on the state of i;hl3 

yjhoJ_e system; 

(c .) thsl'e exists a function oJ: the prior state of ·che pal·t and of the 

uhole sys"tem, uhich detel"mines "Whei.:;her the pe.rt is ::r"~9.1)lc or ul1stable j 

(as before) 

(<1) there exists a decision rule applicable to the t3ystem thatlTilJ. 

tra~sfOl~ an tmstable part into a stable one; 

(as befoloe) 

{e} as soon as the unstability of e pari; occurs, the system io so tl"e.ns­

formc;:d that the par-c beCo.i'llSS stable. 

(1- I) the' set of possible decision rules of each IX:lrt" plus the trunn·· 

:f.'or"ill.!:tticn rules tha.t sel'ld a pru:'t) according to (~1.), (b 1).11 (c'), (d) a:nd. (e) 

cOlltain..g a.t least one member t~ha:~ is l1Ul'e:ciox' to an;r other :ru.los foJ,:' o:ps:t:o.tir.,g 

S l"els.:tive to SiS objectic;res. 
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I said earlier that our· l'ecent her! tage leeds us to be symys,thetic '\orl th 

.the first prL"1ciple of -the design of systeI!lS and l10t the second. Bu.t oldel· 

-t:redi·ti0l.10, lTould :reverse ·the prei"ezoence. l-Te don r,c need to be reminded of Plato I f.3 

·typical attack on system desj.gn: from the general idea. of' good to the specific 

detalls of' goodness. Bu:c it liaS the savel'lteenth centUlJ" that voiced the 

rationalism of system design most clearly. Deepi to 'che dif'feriences in meta-

physi~al theories, Dasce.l:-tes, Spinoza O-L"ld Leibni2 all SD.'t-T the:li en l.mderstand-

ing of Imowledge could only occur if one first ca.me to an understand.ing of God, 

'iho is the supreme inquiring system. T'ae toi"1iuous lts;th of Descarte:s' 8 medi-

tations lead him evel" and. again to ret,urn "to the most tormenting o:f all :reflections: 

the decel)tion of' the ra:tional m:i.nd. Convinced tha"t decel>tion is possible even 

for our m.ost fil."IDly esta.blished convictions, ·he could see no solution t.o be 

fonnel in the ir.'1di vidual inQ.uirer himself'. For him 'there cOl..u.d be no po~lr.\:t __ ', 
.' 

in a lUnd r S a.61~ing :itself 1..J'hether i·c could cO'J.1ceiv-e the opposi'ce of: "mat it 

holds to be so obvious. A negativ'e anS\'T~r could not constitute evictence :for 

one's convictions. In this regard, he differed from his British co]~eagu~s, 

some of 1mom. used and still use the illtrospec'ci "'Ie question as the :eunda-

mental evidence of 'their philosophies. But Descal"i;es cotlld construC';'c a 

model of' the universe in uhich the more convincetl a me.n uas, the more "Trong he 

,laS; the more inconceivable a proposition, the more likely :i:1; liOuld be to be 

correct. This 1-J'as the Ulliverse of a. deceiving God. In the language of: th:is l"ep·.1l't, 

if God is "that aSIJect. of inquiring systems that· controls the i"lmV' of ev-la.el'lce 

(date), thell B. dece:l1r:I.ng God 1-Tould create nothing by sel:r-deceiv:tn.g inqu.irj,11b 

systems. Hence fox Descartes the firs'l; to.sk of the desit~ of inquiry is "C-J le:~U".n 

enough about God to sho1" that self-d.eception :.to 110-(; ];1oss:ible. T'ne conc~j)t of the 

-whole sy<.3tem in pa.rc dictates "che design of any individool ,gystem. 

In Spilloza, the design of inquiry is made most c~::)?l:i.cit. His a'~ioIDG 

axe designed to establish the properties ano. the eJ~istcnce of the rn~:;st gE:!:,e:{'a.l 
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debitll (rue. II) and uQuicQ..uid ut non eJtistens poteat concipi, ejus easen'cia 

non inv'olvit esistentiamtl (,Ax. VII) and. "Fer substanti~ intellijo, id, 

quod in se es'l;, et pe~ se concillitur" (Def_ ~II). Fr,om ~ihich it 1'o1101.,S:, 

"Daus , ~:i.ne substantia COllst~s infini-tus ettribis, quorum u..l'luro.quod,~tue 

aeteZ'"ilam et infinitam easenJciam. expl·imit, necessario e~istit, II (Prop- )[1), 

and,:f:ina11y, and moat :p~rtinent to'this discoUl:ae: "Q.uiciqu:i.d ~at, in Deo est, 

, et, nihil sine Deo es~e n~que concipi potest" (Prop. XV~,) 

~'l·anslated into modern sy~tems language, these e.ssenions tell. us 

that one cannoJc e8te.bli~h the e:ltistence of contihgen"c objects until. "i're 

ha.ve first esta.blished the non-contingent 1 '\lhole system. 

