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than.desian an gbgtyaction. Yeb, further ‘shought . shows ‘thet the guesbion is

l. Toe philosc}pher mist peint lerge or else he loszs the purpose
Gf hic technlques,

¥Man lives .m e world of many cystens. Most of these
he hes inherited from his predecessors, who themselves siaply added o wasd
wos given them. Oure systens have beea designed in layge pexrt Dy the gecldants
of historical necessity. A veflective mind, therefore, Tivds much to think
agboub when it poses the question whevher reascr could iumrove the dealgn of o
system if a1l the historical givens were wipsd avay. For example,; how vould
\}e design ouvr _cemnﬁ.cation sysiem if we could stort from ac:m-bch with all
our present knowledge? How would we design our tronsportaticn system, owe

mexkebing system, cuwr system of internaticnal contwrol?

Is there much polnt to. this guestion thet reflection can so easily ask?
Ve koo we cen't throw awaey all cur commamicablon eunipment, and -1;1@.7;»;&5;:&. &
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more practicel guesiicn would be to ‘deeide hov to medlfy whab vwe herre,. rai:hf;fr'

not neive and useless, for if we pucceed in designing on idesl sysbem, we will
inevitebly come Yo widersiend vwhet kind of e sysbtem we're talking ghoub, end

we shell sxwive ab eritevia of effectiveness relotive to wolificabicys of exinb-

ing aspects of the system. Hore importent, we shall be oble to osk some very

- good questions, becguse-cur ideal will stend 28 o challenge to realitys why

should mabtters be zua ap they are, vhen there gre for betier ways to xuwa them?
As we reflect on these gquestions we must come Lo wealize thal the pewbi-
cipants in the cctlvily of systems revely cemaider these isnmuesg. fn obhse

-

words, it is more likely than not thet the evidence for e clear wmderstending

of o system will Pail Lo include the judguents of the huzans who play wverx,
gebive roles within the system.

2. fecience is a system. Ib i3 a syster theb bes come doum Lo us froe

ouy predacessors, who themselves modified whet they inhervited. Hisborical
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nec;essi‘f‘y has; often been -:es_ncnai‘olg.fo: the form of 'l;he's;rstem of selence.
Haove we any reascit to.expect that historical accidents have beguesthed us.
& system thet 1s nat. e.l ogether satisfectory? Have we aay reascn -‘r.o. suspech
that ocur gcience is a very poorly designed system?

In other words, if we could start from scratch to design e system eSpz-
cially sulied to create knowvledge, l.e., ea inquiring aystem}how would we
proceed?

The design of systews is a series of problems; in each rhase one must
display the alternatives snd txy to select the best fram the resources available.
The replly difficulis problen e to discern a zeasonsble sel of & ‘..1 wernatlves,
especially uvhen mea hecome 80 used to one possibility. The pwrpose. of this paper
is ‘to pose somez questions e,bauli‘, the design of inguiring systems and ;3_.0'5 o
arrive at a design Liself or even genersl criterl.; for design.

e we cen't vwermidt ow:selv'es ‘t0 ask these questlons uwatil we qu.ve nore
assurance thot they meen sorgthing . There are fpdy different viewpoinis aboub
vha.’t "j.mlul:qy imecing and sbout the meaning of ]mo* leaoea The term "system,"
'thcugn Fery BG’DU...L“J“ thesc days, is Just as troublesome. Esch discoverse of

"systems sclence’ hes hls cwn definibion of a systenm.

The fyemework we shell require in order o stete the questlons wesis on

& specific wmeening of "systens,” to 'lvﬂiCh we tuen £irst.
3“ .I‘e.l thoug}z 'mon:!o do saf that the plareﬁs ana sun, geometyy and & z,u’ccmom.le

ystems , ‘these :Ln.,tancos do not fall under ‘the cancept as we intend ©

use '.i:t_ here. Ve postulabte that systems are examples of teleological things,

i.e., things sore éi‘ vhose properbles exe functional. This pestulste does

exclude the "solar system” If we lock abt the planet and staxs sz modern

seience has tourkt vs to do. Tb may even exelude "Pormol systems” lilke geo-

pobey in meny cases. But if the exclusions seem lmproper, 8o thab "gysten" 18

to be reserved For more general usage,then owr pestulebe requests that we

concentrebe on o suhelass for present murposes.
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Yhat follows is sczsuhat tediows, so that & homely exemple way help to
follmr the loglc. Consider an oxdinary electric stove, with Live kmobhs
conbrolling the heat of the burners and ovepr. Tne "world" to he observed
is lnibielly descyibed in terms of the position «f the knobs, the tewperatura
of the burners end the stete of the water in the pots (cool, werm, simmsring,
hoiling). Any two o more kuobs in the same pesition belong to the seme

morphologiesl cless. Simllerly, eny tvwo burners with texperatures in the

<4

some renge (e.g.,. within 5 degrees ¥ of eash whher) belong to the Lo ROETBG~

logical cless, as do any two pots of vaber 1z the spwe state. For suspose ob

time %, one of the Jmobs is tured but ell elze womatng Tixed. Ve ooy thob

¥
burners changes Its temperature. Vo ony the knob's zeas* Slon &0 -1‘;0, *f;l eed

‘the knch hes chenged i‘ts_msrpholpgy. & @ laber wmﬁ, of time b, one of Ta‘ﬁ%

the burner's temperature at & mesning thet bad this kno: been in EL.J o .3.2:3." nozdtinm,

Y.
soxe obher tempexsbure of this buwper wovld bove cccwrred. Also, &% oooe still later

Lime ‘uhe Imoh's fooslaion av 'b end. tb.e hep*‘}ﬂra.twe of the mwzn.r ab 4,

Y2

produce boilhé ':rnvr in a not. Iﬂc e.lso note 'bhm. Lhe bolling '**at»r could

have been profuced by other pcsitiozﬁ,s of the Im_eb. &b 1;. - In his cass, we

call the set of boiling-produeing rpasitleons & fuactlcasl clogs: e membars

the class have a differsab morphologzy but a coumon profuet. Finally,
introlduze :i.nfi;o the scene g.cogk,, ¥io can produce .,.anq,.r bora of any knoh. Eals
meens tha‘i; he can m'cdu.ce functionzl entibies. Ve cell oueh o ootk &
purposive individual; the £ipsl e;ar‘t (the o I.l:mg uwhber) 4o his purpose; and the
sebt of hhins?s he can- grcuw is o teleological cl 1038,
bhe e now & try to explicate the zRenIng m. taleologicel classes mowe w'euﬂ,mly,,

by twning to & mors forwal and technicel .;::a;»;;ﬂsi .ica of the ideas cmi,nmed
in this exemple. S*zzs,x?,.:‘ (1960) provided vo with o deep insight into the & ., BRIy
of teleclogy. Mcw.-sml -.cl&asea,.‘ he says, exe abe s.;g» of c:ri::i:bi.ezz_{ '-i:hz,f‘t ,g:v:g

a,lmhe vith respect Lo Eholy yzmdw ticn of zs, cz.r%zfm end-ropult. Iorve precisely,
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functional clagses can only be defined in the framework of a cause-effect
model in vhich aspecis of eny time-slice can be individuated and identified.
&n entbity A, in a specific region of any time slice So’ is e producer of an
entity B in another time slice Sl’ if it setisfles three conditions, waich
exount to saying that So precedes S:L’ that A must occur in its reglon in
so iP B occurs in its reglen in Sl, and that A and B are proper subsets of
So and Sl respectively.

It is clear in rony couse-effect models theb eatities of quite different
l::m_d can preduce the same kind of an end-product. For exmmple, meny compubers,
orce they are running, ave vitually cause~effect systems. Sowme items in the
wemory ey be essentisl for soma later resuly, so that Siager's conditions
sve all sstisfied (e.g., if the item does nobt oceur in its specizl vegion at
“time %, the desired result will feil to ccows ab o, ). The item is thevefore a
producer of the result. Bub so are mony other ilitems in the computer’s memory.
Rowr if one concentrzbes on the producer-produet relwationshlp and forgets abéu‘c
the differences din structure of the items, then cne thinks of the ltems as
Tuncticnal classes. Thet is; all items in so that are esseniiel for an output
in Sl belong Lo the same functlonal class.

Singer shows how cne may effectively velax the condliicas just specified
for the definitica of functionel clesses and therehy speak of entities hamlng
a comuon potenbial produets. This is done by confiyming within the model that
gomz items of a glven structure hove produced a gpecific produet in a given
type of envivonwent, and some have not. In this case, 2ll items of the claes
are said to be poteutizl producers, Further, one can introduce @ metric in
the classes ond describe the probabllity of production. Alsb, one may wonb
o define functional classes (e.g., a mechine's oubpui) in terms of things

that are compon products of one producer.
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5. 'The exg?nsion of the definition of function to teleologmy is falrly
straightforverd. Suppose that sca2 of the elements of & functional class
that.ccmld.',o@ccur in en eaviromzent are the output of one individwel. If so,

wve call the potential outputs "means"” and the commen potential product the

"end. " '.Eae special elezents of ‘the functional class are then alternatives
reletive to en end-product. In this case we can call the class a teleological
class, end the end-product the purpose. Since gll mzwbers of a teleclogical
class ave potential products of one individual, they are fumctioral in two wayss
es common potentisl products of the same producer end cammon potential producers
of the seme product. Next, we note that we need not restrict our ettention

to one potentisl end-product. If we comsider several, then the teleological
class is defined in terms of several emds. But we glso want to maintein the
gare sort of e metric that was developed for & sinple end. In other words,

we vent all téleological clesses to be crdered in texms of o "more effective"
relationship. Perhaps the simplest way to acccuplish this is to veight

the end products and develop a setric from the product of the weight

probabilities.
The important point in weighting the objectives, however, is that the”

velghts be functions of some property of the :',n&iv'idw; who can prcduce

the alternative meand, Specifically, we shall want to say that the

welghts comsoond to the 1nd1vidual‘ “int‘.edbioné" or "utilities"

or “va]_.ues." - 'In this case, we can spezk of the individual as a purposivé_ |

entit'yA.‘.:--h I. |
Injétzlxﬁ'; a teleological class is a set whosé members havé a

common producer, and a oommon potentlal class of products and can be

ordered by a relation "is more effec’oive than‘," which depends on

the prop_ertles of the common producer as well as the probabihties

of produdtiioﬂ:ﬂs'f" .
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Thus, an eabity ls teleologlcal by virtue of the fact thet other entities
could {ox do) exist that might produce the same resulio znd might de produced
by the same deslgner.