~ibnz IS 1I1vhole system" concep-c dif'"£e:t"B i'rOlll Desc:ar.tes' G.nd SIlinoz0,t s 

in -the, model as uell as the purpose. But he salol' much m~re clearly th~ d:l,d 

the othe~!."s the centra,l, problem of optimal design. T~e:, monailology is a bold 

end ama~ing a:ttem:pt t,o delineate the essent;i~ aspec,ts of a designed syst.em. 

It~ chief con"tl"ibutlCl?-; from the ·poin"C of view of the ~sen"c d~se'lwsion .. is 
, > 

that anyone system ~t lm"'.re all the a.spects of, 'D.ny othel· system. ~,()ttle;~' 

words ,. o:"1e should Dot: thillk of: system design in terms of degrees 01' cO~I(LeJ'i ty 1 

. ... . ~ 

-- :.'ari"d 'it· "is"~corract to'diff"e:t'entiate one system f:rom '~.othel'" in tel"LID, cit 

the number and type of the:Lr ,COmpO~en:GS. The correct ,taxol"lomy of 

systero..'3 must be expressed in -cerma of 'the x'elo.tive effectivenes's 'o1~the' 

operations of the components. In other 1l0rds, sys-cell!S differ solely in the degree to 

'uhich they ol'ere.te eff'e,c.tively. T'nis implies that the theol"y af systems 

desj,gnis meallingless' unless i-b incorporates a definition af the w...ost - . "' . 

gene:raJ.. system. It must be eIllJ.?hasized that Leibn:tz is al1'Talfs talklng" aJ~o~~ ... \ .. . . 

systems in the sense of this :paper, tha.t is, teleologicai entities~ He 

is not. concel.-ned tii-l;h the mechanics of systems design. 
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The con:i:t1Sion at systems is the critical point of the MClll.ailology and th.e 

cent~el concept ia the degree at d1&tinct pe~cepticn~ Leibniz actually 

rese:cves the l~Ol·d uminii" for those E}yste-~ having a dCgl."ee or dis:t.inc·l;ive­

ness of peL·c~p·tion above a ccr-tam mnimum (~o.10g,"f, p. 19). God is 

th1! :pe~"fect system . and provides the essential. s-handaxd ~~: the meaSU1:"e of ·the 

distinctness of' perccpt:ton (~/lvnadol~; .p. 14.8).' All systems :for Leiblliz 

have t'Y;10 pr:imary :functions, 'which ue could translate s.s "goal seeking ll end 

"perception, tr corresllonding to our mcdel~ terminology of "output II and "input". 

The:ce are many statements ths:t J..;eiblliz mak·cs to substantiate his cla:tro. 

tha.t systems can only be undel"stood in terms of t.otal systems and ·that ·\:'otaJ. 

systems can only be l.Ulderstoo.d in terms of a :perfect system. 

2 
f"ollol·Ting 1Till suffice to re~:r~.s~nt ·these. 

lpxil'lci"ples de Ie. nature et. de le. l?":t'~cs tP 13. .... '03.....· II 1'~........-..~_~, 

Perheps the 
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"Comme je n laime pas de juger des gells';:"en lUauva.ise pare, je n 'accuse 

pg.s~!r~~ nos nouveam: philosophes, qUi pre'tendent de" bannir lea causes finales 

de la physique, mais je st'lis neanmoil1s oblige' d : avouer Cd.lle lea sui tea de ce 

sentiment m-e ps,raissent dangereuses, surtout si je Ie joins e celu:i. que j la.i 

r~fut' au cormn.encement cle ce disc ours , qUi semble aller ti les 8ter i;ou:t e fe..:i.t, 

comme ai Dieu ne se proposait aucooe :fin 211 bien en agiss~mt~:·~~~:·, ou. comID.(-! si Ie 

bien n' ete.i t pas l' objet de sa volon·ce. J e·~;':HH:· ·tiens au (!c1'lt1:aire que c! est 

Ie. ou i1 faut. chel'cher Ie principe de toutes lea e::<"istenc(~s et des lois d.e 

• la natUl.'e, pBrce Cj)le Dieu se propose tOUY0ll.1·S Ie meilletl-i:" et Ie pluH pSJ.'"aj.t. 

Je veux bien avouel', que nous sommes sujets s. IlOUS abuser;l quand 110US vOl1lons 

determinel· les ;fins ou cOllsei1s de Dieu, mais ce n test <:.~ue lorsque llOUS lee 

voulons borner e;" quelque desseill partict.u.iel'l; cl·oye.nt. qu f :t1 n I el,o eu nl1 vue 

" A t .I' d J. t 11 qu I un seu.le chose, au lieu qu I il a nt~ mf:m.e emJ?s egar e. \~ou • 
. ' 

A trSlslation"into modern concepts (and a condensation of this 

" :passage m.i.gh·t :"ead a.s follows:" 

fJ,l cl&n't lWJ.l~~ to prejudge peopl,e' s intentions &"1d. therei'o:re I don It 

"'. tl "Ursprungl:i.ch :' (Ie l' int,ention des gens" (L) 

···· .. U 10,...,. h If" '~l'" . I • 1 ;. ttl d ·U":l.-.~ x'sprunc;r-:Lc: .)Ou .J.ge que Je n Y lteConna.J.s pas eur l;!sprJ. e f;UT }?};'u.. ~~n(:8 , 
ordi.Jl..aire J je vew, bien avouer que ce n 'est lla3 l)~~· ::'"jh~Jml,? aeul q1.1e tOll'l~ el3t faj.ii" (lli) 
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morally criticize. cont~orery plliloaophera 1"nlO uish ·to get rid of pur­

pose in science and sy;,~tems design. But Dev-elrthelesB, I must confess 

. tha·t the consequences of their poai tion seem to me to be quite dangerous. 

T.Q.ey believe that ther',e is no such thing ssm'! oval'"llll system or a most 

general system. On the contrary I hold that it is in the concept of en 

overallaystem and its perfol"L13.Ilce that one vlill find the underlying p~in­

ciple or every pro:t ana. the performance chara.cteristics of the pari;, be­

cause the o~~rall system ie~ the only stendaxd of good or excellent perfor­

mance. I ·~m.nt especially .I~o emphasize ·tha.t one only ends in confusion 

when he tries to det.ermine an optimal plan solely in terms of some par­

ticulal." design, as tho~\gh the 11hole system had only this p9J.'1i to be con­

cerned al)out, instead of its entire operations. If 

This pe.:r"t ot ·the rationalist' B thesis ':ias D.ot neU' in the seventeenth CI~lltur<y, 

of COl..t.!'se, and even today one could easily find adherentn to its basic viel1!Joint. 

The other aspect of ra;tionalis"c doctrine is equally impori;a.nt. T'n:ts is "l;he objec:tivity 

of the 'Thole system. To a :l"ationalist mind a.a to ~n e~iricist, nothing 

can be admitted to the ·fund of mauled, . the.t has not IJassed the moat ca.:re-

fully designed criteria oJ: objective truth. ~is is wha,1; malres the ''1-Thole 

sys·tem" approach so difficult, and. e:ltplains wy theology and science toOel,y 

have no common mee-ting ground. A theology that above eJ.l must postulate 

a God ~s:-egardles6 of its inability to satisfy the crj:teria. of preCise proof 

cannot e::q;ect to :rind a.cceptance as a branch of science in an .e.g~ 1.Jhen the 

essential feature of science is its strict e.dherence to stal1ds.rds of precision. 

T'ne 14ationalist thesis in this regard "t$.,£~ a very diZ"ec·1; one. If God: s 

exist;;Ece is to be proved, it must be pl·ovecl Simply. ~~i6 does not mean 

the-t i'h :ts 8. simple m..at·cer to find such a p!1oof, as the -l:iortuOl.1S passages 

in Disca.:.~eB and Leibniz clearly shott. But all 1mO hav'e ·tried. me~th(~ma:tics 

hac!. t.h~:}.t <2.uiteut)l1(le:rful e:~~rienee of . f':Lnd:J_ns~ a:fte:t' ho'u.rn or y~ro"s c1" 
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labo~i?; s. vary sj.il!91e ~re~ qt" PXOV'lilZ so~thing thEre 'iX!.S not ol'r'Jious at ths 

Ol.\tset .. 

~le feilu:t'e of rationnlir.nn l(-1.Y in its in'abili ~;y ·to j;ind any 8\1(:1"1 

·the :Px'ol')osecl simple pl"oofs. 'The essence or "the Kant:1.an l.~f'llt8.tion ires 

th~t the conceptual i'I'e~HQrk reQ.uixed, by scienc~ to give mca.n.ing to 

eJr£jeX'j.ence lms 110·t logica..lJ..y strong enough ··to est~.hl:tsh a. God in the 

sense' dettw.nded by So I~ef~ni~~ian theory of rC::l~:!:ty. III the :past. ICanti~ 

perie-d, lIegeJ. attempted to revise I{ant I S notion -of this (:onceI.tual f.ra..Tfi:~-