Wz postulate that systems aze teleolbgical enbitices. This meosns thot if
sopmething is to be called o system, there must be alternative systoms, and thoye
must be a degigner vhose intentions are cxpressed in terrs of the coaxmon poteutial
products of the get of systems.

6. Bubt not all teleological enititiles sre sysbems. The diffeventilatiag
feature of systews is that they ean be aoparated into parts, and that the paris work
togethey for the sake of the vhole. Hence we postulate that a system conslsts of at
least two teleologicel garls; the effectiveness ucasures of sil parts, it

roiinlzed, yield on moximm effechiveness measure of the whole system.

Moxe precisely, a systew can be divided into poxts. IP the #ate of
all the payts but one is held Lixed, then the ei_’i’ectivemss of the systen
will inevease a8 the part 1s made more effective. It should be enghesized
that the postulaled velabionship betwech part efiechiveness end sysien effective-
ness 'is g relabively week ocnz. IL merely asseris that in system’s design, one
can alvays imyrove the system by improving one of its paxts. But the gpathuey
to the optimal gystem 3my not ¢onslst of luproviag cach payt, ore by cne, unbil
it is perfect, bocause opee cne vt is pevfected and caother vewt i1s chauged,
the First way lose its Uop positicon., In other words, 1:&1::1:‘ Tomk oydéer Jor oug
zaxt wmuy cempletoly shonge i€ another parh is changed: tho goal oweders ey Le
fupeiicns of the stete of the parts. This considerptica is contikl in vhat
follous, beecauze we zanll bz: intovestsd in two gepoval kinds of cysteoms, ihe
caz in vhich the zenl ovders yemalin fixed indspendent of the other pavis, and

the other in vhicsh the wank orders depend on the stsie of the other poyts.

-

e now define a "systen) ia wore forma) bevms.
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Consider a set of eatities, Sl 3 82 s ete, 21l of which are msmbers of the
same teleological class S.
Let IL,, 3'12, --= be the effective mas,suxjes‘a,ssociated with Sl R 82 - TE-
- gpectively. Let ¥ be the nex (Mi) , and S% the corrvespending member of S.
Lot the relation ‘?-stand for "is part of" él’ is binary, asyumetriec,
trangitive, and its domain is the set of all entities).

S is a class of systems and each S, in S 1s a system if snd only if for

i
every S 1 there exists a set of et least two entities ] { si} , such that )
(a) each sg is & wmember of some teleological cless x's'i; (2} sg is a

paxt of S 5 for evexry J; (c,') there exists & varisble y which takes as

its values the measures of effectivensss of the members of 5, and a

vv.fz‘:table .X‘j vhich tokes as 1ts values the measure of effectiveness of

‘ éi , such that y is g wonotoaic nondecreasing function of e;a,ch '?;;j , and Tor
some values of X;j , ¥ is a monotonic ineressing function of xj‘ I.{cance':

(&) a system S% hasvs. maximm effectiveness ¥¢ in § if and ocnly 4f exre;;gyv-_ a

part hes mezimum effectiveness.
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In other words, every elternative sysiem Si is wede up 'o:f;' teleologleal
parts conditions (o) end (b) ; one system ic morve effeckive then emother if
{3 parts are more effective {condition- Qc)} . Hence (‘condition (d)_] the most
effective system has the most effective pa:'bs. o

If we think of systems from the design wiewpolut, then the designer can
be concelved as zplitting his problem into subparts; in each subgart, he seiecv'r.s
one out of e set of choices that (he hopes) will do its task as well es possible;
he then puts together the pa:fts in such a menner that cpbimal nor"omanﬂe of
the vhole is ableined when each part fupctions properly. 'fhe difficult problem
of éyei;em desipgn is to accomplish this relaztionship.

It is elso lumportont to copsider the iamlied closuvre condition in the
definition of both teleclogical classes end systems. A mebhod of ranking
teleolegleal entities is to be validated in texms of the inlent <f the designer.
If a given method leaves out soame critical aspsct of the situaticn, then it
camet be construsd as. vanking properly. In other words, the vanking method
mst be closecl srith vespect to the individusl exd his envirvommeant. The designow
of g system must tyy to obtain enough informaticn o decide what rarbs ave
approprizte.

Ve howe elveedy menticned thet in sawe cases a pert of a system can
be designed withoud c.c}nside:r:ing the design of other yerts. Whether or nol
this is possible die = mabtier of fTundemental ccmcérn to the dasigner, and
viil be the principle concern of +this discussion of the design of inquiring
systens.

Ye sey thet e cless of systems S ic sepaxeble with respect to some part
i¥ the reasure of effectiveness of the paxrt is independent of the stetes

of the other parts.

™




More precisely, o part of a systen is separaled in a week sense if the
optimal éﬁa‘te of the part doss not. depend on the states of the other payts; it is
separated in 2 strong sense if the ordexing of ell its possible states remains
invarient with respeet to the states of ell the other parts.

Ve say that & class of systems 1s weekly séna.rable if it cen be so described
thet abt least one of the parts is weekly separated; it is strongly separable if
it can be co described thet at least cne of its parts is strongly separated.

An exemple is clearly required at this poiat, and prceduction systems afford
excellent illustrations since they sre awong the most cerefully studiea system
we kaow about. Ccnsider a manufecturing system. One typicel wey of partitioning
the system is 1o bresk it into these .subsys’sems: procurement, order processing,
production scheduling, production contzol, lsgbor force, inspection, packaging
end disﬁributiqn. In 211 p:coductidn systens with which I em Tamilier, ncae of
thesae parts is vsepe.rated in even a weak sense. The optimal procurement pélicy
aluays depends on the wey in which items are scheduwled, the optimal xoduction
scheduling depends on how lahor is deployed, all parts depend on the extent snd
timing ef' con'hrél , and so forth. Indeed, most students of precduction auestion
whether monufscturing is ever a _semte_d rart of the whole organﬁ.zation {e.g.,
the opbimal manufég:turing ;goliciéé »' depend on the stote of thé subsystem ‘that

controls. investments).
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Speeifically, cpe oiten tries to denlgn a pyefuctica echedvling system
by moxe op legs lgrozing the otber especte of the firm. As o veoull one
zay move B0 o sysben that works pevfec 1y as long as the west of the
zolieies pemain £ized. PBut vheon the deployment of lobor chaonges, or Whe
rerketing systen is medified, the mroduction system then beeames uworse than
it weo before it wac redesigned.

On the othey hend, o wen assigaed vo d&lg a treneh might bBe eawsldered
as & oopexeble systen? whal work exch cecoupliches simply cédg o the botal.
Scre oymbems thet eelleet and store dtemn zay also be ecmﬁ:-maﬂ_ass senerebls.
Algso, a systen depigaed U9 solve problems in o Poezael Pramevoek may We
scpazebles  the opbinal method of solublon of ene Troblem moy not dopend on

how the other prehlens are solved.
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It is not difficult to describe the concept of separebility in wethenatical
'.bemp.; Buppcee there is a teleologleal claess of gystems such that fox every
% ¥ / there exists o corvesponding system with effectiveness T(x,y). Supposs
T (x,y} 35 a continvovs functicn in x, y with pertiel derivabives Tx end 'l‘y.,
Pinglly, suppose that T, is o function of x only and T (za, ¥) is a fimction of y
ondy {i.e., T {x, ¥) cen be expressed A(x) + Eiy), viaere AMx) is a function
of x only, and B(y) is a function of ¥ only). Then the cless of systems is
seperable into o parte, the one conitrolling the variable x, the other the wvarizble
¥o In this case, both parts are strongly separaied.

But our interest in this paper 1is not in the :E’Q;mml_. rropsriies of separsbility,
but in the evidepnce for seperability. In other words, if it is clear that some
_;E_‘um_:i;io:a of o set of verisbles can be used to rack the elfectiveness cf a class
of systeus, thea 1t "aa.y be 'r‘ela.t:e.vely easy to de*&ezmine 'cme'aher th-ﬂ pjstems e
- - geparable. The 'oxoblem :!3 Lo prove i:ha.t a spﬂcii'ic ma‘bhe.m"on.cal *fum:"'i(m is

sporoprigte.

In this regard the leeson to be learned fron the study of preduction
systems is an ..mrc“u.,nc cne v'elatw ve to the empirical deteviination o”
the effectivenass of ayﬁstez;ns-, and therefore ahould be .explained in moue
detpil. Vhen we exgnine g prcourexent rolicy,. vie normelly abbempt to
measure scue of the relevant pro_peri'bies of the system: the way in which
demznds come’ ingo the system, the way in which prices wvery, the costs o
rlacing ovders, the delays In veceiving oxders, and the costs of storing
itoms. These measures are then combined by o medel Lo form a wsesure of
the precurcment effentivoness. In ebbempblng +9 measwre these properties,
we must exemine how other parts of the whole system srw operabing. The
dewend, for exorple, iz the consequence of policies of the production
departzent or sales depariment. The ecost of placing ordsys is the consequence

of policies of the ovdsr dewnriment. Thz cost «f holding stored
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items is in part the cousequence of policles of investwent of the fiwm. Now
these policies of other pexts of the system cen be wavied; in fact they determine
the efifectliveness of the pert with vhich they srve assocclated. As a con-
sequence, any go-called optimal policy of the precuremznt system is assevted
%0 he optimal. only becavse one sssumas thait the obher xelevanl policles of
the other ports ave opbimzl. In othey words, the mprccvrement systen's
effectiveress is measured in terms of the effectiveress of the other tarts.
In this case, te infer that the proeurexzent asctivily is a acaseperable pazrt.