"lork, and thereby to establish en Absolute' ~tind. H:J.s f~bsolut.e, Mind P~'fL 

ey.a.ctly the role requil·ed of a "un.ole system," because :t t. er;ta.blishes 

the gt'()unds for meaning, in a:lJ.Y aspect of re~.li ty . But. \vesteT.ct science 

at le~ .. st, could not tclera.!ce -the 8J.u.biB'Ui tie~', o:f' Hegeli~!.!l log:I.(~, 't-rhich reclui·:!.·ed ' 

cont:t'adiction as e necessa.::y condi t:i.on for :pl"oof. Tode..y c O!ltl'adict:ion 

s·~ill. :pla.Yathe same role as it e,11iaYs has in UE!stern SCienf!e; it il3 tha.t 

1-mich establishes the stopping poj.nt of tOl'nal 1.11('}.uiry. 

Toda.y 1re call look e .. t the s'!;rugglen of' t.he last. cel'lt't.lrie;;~ in a aomeuha;t; 

more rr3L..1Xe(1 manner than did t.heir ph:l.losol'he:~s 0 Do 1re he.ve to establiuh 

the e;cis·cence of a l1h(lle system in ordel· to use the concl.n:rt in des:i~ing 

tlw .. t is perfec:t in a.1J. conceivctble resj?ect.s~) Thlz'd, were the ratio:nalis·ts 

correct; in asserting that the proof' of thE! Hxistence of the uhole system C8.l1 

be ef-rtablished object.j.vely:Z Since ijhe ct:ms:Lde:t'"et.j.ol1 of' these ques·cions \.fill 

serve to conclude 'chifl essE¥, we can 11est p~~'oceecl 'by pro,posing som~ anm;j·(~J.'tS 
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(c) 9!iue }j(rot}f a? ~~he a:lt.1.otence of:~ the uhole Elyste.m .and ii;o propert.ies 

must lil;:~et t~le requirements of scientif:tc evidence (ra·cions.lism). 

P:coposi-cion (a.) {!(}=J.tl~ad.icts the philosoj?hy of cOl1vent:i.onalism. FevT 'i7ould 

question ·the £.~~~_~ of using coust~ructs tha;c enable us to integl'e..te: '::nll" 

empir:lcal findings. J.i'o:C' exe.m'p1e) stud(~l1ts o:~ orgs..nj.z.a;t:ion theo:ry often ~1J:!t 

"e..s though there really "if ere a total org8.J."'liza:Gion "ou·t; there) II just 8.S political 

scieniiists somE!'~imeHseem to a.ct ao thou&i. ·there is such a thing as the :l'lede:ral 

government) and. enginee:rs a.s though a 1;01;.9..l generator" pls.n1~ e;{j':3ted. To i3. 

atricii empiricis"l~, h01-renrer, thus€: suppositi.ons e.:ce n:.e:cely con"Y(~nient. 'Ways of 

tying t;ogether a ee:!:-ielJ of obacn:vationu. lIe 'tfollld not. ~germi"t the scienti:st 

to cla:i.m. reality io,:' 11:1:.5 cons "truct , since th(~ consi;ruct is n~ver 01)Sel'vell. 

~~b.e empiricist ha~; adopted one ellrr~er to the l}rc.iblem of Jche ontological 

sts;i;'Wl. of sense imp:cesnions, an t1l1GlrCr thai; he -tak<-~s to be based on the p~t'in-

ciple of parSiUK}ny in :i.;~c!uiry: neyer accept any Illore than is rrcrictly v.T;~::t".c~.1..:at·ea. 

by the evIdence. The l1U'f'iculty l.;:tth his lml3wer in o.';l1lonstra;cnd in the d.is-

C'tlSSi()11 of thir:. paper.. If he is telling un ho"s.? t.o {1.(~::;ign iDQJ.'tiring syst'a:m:3, 

nnswe:::- to this que:stiol! cle:pend.s on the manne:L" in '\-111io::1 -the inq.uirillg sYB"CEn;o. 

gathe:~s its avi.de:ace. To an em~9:i:i:':i.C:ts"i;, the inqui);>ing; ;syst,em tT·:)uld say t113.t 

the rose 'before me on "'tine d.E!sk. exist.s ·0 ec allS 13. it in 6"bsl~r"ved. But :i.t ma;y 

question -v1ilether a :tose as such is really the:C'e. It ·t-rill assert tht1t tl'H~ 

appea;r;=mce of a rose exists becau.se it can c'onstru(~t this eppearance out 01' 

direc·c observations. In Singer I s system, no observc~t.ion bas any clair.! !:S 

evidence until it has 1)een enibedded. in a sr~g"uence oi' differing obsl:;j:Vt;~ti.OIlS. 

"--------~-------------------~-----



• 

stru.ct alJ1..odel o~ ie-cali-by in 'tlhich thel'e H:rC classes of rau.ked e:v:t;i't:V;~s..· 11.1111:1' 
IfX is l1hi,lGe" is mea:uinb!f.'ul, Bas-, only :t:r 'chere is \:.;1. CJ.tl,SE~ of enti:t;:teE the.t. cr:r'L 

'be zoan.'I.ted al,;,ng t:l. C()~~l· sJiectrui1l. 'One !Hf"-Y stj.ll g:vzls"iiion 'tthe't;!1e1: the c1z.,~~~ 

the '!iror~d ce.ll cm.ly i;,gke on a ceZ'ta:!.n fiui"Ge set 017 vi!1.1u.es ~,l a C(:ntillU()US l.'anc n " 

'lila other values are log.iccl pooaiblli t:tes .J(,ih~G ore never l1eLl~ized. A s~f~c::C!d. 

corx'ec:t ~tdjusted observation. The ree~ mocb31 and the reeJ.. CJbse:t"'lju;I;!C1Q. 8.1;';;: 

1m.a.ttE:.ir.lable l:i..mits at' the system 1 s p..ctivities. EiLrt the E.ly~5tem :~'e'lu:t:ces 

·tha existence 0.:'( thi;:se lin.i.ts :It'''l o3:,der to opexD.:t;c at aLl. Hence., J\ihG 

1>lhole system, mus"t b,ereci .' '{e"'v'en "lihough unkno'tm) if it is t,o funct:LoD, 

13:t all in. 'the d.esigo. of 'the inquiring system, 1'lh:tch :ls lrlW.:'C pr0:tioBi·t;:t{)l1· (.3.) 

asserts. It. nay'be noted ·i;ha.t l'leitheX' mcdel (the one tlw#t is constrv.:tnec. '{~O 

parsimonious than the ot~he:~. Pa:rsintony, in SingeI' r s f;;~~stmn, mus'l~ 

be defined :1.n "Ge:av.s of' the costs of ~e:fating . th!~ sysi;em ::rlO.d l1ot~ in 

tel"!llS of the simplicity 0'1.' the entities of th~ l3ystem~ 
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it3su.~ ~:r~ight be cOi.lG:ldej:,ed. P..rto-ther illu{rGj,:,s:c:!.Oll CI)uld be deva:Loped" rll'C'lHlCl thf::: 

Pi:oblf~::-i~ oX info:r-mat:io,n :flow. Shuulcl the iuquir:baB :JYSt{';Ii !:'e(~:-d. e.n ot\E(;:·::~''7J'~",.t:Lcn 

to be :ceal independent of the nt.l;:thod at: i"Cf.J tZ'ansI,l:lt."tnl, or clO~3 a:~l ObSE~):\'·d.t:1.C~ 

sain 'centati 11e l.lCCe]?t<lUJe only by v~u~ of the :f'a<!t th!Z'~t it can be ShOial 

that :1:" csn be ·~Y·e.nmll'i t·tedZ If the lett;,er e.l.W\(T~:t· oeems bez3t :E'ox· the pu.:cpoa~; 

oJ? syt3-cems design, then one mu.st accept 'ch~? :~·ea.1j~ty o:f: a tZ·B.llSi::l.:i"C·coJ. OYf~t'~llJ, 

ii' on(~ ac,cepta the l"eaJ.lty of an observa;cion" In, more general t·ej;'l1lE!., on'~ 

might argue 'cha:t !!to~rt ():,~ga.ni~a.i~ion6 uex:ts't; rr l)ecp.~us(:~ l1:l'bhout. Oi:"gn::li!i!J~:t;io:o::l ,f 

thel'e is no such th~.ng llS infol."Dlation. 

lh~opo6i·l;ion (&..) rne.lt.es no 'C!ommi'G:m:~nt aCt')ut the mev.ning 0:(' !I~lhole 21 f> ~PhUB.} 

one mig:~t s:rgv.e that or.·.ly 8n;£~11 sec·tiona of' H -t;ot&~ possflOle :rca1..1:i:;y Y1Ul3-::. 'be 

asstun.ed to e::dst, ellen though one a.esiens in(J:Uil"Y e~ong the lines that l3:tll(~e:;:' I g 

analysis E1U8!~ests" :But Pro:gosJ:Gion (b) asserts th~d~ the ,)n].;r f.!i!eq1:!.c.·1;~;e ~:L:j:~.n:~'t5 .. 0L 

of ''1.Jh()le'' is in t'srnm of a j)~:rfec-c system.. 