This excaple can be generaliszed inbo the following principle of
nonsepzrability: a paoxrt is nansepasable if Its effectiveness is reasuved

in terms of the teleclogical properties of other parts.

It seems clear thalt scvarability is o desirable promexrty of systems. We
caﬁ therefore swmarize this discussion of the nature of systems by actiag two
fundamwental problens of the systems desigper: to identify the payts (i.e., to
define teleological entiiles such that the system effectiveness ls a monotoaic
funection of the ;oar'z;'affectiveness? » and vhere possible to design the part so
that it is scpaveble.

Ve should note thet a system xey be designed es though one or more arss
were separable, snd operabed in this manner until the seperation is no longer
feasible, ob vhich point the system is vedesigned. This, indesd, 1s the nabtovel
weoy to regard the scperaticn of verts, by means of 'mavegement by exception.”
In the end, we shall reburn to this type of deésign end vy to meke its usening

wore exolielt.
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T. Supposing that "system” has been well cnough dePined, we wwrn to the

s

meaning of "mqu:n.:{'m in the phrase "iaquiripg systems'. In general terms,

inclmLi'in{g sys*bems ‘have s their purpose the genersticn of knovledge. Bub

thess general teims ‘e.m. 2ot very helpful in discunsing the systemabic properties
of mqu:”w We can gpgercach a 1ittle nearer to the preclse definlition of the
goal of inguiry if we say thab 1ts aim is elways to increase man's wndersionding
of his world. Uhen a mon understands, he knows why an event ceeuwrrad. This sug~
gests that the wderstending man is never summisedo This in burn suggests thab

.....

“the o*rc,nb that is unﬁwsi.ooﬁ. is in Saxe sense 1°eatmc'ian'c for the wnderstsnding -

EE P

Ges e e

person. And finally this sucgestﬂ that the sin o:ﬁ‘ moui:cu.lg systems is to
mximize the redundasncy of events. Thege suggestions are all tentélizing, and,
require further explorsticn. For the mement, thou@ 3 1~ié ghall lesve the defini-
tion of inguivy in this suggestive form, In corder to discuss the m’cﬁxe_ of in.
quiring systems. In the epd; we shall have tp come ,_'_bs.c'k to the definitidn 1tself.
8. The question of this ‘oapc.r 1s: to whai cxbent cen ingwiriig systems be
des:iig,medﬁﬁ;h seperable perts? We begin by considering scume tradiblonal answers
bo the question. Two schools ‘ci‘ thought thet characterize Western science are
{1) the ratiopelist: thet it is possible to think correctly, and (2) the
ermpirists that it is possible to observe objectively. Bub these 'braditioﬁzs
ere also phresed In much atronger terms by some scientists, nemely, that thinkieg
and/or chservetion are separeble parts of aiy system of inguiry.

This stronger position, it seews to me, is the essence of positivism. 'me

- eruciel point is not that thinking or cbhsarveticn mey fall into e:cr;o:-é; evexycne

yecognizes this poséibili"cq;.. The positivist position is that it 1s possible to do
the best one can with some acts of thinking or dnsemring without heying 4o be

concernced about the uses to which one's thouvghis and obsexveiions are wub, or
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the way in which they are camamicated to others. Again, cperaticaism is &
philosophy thet seems ©o argus for sepoxebility of inquiry; 1t believes thet
a concept can be defined with moximm effecitiveness by specifying a set of
operebions independent of the use to which the wesulits may be put or the methods
by waich the vesults are commmicaied.
If one believes in the sepsyvebility of cbsermtidn, then one cen ergue

that although the ncnselentific politiclien may eay to the selentists "it

is too bad you zweke this observailon todsy, bacause as a resuldt you have dis-
turbed the political scene ond I must try td prevent the recurrence of your
act,"” the scientist can sensibly reply that the observation was still

"correct." Even though the ecientist dies, he was correct, because on the

basis of the separabillty of observatlon, the act of observing con be pexrfected
in itself, and its veluz dcee nct depend on the mamner in vwhich the observeiionsl
report is yeceived.

How 1o cane questions that ing_uirlng, syetemsa; ca.n'be, designed in such e vay
that the cholce of one part does nct r?.epand on the choice of the obthers. Yhe
c_;u.estion is vhether an Inquiring system so desigred is ever coptimel. I oce
insists that o distinction bebyeen obsexving and the use of cbservaticms must
b2 made, then one has nre-cambed the resgponse to-this guestion.

Before cc‘:-nai&.e:cing this gquestion in more detall, we tuwm first to those

“varis of eny lnquiring system vhich no cne believes ave separable end the
proper desligns of which obwiously sbill elude us,

9. In order to discuss these rrchlems, we tiy to present one wartiibioming of
a systen of inguiry, withowt thercby claiming its guperioricy to other schemes.
Tls cne has the edventage thel It scems to £ollow o logicsl sequence of

steps, bubt this advantage may be iliusory, of course..
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Bort 1 i,*z"wl-.’!es the regoirees of ponnorer ond faciliiileny
Parh 2 determines what specific cohjective an inguiring systeas shall
pursue:  l.e., defines the problem area;
Powb 3 specifies the wroblem, i.e., creaites e model within vaich the
problen can be defined (the model dfben being expressed in o Pormsl system;)
Poxt 4 detemnines the loz;ical conseguences of (theorems) of the model;
Part 5 specifies vhat date ave requived, in m,ar. foum; to vhat degree
of precision, in vhabt gmoumt;
:E’z_;rb'é speeifies how the dote ave to be collected;
Poxrt T collects the data esceording oo the reguivereats;
Part 8 transmits the dote to a central point;
Fart 9 englyzes the data;
Port 10 produces & seb of wesulis;
Part 11 shorss the resulis and tronsmits them vhen anseded;
‘Part 12 aebemines when sbored resulis are needzd and how they are to be used.

The raticnalist thesls. is that inquiring systems can be so.desiganed that
Pavt I is sepsreble, and the empricist thesis is that they con be so designed
that Paxt T is separeble.

10. Befcye exemining these theses in detall, we.can satisfy ourselves rzather
quickly that saie of the otheér perts are not sepsyable, and indeed thot theiw
prover design is still an wpsolved problame

Consider, for exswple, Part 10, the paxrt of inqmiy thet stores and
vransmits informatlion. In esylier “imes, men thought of communication systews
in reletively simple terms, perhens because the botal awowat of real informebion
was small. The aliexrnabive designs congisted of wixbures of talking and weibtlog, of

personel memory end writien documants. Teday, we all xealige thet the problen
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of storing and retrieving informelion has become sericus and that the nuber
of slternative designs is very large.

If ve were to stoxt from the beginning, would we build Libraries with bookn?
Would we 'pulﬁlish Jjournaelds? Would we hold meelings with.pspers? Would eaech
scientist's study be :eg_uié}ged with push bution renels thob vmﬂ..d. call up what
he needesd 4o lmow on a television screen? thet Forim wovld such informabtica
teke? But hor would 2 resesrcher in sucﬁ an eavirepment know when to reguest
informsticn?

&t ov:c preseat stage of Technolopical developmont, we have scme valid zepoons
for suspecting that science is poorly designed in its commumilcsticas, £o poorly
that the resuliing lnefficlency moy ©2 colossal.

In eny event, it scems. cleor that informeblon rotyisval systews eve not
seporoble. For eusmple, the optimel infdrmation systen depends on how the.
vesults ave Lo be uded (Part 31), as well es the form of the results (Fert 10)
apd their structura (Part. 3, Part 9). This assertion seems cleer if we concelve
of inquiring systens asg very lewgs. For the time being, we shell want Lo reserve
Judgzert on vhether cerbain types of ingulry cen be separated from the rest of
Inguiry, i.e., wnether the most general inguiring sysbem cen be separated irko
inguiring peris.

13. ';?éiizﬁzsid.er also Part 1 which could be called the parbt concerned with the
political économy of sclence. Scilerce has o politics of its owm, and its
political o.c‘hivijpies of‘ucn come iuccn:E‘J__ict with the politlcs of business and
of povermment. %YWe scmebimes tend to think thebt the nolibics of science is
geed, hecouse I suppose, everyone wanos mere knowledge end therefore the
polivical acbivitles of those who acquire Imovledge for men mjst he sound.

Bub g libttle more henesty leads us o susvect thet the menmer in vhich sowe men
beccoze leaders of science may h;r.ve been quite costly in texis of »uined cavesrs

ond dollars, and thet the kind of research thed receives large grontes moy not be

!
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the best research for the development of science. Here ggain there is a
prevelent end oid vioupcint thob wonks to distinguish betwetn sclence erd its
politics; it sometimes tokes the incredible Yorm of arguing that scilence is
a body of knowledge, and politics 1s people, and the:?efére tha two must be
different. In any case, the issuve is vhether one wants to argue thet it is
possible to ovtimize the systen of sequiving lmcwledge without ccmside:-:ing
the political prchlems theat such & system genevates. That is, can the oplLimsl
political strategy of sclence be determined independently of the mest of |
the inquiry? Tor exemmle, csn w2 maximive our elfeciiverness in edueeting
potential sclientisbs withouwb regowd Lo the strveture of ipguiry itsell?

More gerlously, we higve o ask curselves whal the proper s:_I.ze of Paxt L
should be, in crder to be able to guege 1t real effecbiveness in the system

o inquiry. If science ccupetes with other systems iIn enlistment, then sheulén"’c.
:thg vhole higher educatlonal system be regarded g3 o gari; _qi‘ sclence?

12. A1l these questions cen be' made nié:cé difficult and their imporitence
clearer If ve realize thet sclence is an institublon devoted to survival. Iis
programs are desiguned for long rapnge objectives theb caﬁﬁct by their nature he
acecmplished in o genevablon. Hence, one strategic problem of a sclentific
Broject is the optimal bequeathing of the project to th«:ers s Just as cae q'iere.l.l
sbrategy of science is bequeathing lts work to the nexit gencrotions. Thai is,
these ere sizategic érfobleme mless we sccept the viewpoint that sare Inguirving
systems cen be desigred with sepeveble paxbs, ezch yert bhelng en inquiriag sysiem.