In philosoph:tcaJ. tl'adi'i;io:J.~ X is perteci; if it J.s no·;~ l:bl.:ttcd :'l.n :S()J:,?:H 

xespect • In other lTOJxlH J 'bb.e ,g:ene:ral prol;el-t,y II 8tJcd II c~a be sl~1:lclj:·';J~4ded. ~.nt.o a 

set o:f :9l'"c)perties: intelligen"c, h2:a.ut.i"Eul: l!:noul:ag" pmr~~j~:?U:L) and HO ':>n 1/ 

Entitiea ha.ving these:! 1?rope:l...-c:t(~S can be ranke:d; so 'clw.:c :fo:;:" e::!:Z:,UJ.J?le., His :n!Oi:'(~ 

llcuerf'tCL than II orclel's t~he Obj,;ll;ts of the ¥TOrrl... .Fm.' (~a.ch Huch :p!'o:pert:y ·i~he:,1:'e 

:i.B a ms.;cltral entity; t:!.,g .. , a.u t?oti'cy 'irhie:lt is mo:r~~ 1101fGJ:'j:ul thuD. al'J~r otlK:!" 

entity_ Pmuly,:it is e.St3(::1"'cn:d. that the m9.1{.1l;w,1 entit.y j~n nIl the ~PX'Olk:,!'t.if:HJ 

of goCd!Le~3S is e::~c-t~l:)I' the Ea1ill.~. 11 most :in:&el11.l5e~o:i; e:ntity in also HOBi; 

po'trerfu.l ~:.nd moat beautiful 0 ~Che (~.!EgJ.!~~!B!)_s thc.t ent:i:t.;Y'. 

Thus Proposition ('b) brenl;.s dOvra into .:l, aet. 'i:X(, USS8l"i;ionn,; 1·ihich C~!l~, be 

more fCl-m.eJ.1y stated eJ3 fallon!): 



(l) The lforld COIlBists of a. set. o-Z errG:i:'cies,; 

sat:Lrlfy-lng assert:ton (l~.) <) 

:ment. 11igb:~ :res;ll.lt i'ra!Jt tel~lnolog.y; those advoce:c:J.llgn.on-geneL"al vJhole Ei:rs "1.;elED 
". _ .' •• r • 

have 1.10 J.'"elev1IDce to l..utir.1a-('(: purposes. or desti:aie.3 .. 

But the :real opposi·G:i.on to P.ropooi tion (b) is. to bE;! ilOl).JQ.d in 'ijue I:Li,f; OM 

agreE!!llellt 'lith (4.). l!Iost syt3.tems t desiE;1lSI'S go as i'a)} as "Gllt.;;y COll ill try:iug 

It ia not very good s.t al.l for prcduc:lng COI:tsum.az· good.s, f~)!' e;W;.1~leo 



conceptu31ize the perfect system. For him, the ideal missile may not b·~ one 

that destroys perfectly. It !DaY I instead, be one thst preven"ts destrucr(;io..'.1 

perfectlyo In -this case, the original missile designer made a mistake :1n his 

selection of the :relations that. nmk. entities. In short, only if' one cor.t-

ceptuaJ..1zes the mostgenercU system '\>1111 one know 1-!M.t relations are appropxia:ce 

in ranking entities .. 

Leibniz '6 "single sysotemU concept can be formul.a"ced in ~no·l;he:!." fray 0 In 

our culture, 't'Te 1iypicaJ.1y segregate the :f\mctions that men perform, in 't(~rit1s} 

say, of the professions of research, law, education, industry, govel'l'llU.en.t~, 

and 60 on. T'ne professions come in contact only on "the pel~iphery1 so to sF~ak, 

17hel·e a man of' one profession consul.ts a. lllan of' a.71otheX'! In -the c~:w-tation.') 

the one learns a.bout the reaul ts of the othel' t B deli1:,erations, but doe,~ :n.ot 

take a. hand in forming the :resuJ..tso . This is eSfJentia11y a pertit:F.~B of 

our soc:'i.al institution into presumably separable parts.. Each Ilrof·essicm. con 

be understood by itself, bY' understa.'lding the Jl:I.annel~ in ~lhich it l:lorks, and 

the Finciples that guide its ac·tiollSo 

:sut suppose one were to deny all this segrega:hions of -'che professions:> 

and lTere to say, fore~gJ.e, that one cannot unders"Gand science 'unless one 
...... 

has understood i'(; as a menegement profession, or a :f)ol:ltical activity, or f:i!. 

legal ectivit:y"i For ·eY..a.llIl.,?le., one might argue that science can mane.ge en 

en'cerprise; or a pal--t of it, aJ.ld tha.t opera:liJ.ons l"esse.J:ch is just such 8. lTD.y 

of vierr.i.ng acience. One might further axgue -that there is acme optimal1-ray 

in ,mich science ce.n manage: an ideal. of scientific . management. FinaJ_ly, 

fme. might are;ue tha.t a necessary ccndi tion for understanding 'tn18"l; Gcie:acl~ is: 

is -the underatano.ing of hafT it· can and ought to l1ipnage •.. 

I-li must be emphasized tha. ... G all along 1-Je are discus:;1ng the d(~Higa of· 

systcams... lIenee 3 the. question is not to understa.nd hot! l?rene:a:'t; d.£iy sc:ir/t~ce 



... 
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can manage, bece.use this ~ be e. very bad design 'lues'ciano The question iSjl 

"(mat liOuld science have to be like in order fOl- it to be a. managemen-t'l In 

other worda. 'What is the design a£ a science 1ihich makes science en OJ;rtilua1 

is to conceive of management as a sCience. '!his, indeed, is '\-That is happening 

in· the cWi1lent developments in reseal-ch and develoPE-out 1 whel:e ma.neger£!nt 

is pJ.a3ring e. atl'onger and stronger l.'ole in the plannhtg of the phaseD 01" 

resea.:rohu There is an activj,ty called the manesl;sm'~nt of ecience 0 Thel,;~ is 

an 9pt1mal v~ in ~h1ch ms~agement becomas a science - i.e., a generator of 

inf'ornia.tion. To Understand management, one mu£rt understand it as a science .. 

In other llorciG, one l:ra:;{ to undel·atand mana.gement develo:pIX'..ent is to detel'mine in 

'\-mat 'Ww management can become a scientific system. 

The same them.a can be .~e;p~ated ~.n many contexts. To tmderetand science, 

one must understand it as a. legal profession, and -to understand the la;u, one 

.must understand it a.s a science. For example, To Ao C~'lan 8l"gues that la\l is 

"the system of controls for experimentation in the socia.l ac:J.ences 0 I'I; seems 

to me that he is trying to conceive of lat-l a}) a science.. I knOlT of no one ".rho· 

has yet been bold enough to suggest how' science becomes the la't-T, except jon the 

bad sense of a science that controls thought prccesaes~ 

Even "t'1ithin the ius'citutions themselves, the same pi:inciple could be 

a.ppliedo Fro" example, one c~a'c understand l?B~hology lm:cil one has 'lmderstood in 

what , .. ray :psychology is a physical science; i 0 eo, underst,allds hm'f paycholc)gy" 

must change so that it becomes a. physics.. The relrel"se i8 all too fam1liEu- 1;0 

students of the his"cory of science: the a.ttempt to unde~stand physics as a 

psychology. 



Thus? ·the system r S designer does no-I; undel.·stand his sys·tem un'til he 

understands it in terms o:eell the basic f'unctionBo The desif9Jer of a m:l.Gsile 
': . 

system must understand hOlT the missile sys·tem :ls a. productive sys"tem, a 

communications system." an inquiring sys'cem, and so on, ~. he is ·to unders·ce.:ud 

his· s~tem fully. " 

So put, Proposition (b) becomes in'celligible, aJ.though not necessarily 

acceptable. It s'cates that the understanding of systems demands a monism, 

a method of looking at all systems in one wa:y. 

Clearly, the F-..('oposition demands some :~easone.ble taxonomy of aystellw in order 

to be useable. If systems of type x must be understood as systems of type y, 

what l·anges of concepts do x and y entail? Our pres1ant taxonomy, ,.:-hich has 

gratm out of the tendency to separate func·tiona J llla¥ be far too a;t'l1a·~d to 

apply -,' A!!lf..off and I once suggested a. f'Our-1TaY "liaxonolI.\Y: all systems must be 

conceived e.. s sc1ent1!!£. (discel"'Zling the proper means tiO ends), and I>l:09:\lcti v~ 

(developing nelT means), and PQQP?ra.ti~ (coord:il:mting teleological entitj,es), 

rJ . ) 1 
an~ £.han~ '\ creating interest in ne'H ends _ 

Buh such a. tsJ:onomy is obV"!oual~r only a first step in the direction aJ: a 

monism of ays·tems. 

l>Te should note that P"..coposiiiion (b) together lr.L"th (a) iD:qllies that the 

perfect system. "exists" (> Of course, "(Ie nav-e demonstrated nothing of the sort 0 

does not mean "obsel~dt' or "observable. II Instead, for something to be Jealren 

to e:ds't, it must be assumed essential in the development: of inquiry_ One 

canp.ot separate ou:t se@l!ents .0£ inquiry and staID];) "existence If 01· "rea.li·cyu 

on th~se alone, beca.use, so the ~e;ur::en·t ran, i;b.ese ~eznwn·ts exist 8.B segw.ent/5 

only beca.use: o.f the l"est of the system.. We nevel" knO";'l uha:t l'"eaJ.1;r exiSr&i:l 