(S

Thig position would amount to asserting thet "facts,” cace cbiained, coumsbitube
knouledge even Though no cve besides their discoverer ever sees them. This;
in tumn, essupes thet scne "facts " connot be improved, e point uhich we
shall wvant to exzmine with scxe care. “ |
I? e admit the bequesihing problen to be an essential poxt of the
problen o".r? seientific msy ci, then we must include within sciemce the strategles

-

of its survival. The coupeguence iz thab the syshen of seispce will becoms
sk a <
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very lerge in erves "{ahen politiclans and indusirizl managers seck to use
science Ffor ends that comflict with the sim of selentific swrvival. In othex
words, the system of science mwst include estimmtes of opbtimel intermaiblongl

policy,. if internaticnal policy could thresben selence's existeace.

13s. Ab this point we can afford to pauee ond ask vhether the conclusion
Just veached makes a difference. OFf course there arc very wony scientists
who do not belicve that world politles is e stientliic isgue. Toeir éigbolisef
is baged on thelr implicit asswmtion thab ‘bc:_&wce" is simply the oubpui of whet
I have called the system - L.e., the body of imowledge thut the sysitem craabes.
Bub then most of thege scientists would include the logic of geleniific im“emmé
in the corpus of science. It follows thab they are willing Yo inciude in the
"hody of lnowledge” scae soserticns obows how the systen ought to work. If this
much 13 inclvd.eﬁ,. then vhy not the rest? On whabt besis ave we to dray the
borded lin'_e bein;e,e:i -ﬁhe intexnal aﬁra;heg;ies of sclence and its e:r:l;emzs.lu S'tzﬂat@g:i.éa?
Hove to the point, if seience 18 taken o be an inquiring system, then
Lor any part of scicnce one must ask for the displsy of alteinuvuive designs,.
How ane way to desiga the politice of science ls o ignore all considerabicas
éf the activities of internnblonel politiclans. fnother is o 't:aké sone of
these activitles inbto account, and desizn e .s&s“aem of inguiry in which ;i:a'isemz.~
tlonel p’olicy xalung .«.a 2, part. The qp.estic;tn- is: vhich albeynabive provides
o better design?
COpe wight reply that we doa't Imow gbout intersantionsl politics. Tals

is true enough, bub our ingbility to solve @ prodblem deoes not typleally exclude

' the problem frem science.
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Still, even if those wio smabt to keen science pure are illogical, does
the issve moke e difference? Most selentists ave concernsd about wordd
politics and would like to hélp. t¥hat Qifferende does it male whether they
regaxd the leisues to be selenbific or .nonacientific’é

Thexe are a2t least two ways in which it does zmkc g difference. The
Lirst hes to do with sttitudes and the scecad with »eflecticn. TP commmicablion
and world politics mre vegarded t_o‘“be sclentliic issues, thea the status
of theoze who work cn these issuen ls iaproved in the scientific cormaunity.
Much move lmpoviont, sclentists themselwes will realize the necessity of
rigorows oralyeis end conbrolled Pact finding iw 'i,he study of these problenms,

qualitles that seem to b2 lzeking In many of the ,cui*rex’ri; discussions. Finally,.
if these issves cre itoken Lo he 'sé:iem;i:'i‘ic, then our best minds my wand
to weigh the scientific value of working oz them rether then on mebiers of

‘energy end spmee. o+ o e ey

The second diffei?\mce is re‘fiective'. I seid a’bm:e that wost scienbists
would plece the logie of lunguiry in the -co:c'_pue of seieace. Bub I think that
very fev of them bave ever tried to check this logic in the same gense iun which
they check discoveries in their oun fields. The validsbion of the
logic of inguiry cousists in showing that cevitain activities carvwied i
Cwithin the scientist's m?aore.to:'y oy study are opbtimal weys of resching resulibs.
In the remminder of this vapexr, I want to cast doubbt on the operaticnsl ef-
Pectiveness of sexe of the published accounts of the logic of iagulry; the doubt
will be based on speculation ghout the system of science. Specifically, I |
want Lo exemine the separability of Part T.

k. Part 7 is the activity of colleching dota.. The history
of yreflection abmrﬁ modern écience has centered about tae

seientific enterprise. Bubt we know thabt these so-called givens ave in fact
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“taken" in rather specific end elaborate ways. Our ivterest here 1z in the
design of ohservebion, ie. , in the altexnative methods of chserviag the world.
A% the outset we need to define “cbservaticn”. The comcepis of producticn
and purpose which have been defined esrliex willl be useful in this regord. Bub
before entexring into the technical details, wé ought to wmke & distinetion be-
tuecen censing end obsexving. The distinction' is besed.ca the notion that ssa-
sation is simply o veaction of a purposive indlvidusl to sozetuing thet Ls
oceurring in his enviromment, wﬂ;ereas o’baes:*vatien entails other properdies
as well. BSpecificelly, observation entalls the reccrding of the sensgiion,
vhlch seens to memn the transi’orma'bicn‘ of ‘the sensebion into scpe entlty wiich
is zeletively stable over time. Thus, we sy that "X seases ¥ in enviroament
K" 38 true if (2) X is & teleclogical entity in M, (b) ¥ is an emtity in W,

- (e) ¥ produces a changz in the behevior of X. Nomgily, we should alsc wand

- -
s e

to specify that X's reaction 1s purpeseful, d.e., can be construad 22 a ; embéz*
of & funcﬁioma.l claess.

It scems guite clear that X cen semse ¥ without "mowing" thet he sensss
4%, althoush sn ohserver could lmow X's senzatieon. Consclousness is not . g
necessayy condition for scusetion.

We can veadily see that seneatica is o fairly wesk concept relative do
OUX PUTEOSES. A thermostat, 1f conceived as a teleologicel enbity, has sen~
sations, 23 do wmost instrurents we use. Ubservaticn is the stronger ccacept we
reguire becouse 3% dnvolves the edditionel ides of e rTecord. New a vecord
must be related to the sensation in some ygy. 4L would be absurd to lusigh {theb
the record is & perfect copy of the sensabicn, because this is mmeh oo s“a;:mné;;_
A laborgtory technicipn rescts to Llitmus })e.iger and weites "red,” ox "acid.”

The wecord is not read ab all, nor is it like his semsaticn in say obvicus semse

-

fillien
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can we gay thet the record is merely something peoduced by the sensation, because
this is mich too weak. The aense.tions of the technician produce memy things in
his nervous system that we would not went to iega:cd as cbservatiocas.

The conceplt of a record geems to require cother enbilties snd propertles
for ilLs meening. The clue seems Lo reside in the ides that if o record is kept,
then scmecne mey go and examine it, and from his exawinietion infer thab such-and-
such an observation wes mede in such-snd-such gn envivonment. Hence "X cbserves
¥ in 8" is true iF

(2) % senses Y in 1;

{b) X's scnsetion produces in N an entity % vhilch exists in some later

envi:fomaemt Hf

{c) 2 in W potentialiy produces in scme W o belief thet o sensztion of

acme type has occurred in E.

Bven this definition requires further cousideration to make it sabisfectorily
precise, I:ixi; Lor our purposes the idea is clear encugh and can be swwpmxized
less technicelly as follows: an observation entails both & sepsaticn snd the
'transfo:cimticn' of the sensgbion into ar entity whilch surwvives over time end which
may be used to infer the occurrerce of the senesition.

Finally, we need to discuss the effectivanese of sensetion and chsewvabion.
Usual.iy , we employ the texm “"accuracy"” in this regard. A senssbion is insccurete
if it dees not "correspond" with reality. Bub the test of this corraspondence
lles in the pwrposes of the tester. In other words, X's sensabtion in accurabe
1f his response Serves som2 purpsse very well, and is insceuraetbe if 4% dees not.
In the pames senner, an chservetion is insccurate if the belied it lvwolves gboui
an eorlicr sensation is not en effective beliefl; 'fbe;t:ief" iz itself & telzologleal
action, and hence its effectliveness cen be ascextained.

Thus, the two stoges of observation (semsoticn end wecordieg) mey have
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varying degrees of effectlveness. The problem of the design of observetion
is to desigﬁ the two s8tages so as to maxlimize their effectiveness.
In this regard it is worthwhile mentioning that elusive concept called "Pact."
Facts are simply mwaximally effective observatlons. The concept is elusive
because no cne has a very clear ides about the bproper design of observing
systeme. Often, the records themselves ave taken as facts, without any regard
Tor the origin in sensation or for their effectiveness relza.ti' 2 to potenbisl
users.

15. We now examine scme proposels for the design of observation by
turning back scxe pages of history. We begln with Johm Locke, whose Essay

Concerning Hunan Understanding csn be read as a proposal for the design of an

observer. The main idee here is to introduce the concent of "objectivity"

into the observing process, snd the central point ebout objectivity is that the
observer does not "add" anything of himself to the sensation. For exsmple,

the obsexrver does not add his own precconcepbicns or values. Aa ohserver who is
convinced that soamething is true, or an observer wanbs sawething bo de true, may
read his convictions or his wishes into his records. Both observers are 'noa-
objective." The problem of designing an observing system is to capture this
notion in a suitably general form. IHow any sensing entity will put something of
itself into its sensations; this follows from the meaning of sensation. ¥hat

it mush not put in are "unwarranted" responses. Ome wight try to solve the problen
by thinking of a vheole class of obsexvers of ¥ in N, and by saying thast the
"objective" component of .'t;_hca',r respenses is the common class product of the
responses.. Thet is, m‘lai;‘ ié objective about my sensation is vhat my sensabicn

" has in comnon with all other sensations of other poteni‘.i.él sengers of ¥ in N, This
seems to be the ides uvnderlying the definiticn_ af objectivity in terms of
"snbersubjective agreement.” But such a noticn doss require the determingbicn

of a suitable class of observers, vhich surely must have more than one uember.
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Indeed, the number of members in the class seems izrelevant: it is the
quelity of the class that counts.

Locke's solution evolds the difficulties of defining the class of ccxme.-
tent observers by imtreducing the vexy ingenlous idea .of the siwplicity of o
sensation.

Suppog'e that the inguiring system csm eétablish ‘the :c'ela.tionshi};

"is cimpley then" between any two sensabions, snd suppose in its applicabtion
*ulé:is rélabianship. obeys the principles of simple ordering. Suppose fuvther
thet there is a set of simplest sensabtloas. Finelly, suppose that any observa-
tlon can bhe expreiased &8s a combination of simple sensaticns. Then we could eall

1

the simplest sencaticns “objective,” as well as any observetion that cza be

r;_é.uced to a suitable coﬁhbinati’on of siuplest sensations.l

' Locke givéés some hints ss 4o how an inquizmg system might accomplish
these resvlbs. It must have built into it a :QSXHEZ‘ of reflecti‘on that ensbles
it to amswer certain Qﬁestions about its vesponses. Thus it can aluways ask for
the brésl;ciown of a sensation into its parts, and it alweys veceives relivzfoie
replies to its question. _Fon:‘ exemple, if it sees & yzllow square, it knows that

the sensation is made up of the sensation of yellow and of squere. It knows

That the first part cennobt be broken down eny further, and is a simplest sea-
h 2

aption of & sensabiocn

=

5 a conh

¢

sation; :i’o knows that the seccond part can and
of cxtension aﬁd of ccm}_mm:;!.son.°

The reflective powers of Locke's observer are eﬁhjéézuely imvorianh , mﬁﬁ
without them the system would be quite inedeguabte o sexve ss g collectbor of

facts. The respoases the system recelves to its queries sboub itself can zlso

be wenked by the welation of "is simpler than." Also Leeke's obsexvér will Pind theih

1l
The relevent passages are Ch. 2, Bk II, An Essay Conce:f:n‘l.ng‘,_z_{umn Undersinading.
&s to the objectivity of simplest sensabtiads; Se@ CHBDIEY LV, BUTK LV,
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he can perceive, vetain, discern, coubine, etc. Iun general, he will nob
be able to observe how he deoes these things. Perhaps one of the wost in-

portant things the cbserver 1s able to do 1s to form his observaitlon into o

sentence in scme laangusge that bhes o well -defined syntax (ipeluding a logic

e

of propositionsl functions).

One he.é no difi’iculﬁy in discerning hQi.I very difficult 1t would be
to desipn o Lockian observing system. The chief difficulty, as leoter nistoyy
pointed out, is the meagerness of basic structure that Liocke permits. This
meagerness is caplured in Locke's own characteryization of his system as a

wax tablet.” In a way, this is an ghsurd anslogy of a system thait can

‘rank iaputs; eand discern, vetsin, cowmbine, create sentences, etc. Even so,

P
- -

the system at times 1s q_uiﬁe passive in its role of observation. It can ask
Itself vhether it has had g apzeific sensgizicn and the response 1t receives

is highly reliable. I% can assert thet the simplest sersation it has sctuslly
had are "objective.” Bub it camnol meke any inferences beyond the copecity

of its siructure. Thus, although i1t cen enticipate, Locke fails to show how
the anticipation cen be made cbjective. Hence, the "future" for such a sys-

tem must be lavgely a mystery. Furthermore, the system is so weakly veflective

that it cammolb operebe on its own powers; since it cannot undersiand how it
discexns, it has no choice in discerning. Althoush it cen williully act to

vetain {record) a sensetion, it has little gbility Lo compere the effective-
ness of Aifferent recoxding strategies. ' R

Other difficulties of Locke's design ave apporent: e.g., if the system
can ask guestions gbout its ovn actions can it elso ask gueshicns about its

ability to query? Bub these issues need not concern us here. Instesd, we
cen pass on bo a diffevent lind of design in winich the waderlying structure

is enviched, and uvse Xent's first Criticue as a protobyps.

e L » . i LT

g e
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16. Keni's inauiring systom can determine vizy it 1s eble to discern. It has
puilt into it o kinematics, which erables it to differentiate objects in
terms of epcce and time. Tn other words, its observationsl ssnteuces become
part of g kimemgtical theory, and the chserved objects therafore obey cerialn
reglar laws. Since the geasral kinematical structuwe yesides in the systen
itsel?, it iz & "a priori." The observatioral sentences supply ﬁhe details of
this general structure. IU should be aoted thab Kant grgues that such a
struciwre is essential or else the categeries of "éne" and "many", vhich ave
essentiel for any cbsexvaticn reporbd, ore meeningless. Heace, it 1s incorrech
to say that ia Kant's system "object” ave "subsumed” under a priori laws. Rather
. ar object is crected when, in the cbservaiional pirocess, an dbserv&bional report
is generated Prom vhat is "given" and Prom the a priori structure. Tae great
mystery of Kent's system is what is given. The'system cannot éensibly ask for
further detail on this question. Indeed, it cannot even pose the qpéstion,
~because the pure given (the inpub) 'cannot be identified gy individusted. OF the
Kantian system one can say that 1t observes and that the system's structure is
~ & necessary but not a sufficient condition for the existence of an ohservational
repors.

There is one distinction tetween Xont and Locke that is especially important
here. Locke's system can discern, but it camnot know how it does this. Kaanb's
system hag the potentiality of answering this question. This is why Kant felt
that all objective science must be based ou an g priori set of principles. A
systen that cannot ask how it accomplishes vhat it.doeé'mﬁst learn iﬁductivéiy
about its own structure. Thus it leaxuns that objects chey certain geometrical,‘
kinematical and mechanical laWs. Bubt 1t has no.way of determining whether these

regularities are a part of the scheme which feeds its inputs, or are a part
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of its cim mekeup. Hence Lockisn systems are forever beset by the problen of
regulexrity. Vhet Ean’c was hinting vas that o well designed system of inguley
cea elwoys ask for the ngbure of its oun design. Tizz—zt- is, i an iagulring
system 1s well designed, it must be eble to swecp iv the designer dn ite
series of inquiries. But Kant himself aid not go thie far, becavse ae would
not allow his eysten to query the crigin of the inputs, or even the nabure of
“the inputs. This is, of course, Hegel's objection, and the exploretion of

his Pheacuenologie des (eistesz is a lebored abttempt bo see vhat an inguiring

systemn 3s like if it has thg power of wderstonding itz ouwn design. Hegel's
well known point is that the system's procedure of inquiry wust consist of
sebling up o series of theses in such o fovm that 'the,cént?e,diczi;o:éy oi‘ each thesis
is supported by the thesls itself. his strenge method of inquiry is stlll
foreign to most Western scientists.

17. Perhaps the most radical of all propesals for an cobserving sysbem is dus
to B. A. Singer. Ve heve seen theot in Locke's systen there is a gavsimony
with zespsct to the strueture the system ibself impozes cn the é};ﬂae:tﬂmi;:i@nm
This pargimony wes caxried to the extrems in Hume, and lgter cn in this
cenbury in legice.l positivicm. Oaly eaough atructure 15 put la o enable the .
system 40 creste observabionml veports as responses bo stimuli. The teask of
suzh éystems iz to try to explain a J.ot oa the basis of very litele o priord
structure. The process of inquiry of such systems consists, as in Locke,
in building knovledse from elementary, direct observatiops. The dixect observa-
tlons ave token to be nom-decozmosable. Iz modern positivism, these basic
buillding bléck.s gre the maximeldly egreed upen zeperts of the a;;r.tz'tém,

in Singer's systmﬁ,,-inquiry begins by Gaking an cbhuervabicasl

question and decomposing it wabil disegreement is vesched. The process

can be illustrated. quite simply. The system vecprads 1o & stimlus
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by the report "A is green." It then queries whether this sawe report occurs
every bime the stimvlus is presented to a sys*l;.em like i‘bsielf in this kind of
an emdroxmenﬁ. If the answer is "yes," then the system must decompose the
question. In Siﬁge:-."s formulation, the decompozition conslsts of finding a
set of propositions such that (a)} each propesition irplies the original
report, (b} each is a> contrary of the others, {c) the original report
lmplies that at least one of the propositions is true, and {4} the eutire
aet can be ranked by scize relation. Thus, let p be the criginél report. A
decopxposition of p is a set of proposivions Py pa, p3 ---pn such tl(qé'b for
every i ~n, ', implies p, "Pi and p." is logically felse,

J

"» implies P, OF B, OF p3 === Or P, " is logically true, and for which a relation

" R can be found satisfying the exioms of ordering. In our example, "A is green"

cen be decomposed into "A is light green,” "A is plein green}” A is dark green."
" The system nov tries to make & new observatlonal reporbt with the same stimulus
and environment, in which it is constrained to the decompoéition. It

egain queries for agreement, and if agreement still obtains for one member of the
deccmpositica sét, it sef.s up é. ﬁew decomposition. mis pmééss isg continuevd
uwnbsil disagreement erises. The system now procesds to do two things with

these disagreements. It sets up a scheme for adjusting gll observational reporis
to some gtandard sel. of conditions; ‘Lh:a.t.l.s s 16 accbums-for some of the dlis-
a:g:ceemezrbs in texms of time-dependent laws. Tif—*the é&jﬁéted set of obseryations
nov a2ll egree, a new decomposition followa. If they disagree, the fsys’cem applies
an gnelysis of vawxiance; that dis, it a.ccqun‘cs for the disagreements in {erms of
vandom varietion. Ii‘ the enalysis of varisnce shows "no significant difference,”
the system will sssume that any & prioyi structure it hes used to frame its
cbservetionsl reports is sagbisfactory. It will continue to do this until either

{a) the snalysis of veriance shows statistical differences too large Lo tolerate,
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or (b) some alternative structure which can opevate equally well is proposed. ’Ef‘
the latter situabicn develops, the system seeks for new dzcoapositions snd Lests
so as to resolve the question as to which g priori structure is correct. It may
also neglect a proposed structure becaise of its computational evkwardness or
for some other reason. Whenever no sityucture can be found to acconmoda:be all
‘the observabional differences, the system operates with several coatradictory
cnes wntil a nev siructure is found.