1 
Ef1~61ogiwi;icB, U,·d~el."Oity of Pemlsyl'le,nia., 19l~6, ~h2§£:L~21L,",.!;gs.U~1.~~,Y, 1950{. 

:t>rad:1.ct~oll a~d Q:Q·t~ ~~:7.1?i:9l1.:7 ,19600 



i'rhic.h Ol1 .. ~ 011Sel'7C!.ticma 1 our thilllt:tn..~, Ol..U: Xeeling, our 1rrcv.ition lTiJ~ J.ive 

as 'fell ·togethCl" an poss:tb~eo He take o'U.Ch an image to exist;; bltl; it :i.a 30 

telt.en onJ..y beca'U..'1e 't!e e.l'lgua the.t there 10 8 .. 'tmole image of trhich ours is an 

approxima:'Giono 

So lI'"ieued, ~.£"opos;tt:L6na (b) and (a.) state en hyIlothesis about l"ea.lity: 

namely tha.t there is an ~~ :r~1_:f.6aimumo· But far from .the proof" of the hypotheaia 

being simple, it nevel· rr.tll be provedo It il3 the most comPlica.ted hypothesis 

This brings us, finally, to Propositio:o. (e), nhich states that task of 

proof' lies in -the hands of inquiring SYS·te..TdS 0 To s'UlllU18.rize aJ.l that bas been 

said. h~l·e-, 1nqu.1.ring sys·i:;e.ms can be partitioned,. but 'an understanding of aJlY 

~e.I·t :req~rea an undel .. standing of how that pal"'t can functiail as ano'~hel· part: 
-. "·r. . .... .,.". or - ... ~ .-....... ;...... . -".... . 

fore:mm:ple, hOlT ~bhe observing part c~ .~e conceived as the part that develops 
" .... -.:..-..... . ":;'. 

models" or determines -the goals of inqui:t-y"F:hlaJ Jy, 'then, Proposition (0) 

along't-rith (a) and (b), asser-ts ~liha"t lfe cannot un.clerstaud the na.ture of inquiry 

. un"til 1fe unde:rstand in \<That i/(ay inqui:ring systems 8l."e theological 0 

~bls ~ef'erens:~: 1. hav<;: found much va.lue in the papers in ~neral §ystE:ffi!!, 

the yea.:~book of the Society fori;heP..dva.ncement ~ GenerBJ. System.s···Theoryo Of 

special inte:rest for the purposes of' '~his pa.per is an. &"'iiicle by AD Do Hall a"'l.d 

Ro Eo Fagen, "Definition of System, II "Hhich appeal'ed in Vol. 1 of 9.:..eJ1e:r4 §~~]!!.o 

The autihors de:f'ina systems in a. manner quite simjlar -~o the aef"i!15.t~l.on that 

appeared in an earlier ·a.reit of':':'thispaper,'''where I defined a. system as e. set 

of ent~.t~es, opara:tors I and relations, lnth the usual formal. ruJ.ea gcr/erning 

the fo:rmation of neY,l entities; of meaningful. assertions 1 and valid assertions, 

wi~h the further stipulation that the languag~ be rich'enough to enable one 

~, .. 
I 



~, 

..-,., 
'Ji 

t .•• 

to apeak of the .lfhole system.. I-ly'chief intel"eot then 't-Tas 't;o def'ine. "real II 

oystems.. The definjj;ion wS. clearly inspi~ed by the 1'1X'i t:tngs at the laut 

decades en i'~ ays"Gems.. T'a.is ae~1!S -to be the cane in the Hall-Fagen 

papei:, ,mere a. sYfrtem is ueflned to be "20 set of objects t~ether with re-

lationships bettfeen the objects elld betw~en. their u..t'Gl"illutes 1I n 'l:ne. authora 

also:t.ntl'od\\~e the concept of the "indepanderlce" o-z Ji<;'!Sts; a. part is inde-

pendent if a che.nge of. 'the part dCllendB only on th.~t jj!l.I"'C ci1on~.. In this 

llaper I discal.--ded ·the definition ofsYl:rliema in t,ex'l'llS t:rf fo~me~ized J.an.su.e.ges in 

:favor of an emphasis. On ·the e:r:e~ti veness measu:ees of the !!arta and the uhole, 

because only -thereby couJ.d ! o.iecUBs the kind at indeIJendence or dependence 

that interested In?,. ne.me~., the cr:1.teria by uhich t3YB~Ge:ms C',.:re designed.. It 

seemed to me that -the formal-system approach ·taJt~aa the partiS to be given, 

as vrell as the rUles that gmrern the beha.7liOl~ o:f' ·the l1a.rt~:I 't!here as I lomS in­

terested in speculating about hml\m.e~··d.ecides v:lether s'Ol!!f.:thing is a. part; 

and hmr one evalue:tes 7che decision once made r; 