Singer's ssrstem is only mildly governed by the cyiterion of parsimony.
That is, it may throw into the a priori structure a grest depl thait is nobt
directly related to observational reports. It can challenge this afflusnce if
it csn propose some structure that will yield e saltisfactoxry anslysis of wayiance
and that is in some sense more economical. At any stabe it will accept sny
part of.'t;‘ne structurve it is using as "objective.” Thet is, it makes no dis-
tincetion between the objectivity of observation and of theory, simply because
no obsevvational report by itself ever means aaything. Something is acce_xj‘ced
as Ffactually true by Singer's system only when it is o member of a set of ob-
sexrvelbional senbences that differ, or follows from a set Cthat differ, and which
are zdjusted by a theoretical structure. Singer's system has no "@irect" ob-
servations in it, so that it is anot embarrassed by its ability to introduce dinto
it§ structure vhalbever will make it operate., In psychologist's terms, it mekes
no distinction hetwveen intervening and non-intervening variebles, since the
vhole structure that brings aboul comsistency is as cbjective as any part.
The system dees, howvever, have some difficult decision problems to solve: e.g.,
wvhet steps to bake vwhen two alternative theories bobh sabisfy its criteria in
the analysis of variance, and wazt steps Lo take when no thzory satisfies the

criteria. VWhen two or more zliternatives are sabisfactbox it must decide
3
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" whether to decompose the reports still further, or to test the adjustment rules
in wider contexts, or to discard one of more alternatives on the basis of re-
iatj.ve camplexity. It must bs admitbed that in practice such systems are
more often faced with the problem of Qroceéding withoub & sabisfactory theory
than in choosing among two or more sabisfactory ones. Thet is, so-called
inductive problems are less apt to occur than discévery problems.

18. Ve heve described three elternstives vays of designing observation,
which éles;rly do not exhaust the possibilitﬁ.es. Which one should be chosen?
It is cbvious, I hope, thab the traditional answer to this guestion won't
do in the present discussion. This enswer is that one should choose that:
system vhich best describes how men do {"in fact") lesrn. Undoubtedly, this
vwas the intent of Locke and Kant, and to scme exbent Singer. But our interest
here is in the design of inguiring systems, so that the manner in which men have
learned czn be regerded as only one alicrnstive design, and nobt necessarily
the best.

The ansver to the question seems vo depend on whelt the inguiring system
is supposed to do (Part 2). Tor example, ccmpare a Lockian system with a Singerian.
Loeke's obsexving system puts en ené to further inguiry about this object
in this enﬁrom&eﬁt oﬁce there is sgtisfactory agreemen’b ahout i’cs.{ nroperties.
Singer's system tal:és agreement as sn wsatisfactory state, i.e., as a problem,
and sets to work to create a aew yroblem about this object for which agresment
does not obtain. Whet :is the point cf either procedure? In Locke's case,
the answer must be that the eim of an iné_uil"iﬂg system is to create a set of
facts that are satisfactory to the employers of the system. stuaJ.ly this is
paraphrased by saying that the sim of inguiry is to sét:’u.sfy intellectual ,
curiosity. Hence a Locl:ie.n obsexrver might work very well in & context in which

the system effectiveness was very explicitly tied iunto siabes of anticipation
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and satisfaebion of a set of employers of the system, especi&lly if these
st:;tes veye dirsctly and clesyly 1‘ecogrxiwble. Iu the terms of our eavlier
discussion, we are Lo imogine that o part.of the lnguiring sysiseﬁx deternines
vhet is not known (by a judmment), thet it determines that scmething not
knowm would be wandexful to kmow {by a feel:ing}, and it knows directly whether
a glven process has sa.‘i;isfiez.d its curiosity {by 2 judgment end a feeling). This
part of the system .LS separated in the sense' of separation already described.

Singer's system would seem to work best vher; “the objectlve of inquiry ums
to create nev problems, because the obseyver always seeks to put his inguiry to
sn even more severe test. The satisfaction of intellectual curiosity for these
purpeses is irrelevant; the funciion of the system is to create dissatisfaction
of intellectwsl curiosity.

Heedless to sgy, one could combine the two gims, or propose ancthexr
{e.g., o “"practical" objective of inquiry}. The point is that however the
question of objectives is auswered, it now seems clear that the observing system
is né‘a separable: dits excellence depends on Part 2, the part that dei:‘ezmmes the
objectives of the inguiry. In other words, by the principle stated above, since
‘the ‘e:t'fec:"i:,iveness of cbservation depends on the effectiveness of Part 2, observabion
is' a'nonsepa'rable part of inguiry. Ve could pursue this point further by s,hmr.mg
that 1;he criteria of pexfcimance of observing systems also depends on the com-
mmication syfsi:em (Part 11). For cxample, a communication system that simply
. tﬁqm:mits obsermtionaj__.‘ reports might be effective for a lLockian system, but it
- would he ﬁoor for a Sipégr:lan system which requires sufficient informaticn to
ac".jvs‘q for disagreement. |

19. But it may ;Ee moxe useful to iliust;f:a'{:e further the theme of radical
alte:cﬂatives in the design of inquiving systems. For this Purpose, consider

Paxt 6 and Part 9. which are concerned with the desiga of experiments and the
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anslysis of results. In the so-colled well-designed experiment the followiag
ccndlitlions must hold: 4t ié agreed upon belforehand how o classify the objects
of the experiment end what shall constitute the grounds for accepting or
rejc-:cting en hypothesis sboul these objects. The experiment ccusists of a
serlies of opereticons vhich result in certzin observationsl zeports that classify
objects in the pre-specified manner, and a series of zteps applied to ’i‘.ho raports
thet leszd to the scceptance or regjection of the hypothesin. We are inelined
to sey that an experiment that fails to meet these two simple criterie is no
e:r_gez‘imen'b at all. Thet is, some asgects of covrect experimental design can be specified
independently of any other part of the inguiring sjsi;em. But can they?

Consldexr an "experiment” vhich can be subdivided into a set of theses.
At the end of each phese the inguiring system mekes one of these decisions:
(&) to keep-the method of classification, and the hypothesis-test procedure,
and %o gather more date; (b) to change the zﬁethéd cﬁ‘ classification and/or
the hypothesis test procedure, and to gaﬂier more éafa; (e¢) to terminate the
deta collection, decide on a final classification and test procedure. Suppose
we call this the "elusive" experiment. Is it an experirent st all? One is
inclined to auswer ia the negabtive, for if the objecltive of the system were
to prove something it wished to prove, it could nci do better then to follow
this design. But this would be contrary to the basic noticon of objectivity:
namsly, that the system's cun wishes do not infiluence its precedures.

Hevertheless, the elusive "experiment" does occur in a great deal of inquiry.
As the dector examines the patient, he keeps deciding and redeciding how to
classify certaln responses, as well as deciding how to determine what hypothesis
he should be testing. Coansider, for example, the somevhat irrelevaunt challenzes
that are often leveled at .psychoanalytic techniques, hecevse they fall to
vprove" that o certein method of treatment reslly helps or cures a ratient.

Taz critics axgue that one should select a grovp of patients who hove bean
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treated and a similer group that have not; that one should be very clear st
ﬁhé cutset what "treatment” mesus apd what "eure" mesns, and finally that the
test of the hypothegis that more treaied patients ere cured than uatrested
should be specified and loglcally defensible. Bub ore might reply that the
cure of any cne patlent is umiquely appropyviste to him auad to no other. EHeunce,
only efter one has exemined the patient can oné decide what g cure
would be. But examivation in this case is the treatment, and furthermore
examination is also 2 uﬁiqne nrocedure for each patlent. Ia such circum-
stances it mskes no sense to talk about a curé for an untrested patient, or to
srecify beforchand what & cure reslly is. Instead, o3 the process cccurs,
the analyst keeps changing his classification siethed and his conecept of &4 cure,

The obvious reply is that all control hags heen Lozt in this procedure.

But this yeply is not eaéily justifiable. For cne thing, it might be possible
to conduct an elusive experiment in which the decisionwru;es vere specified

~ beforehand, so that one knows under what clreumstances the inquiring system will
moke one of the three choices mentioned above. This could be dore if the ob-
Jjectives of the inquiry were clesrly cnough stated so that sozme value could

be placed on the outcomes of each of the cholees, and if some estimate could

be mode of the way in which a cholce is related to en outconme.

o one sesms to have iried to formalize the clusive experiment, perheps
because preseat day ingquiring systems in science are largely mimaginstive
with respect to date collecticn, vwhich is vegarded as a rother dull task,
better delegateé to less crestive minds. Bubt it scems clear that the elusive
experimeat is a choice the inguiring system could meke, and thabt experimental
design is nob a serarable part of Juguiry.

20. 'The lack of iwmsginetion ian empirical methods has been pertielly compensalbed

by the large amowat of cfeative insight one finds in model coastruction. (Pext 3)
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A century or so ago, models coastruchion wos constyained by a ceritain kind
of logic {two-valued), by a certain kind of erithmetic (without imaginary nwsbers), by
a certain kind of geometry (Euclidian), by a certain lind of kinematics (zbsolute
simultaneity), and 3o on.‘ As our science grew, the part of inquiry that gen-
erates models shifted to more and more radical concepts of model construction.
i?erha.ps oune of our mest sophisticated findings ic thet there are wany mecdel
choices for a given kind of inguiry, and thet mcdel construction is not
separable frcom other pheses of inquivy.

21, To finish this essey on the charactexristics of inquiring systems, we must
return to its central problem: namely, separability of functions.

So far, ve have been considering the case of g fixed separation of a part
or parts of g system. But this considez‘é.tion may be too strong. Actuzlly, all
that is reguired iIs a temporary séps.ra'bion., so that one can proeeed in the
Qevelopmeat of the system. One may wsmf t§ éroceed in this {-zay because he feels
that separabllity is a desirsble chavacteristic .of system. It permibts conbtrol
relasive to fairl;y specific objectives; it parsits an adeguate scanning of
altématj.ves and a reasonsble evalustion of each. Howefully, then, if one can
perform reaconably well in each segment, the vhole will be reasonably satis-
factory. In the case of inquiry, the dominating criterlcen of control is objectivity;
one waute to ba reasonebly sure that the evidence for e state of affaivs is not
i‘bgelf distorted by the :i‘eelings_ y"(.)f one of_fohe investigators, or acne external
" but unkncwn ﬁni"luehce. Ve believe that the larger the system, the greaber the
risk of non-objective evidence.

thy do we believe this stetement aboutb in_c_*._gir_ing .systems? Possibly
because of our recent heritage in matters of inquiry. Modern mechanles began

with the study of onme body, and vhen this system was understood, it went on o
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the study of meny bodies, of fields, and so on. So in medern game theory,
we €ind students of confliet who believe that one starts with a simple coastent-
sw Gwo pavscn geme, and that the optimel behavicr of people in such a situvation
can be fully wnderstood regardless of any other conflict situation these people
may be involved in, and regavdless of auy other charecteriastic of the world.

Thus, even though separebility may aever cccur in g pure and permansnt
form, shouldn t we act as though it holds, as long &s we can legitimately do
s0? The principle that motivates one to ansuer this gquestiocn affixmabively
may be stated as follows: so design the inguiring system thet some of its
parts are virtuplly separated. Proceed in the study of the sepe;cate@ rarts
end only xeccunstibuite the system when separabllity is no loager feasible..
This iz surely the spirit of much of academic resezrch snd a lavgs part of business
and goverument research.

Thiz peper 1s designed to cast doubt on the adequacy of the principle so stated.
In oxder to meke the conclusicn move precise, it is necessaiy to phrase
vi.;he principle in a more precise way, so that its contradlctory bzcomes epperent.

22. Consider, as hefore, o system S with subperts S i Ingtead of counsidering
the sy:‘;tem as a fixed entity in time, coasider o methced ¢f opersating the systen
as though its parts were separeble as long ss the system behaves properly, and
of chanping the perits vhensver the system fails to operate properly. We
J shall cell the principle by which a part is changed a "trensformetica fumction.”
The crucial point in the design is wvhasther oae can recogunlze the unestisfactory
state of a pari, without having to study the entire systex. This iz equivalent
‘o asking whether the transfo;cmtion functicns ave, or sre no{;, funetions of
the prior atetes of the parts elone. Thas sepa:*abili'by principle with which

we arxe concerned, gtates thal the transformatlon fancticns aye Punetlons of
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the prior sﬁates only. Specifically, it says thet one can partition S iato
subparts in such a menner thet
(a) declsion rules can be constructed for each part;
(b) the application of the decision rules depends cnly on the prior states
of the parts {i.e., the parts are separable);
(e) there exists a Puncticn of the prior states of a payt only, which de-
“termines whether the part is stable (satisfactory) or unsiable (unsetisfactory);
(d) there exists a decision rule applicable to the system that will transform
an uastable part into a stable part;
(e) as soon as instebility of & part occurs, the system is so transformed
that the part becomes stable;
(£) the set of ell possible decision rules governing each part, plus the trans-
Porimabion rules that send a part from en unsteble to a stable state, according
to (a) - (&), contains st least one member that is superior to any other rules
for operabing S, relative to S's objectives.
The reader may recognize that this principle undexlies a good deal of
present day veflectlon eboutb aéaytive behavior. For exsmple, the principie
- is inheren®t in statistical quality control procedures. Inspection, which |
iéiéys %he role of an inquiring system for production, partitions the production
system into parts, identifies the properties of the parts, sets up'standards
of stebility in terms of control c¢harts, signals instebility when it cccurs
gsolely cn the hasis of the deta obtained from the part, reccnstituteé its immge
of the system until the "assignable” cause is found. Similarly, the model of
e "satisficing men" shows him to be one who breaks out-yrascrobly sized problens
of decision, who‘pursuéé-the problen to a solution that satisfices, wiho recognizes
satisfeciion or dissaﬁsfaction clearly, and vho takes these to be criteria of his

conbrol of the situaticn.

-




33.

23. The negation of. the principle might take one of several forus,
depending on what aspecls of its lengthy set of assertions one wants to
hold fixed. The intent heve is not to question the advisability of
partitioning systems into paris or of attempiing to control the paris.
Rather in the exmmples set forth in the paper, it is clesr that the propex
verformance of a svbpart depends on some cornecept of the vhole system. In
other words, we heve been saying that the criterie of the stability of the
parts depends on & ccncept of the stability of the system S itself. T]gez{et‘ore 3
the alterrative principle we have in mind is one that modified (c) and hence
(£). It asserts that one ought to determine instebility by examining the
whole system gs well ag each part.

This principle reads:

(a) (as before) decision rules csn be com-:tructeé for each part;

(b') the application of the decision rules depends on the state of the

vwhole systen; |

(¢ ) there exists a func“‘cioﬁ of the prior stete of vthe part and of the

1:1hole system, wvhich determines whether the part is stable or unstable;

(25 before)

(d) there exists a decision rule applicable Lo the system that will

traﬂsfoi*m an uvnsteble part into a steble cne;

{as before)

{e) os scon as the unstability of = pert occurs, the system is so0 trens-

formed that the part becomes stable.

(2') the set of possible decision rules of each part, plus the trans-

Poramabtion rules that send a part, according to {a), (b'), {c'), (&) and {(e)

contains &t least one mewber that is superior to any other rules for operating

S relabive to S's objectives.
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I said earlier thai our vecent heritege leads us to be sympathetic with
 %he Pirst principle of the design of systems and not the sscond. But older
treditions. would reverse the Preferehce. We don't neéd to be reminded of Plato's
typiéal a,tté.ck on Bystenm design: from the general ides of good to the specific
details of goodness. But it 1@ the seventeenth centuzy that voiced the
rationalism of system design most cleerly. Despite the differences in wmeta-
vhysical theories, Descertes, Spinoza and Lelbnlz a.ll saw that en wnderstand-
ing of knowledge could only cccur if one Tirst came to an undersiending of CGod,
who is the supremwe inquiring system. The torbtuous path of Descartes's medi-
tations lead him ever and agein to return to the mest tormenting of all reflections:
the deception of the raitions) mind. Convinced that deception is possible even
Por our wost Firmly established convictions, he could sze no solution to be
found in the individvsl inguirer himself. Tor him there couvld be no po:lr;fc
in a mind's asking itself whether it could ccimceive the opposite of whai it
holds to be so obvious. A negative answer could not comstitute ‘evidence for
one's convictions. In this regexd, hé differed from his British colleagues,
scxe of whom used and still use the introspective question as the funda-
nental evidence of their philosophies. But Descaries could construé‘b a
medel of the wiverse in which the more convinced a msn wvas, the more wrong he
was;: the more inconceivable e proposition, the more likely it would be to be
correct. This was the wiverse of a deceiving God. In the lenguage of this xepurt,

if God is that aspect of inquiring systems that controls the flow of evidence
(date), then a deceiving God would create rothing by self-deceiving inquiring

systems. Hence for Descaxtes the first tosk of the design of ingquivy is to lssra
encugh about CGod to show that self-deception is not possible. The concept of the
vhole system In pert dictates the design of any ivdividugl systen.

In Spinoza, the desi@ of inquiry is made most e:::pl:i.éit. His e;:.i_om
are designed to establish the properties and the existence of the must general
system, that system vhich cexnot he g part of another. The most ralevant

assumptions ave : "I, quod per allud non potest comeipl, per se coneipd
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“7énd 1t 1is incorrect to diffeventisté cne system from shother in terms of

debit" (Ax. II) and "Quicguid ut non existens pcﬁest concipi, ejus eassentie
nen involvit esistentiam” (Ax. VII) and "Per substantiam intellijo, id,

quod in se est, et per se cqnci;pi’cur" (Def. ;[EI). From which 1t fpllows :

"Daus, sine substantia constans infinitus attribis, gquorum ununguodqgue

seternem et infinitam essentiam exprimit, necesserio existit,” (Prop. X1},

and,fin=lly, and most perbinent to this discourse: "Quiciquid est, in Deo est,

“et nihil sine Deo esse nmegue concipi potest" (Prop. XV. )

I?anslated into modern systems léngusge, these assexrtions tell us
that one cannot eeteblish the existence of ‘co'rxti"ngen‘c objects until we
have first established £he non~contingent, whole sy_stem..

Leitnz's "whole system' concept differs from Descertes’ end Spinoza! g
in the mcdel as well as the purpose. Bu'b.he sew mﬁch more clearly than 4id
‘the Qﬁheﬁfs the central problem of optimel design. The monadology is a bold:
and amﬁzmc, atten.nt to delineate the essentiel aspects of a designed system.
Its chief contributicn, from the point of view of the present disgussicn, 1o .

that any cne sya tem must have all the aspects of zmy cthewr syst sem. In othex

words, one should not, th:b:h of system design in terms of degrees of ccz.%;g»{i.‘eniit'y} )

the number and type of thelr componzats. The correct texonomy of

systems must be expressed in terms of the relative effectiveness of the

operetions of the components. In other words, systems differ solely in the fegr

vhich uh\.y operete ef:f‘eci,iwely. This implies that thej theory of systems
design is peaningless unless it incorporates a definition of the most
geperal system. IL must be cnmha.siznd ‘chat .Je:r.bmz is a.hmjs talking about
systens in the sense of th_u; pager, tha.t is, teleolob.m.ca.l em’:h,u,m Ha

is not comcerred with the mechanics of systems deeign.

to
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Thus, "Chagne fme conra®t 1*infini, comafs tout, mﬁirs confusizent.’
The confusion of systems is the eritical point of the Moragdology and the
central concept is the degree of dlstinet perception. Leibniz actuslly
regerves the word "mind" for those systems having & degree of distinclbive-
ness of perception a’bove a cer‘cain indum (I~ionado}.ogy; , B. 19). CGod is
the pexrfect system end provides the essen’h...;zl standaxd £0% the weasure of the
distinctness of percepticn (Hlona dolq&f, p. 48). 811 systens for Leibais
have two primary functions, which we could translate ss "goal seeking" ard
"nevception,” corresponding to owr rﬁode:m terminology of "output" end "input'.

There are many statements that Leibnisz makes to substantiate hié clain
that systems can only be understood in terms of total systems and that total
systems can oaly be understocd in terms of a perfect qystan. Perhaps the

2
following will suffice to represent these.

lPrincinles de la nature b de la {7;4:213{::-: 5 fp 13.

2..)3.8001).1"“’ de ms ta'phvgmue ™. 19.
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"Gomme je n'aime pas de juger des gens en mauvalee part, je n'sccuse
pas™? nos nouvesvx thilosophes, qui prgtendent de bamir les ceuses finsles
de la physique, meis Je suis néanmoins obli.ge’ dlavouer que les suites de ce
sentiment me paraissent dangereuses, surtout si je le joins & celui que j'ai
ré’fué;e’ au cormencement de ce discours, gui semble aller & les bter tout S Teit 5
comn2 si Dieu ne se proposail aucune fin zai bien en agissantiti¥, ou comme si le
bien n'eteit pas 1'objet de sa volonte. dJe¥® tiens aun coatraire que c'est
le ou il faut chercher le principe de toutes les existences et des lois de
la nature, perce gue Dieu se propose touj'.ours le meilleuxr et le plus parsit.
Je veux bien avouer, gue nous somres sujets & nous gbuser, quand nous voulons
de/tez'miner les fins ou conseils de Dieu, mais ce n'est que lorsque nous les
voulons bormer & quelque dessein particulier, croyent qu'il n'a eu en vué
qu'un seule chose, au lieu qu'il & ne wplee temps dgaxd 2 tout."

-, P

A trsnslation into modern concepts (ard a condensation of this

Sta

passage might wead as follous:.

"% den't wont to prejudge peopls's intentions and therefore I don'h

39

_:.

Ursprimglich:'de 1 intention des gens" (L)
#¥Ursprunglich: "pas &'impidid" (L)

U 'sprﬁngglmch: "oblige que je n'y reconnsis pes leuw Seprit et leur prudsnos

ordingire, je veux bien avouer que ce u'est pas powr L'homme seul gue boull g5t fali

L "BL pour mois je" (ves aur urspringlich im Manuskeipt gestenden hatie)

)

=
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iuorally criticige. contenporary philosophers who vish to get rid of pur-
pose In sclence end éysstems design. But pevertheless, I must confesn
-that the consequences of their posltion sezm to me to be quite dengerous.
fhey believe that thers is no such thing as an overall systenm or 2 uost
general system. On the contrary I hold that it is in the concept of an
overall system and its performence that oﬁe will find the underlying prin-
ciple of every paxt arid the performance charaéteristics of the part, be-
éause the overall system is the only standard of good or excellent perfor-
mence. I went especially to emphasize that one only ends in' cenfugion
when he tries to determine an optimal plan solely in terms of some par-
ticular design, as though the whole system had only this part to be con-
cerned sbout, instead of its entire operations.”

This peaxt of the rationalist's thesis was pot new in the seveniteenth century,
of course, and even today one could easlily £ind adherents to its basic viewpoint.
The other aspect of rationalist deetrine is equally important. This is the objéc:tivity
of the vhole system. To a retionalist mind a8 to an empixicist, nothing
can be a@tted to the fund of Imcmled- - that hes not fzassed the most care-
| fully designed criteria of objective truth. This is‘what makes the 'whole
system” approach so difficult, and expleins why ﬂxéology and science today
have no comion meeting ground. A theology thet above ell must postulate |
a CGod :regardless of its inabiliby to satisfy the criteria of precisé proof
cannot e::péc’c to Tind accepltance as a branch of science in an ege \m;en the
essential feature of science is its strict zdherence to standsrds of pracision.

The ratioralist thesis in this regerd was a very direct one if God's
existszgce is to be proved, it must be proved simply. This doss not mean
that it 1= & simple matter to £ind such a prodf, as the tortuous passages
in Désca#rtes end Leibriz clearly show. Bul all who have tried methematics

bad that gulte vwonderful experience of - finding, after hours oy years cf

P
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labor ,‘.&).. very simmle way of pécv:mg, sogething that was not obvicus at the
cutset. |
ﬁm failure of retionalism lay in its inebility to find any such
siimple proof. It was Kant who finelly expozed the fellacies cf all
the propos'ec'l simple proofs. The ssseunece of the Xantian refutation was
that the‘conceptual fremavork required by sclence to give mearing to
experience was not logically sirong enough to esteblich a God In the
sensé derpnded by a Leibziiziam theory of reoaldty. In the past Kantian
pericd, Hegel. attempted to revise Kant's .no‘cion- -o:i“ this concevtual framd-
work, and thercby Lo esteblish an Absolute Mind. His Absolute Mind plays
exactly the role required of a "whole system," because 1t esteblishes
the e;'omlds for meaning in any aspect of rezli uy But western science
et least, could not tolerate the gmbiguities of Hegelian logié, vhich required .
contradiction as a necessgary condition for proof. Todey contradiciion
still plays the sawe role ae 1t slways has in vastern scien‘:e 3 1t is that
whiéh ests.blishés the stopping point of foxnal iné,uiry.
Today we can ldbk. et the struggles of the last centuries in a someviet
more rvolaxed manner than did theiv philoscphers. Do ve h.é.ve 1;6 establish
the éxistence of a vhole systen .in order to usé the concept in designing

systens? Turthermore,are we reguirsd to go the whole way; as Dascertes,

Spinoza, and. Leibniz -bhoﬁght , and establish an ens reaﬂ.isizmﬁn, i.e., a system
that is perfect in all. conceivable ::espéc"us? Third, were the rationalists
correct in asserting that the proof of the existence of the vhole systeiﬁ cen
be established obje 'biveiy? Since the cons:i.de:fa;t.j.oﬁ of these questions will
serve to conclude this éssa,y , we can best proceed bir DLOpCsing some enswens
in the way of theses gboubt systems design:

{2) The whole system must be regl 1f 1G has any funetion et all in

systen depign {realisn);
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() Tha whole system must be teken to he as perfect gs cur present
- estimutes gllow If 1% has apy funcbicn ob all in systen design (monism)s

(e) Thae pwoof of The eviotence of the vhole sysiem énd its properties
mst nset the req_ﬁirem&nts of sclentific evidence (fébiona.lism).

Proposition (o) coatradicts the philosophy of conventionalism. Few would
question the couvenience of using ceongixucts that enable us to integrate our
emplirical findings. Yor exsmple, students o ocrgsnizetion theory often wet

‘&8s though there really were a total orgauizstion "out there,"” just es political
scientists sometimes seem to act as though there is such a thing as the federsl
govermnent , and engineers as though e tobal gererstor plant existed. To a
gtrict empiricist, however, these suppositions are merely convenieat ways of
tying togather a serles of observations. He would ‘not wermit the sclentist

to cl&ixﬁ reality for his ccenstyruct, since the copstruct is never obsesrvsd.

The empiricist has edeoplted one answer to the provlem of the ontological
staiua of sense iumpressions, an answer thalt he tekes to be based on the priﬁ~
ciple of parsinony in Iaguiry: never ar;cept agny more than is strictly warraanted
by the evidence. The difficulty with his answer is demonstrated in the dis-
cussion of this peper. I he is telling us how to design inguiring systoms,
then vwe must ask vhether the kind of parsimony he reguires 1s desirsble. The
pnswer te this gquestion derends on the ammner in vhich the lnguiring systan
gathers its evidence. To an em}pix':i.c:is‘i;, the ingquiring system would ssy taatb
the rose before wme on The desk exists because 1t iy observed. But it may
question wﬁether @ rose gs such is reslly thexe. It will assert thabt the
appeacance of & rose é:(ists bécause it can construct this eppearance oubt of
direct observations. _ICn Singer's system, no chservebtion has any cleim &s

evidence until it has been embedded in a sequence of differing obseiyvations.
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Yoo -oaly v:a;} in vhich 'l‘.hi?-: a@edﬁine; car teke plece is Lor the system to con-
| gtruet & model of reallty in which there sre clagses of rzmlﬂazi e:n'ti'hj.zzes,‘ s

' sg white" is meamingful, say, only if there is a class cf entities thel can
be ranked along a color spectyum. One ney g5ill guastion whether the class
1tuelf really exists. One nodel of veallby might assext that the objects of
the world cé:a oaly wke or o certnin Piniste set of values Iu a conbinuous ramis.
The other values are logieczl poasibilitles that are never reglized. A second
model of reality would essert that the cbjects of the world cen toke cn any

value in the renge: there exists oue real eablby having any givea valve in e

pezmissible values in the range waile the second moy adjust it to any walwe I

the renge. Ho cbpervaticn exists unless some method of adjustesnt is

T AL any stage of inguiry, the inquiring sysbem will not be zble to cer

corroet medol, ond henes 1t will not be able To certify onw
correct adjusted obsem?atidn. The reai model aad the wveel sbservaticn ans
wabteinsble limits of the system's activities. | But the system vequives
tha existénce of thzse limits in order tc dpem‘he ot all. Hence, the
yhole systém mist be real [even though unknown) if it is %o furction
abt g1l in the desiga of the inquiring system, which is whebt propositicn {a)
asserts. I nﬁy'bev noted “hat neither mcdel {the one thed is constreined. io
.a-d,ju.st to e finite set or the cne that is not) is nmes:#w&:ily e
paralmonious than the other. I.’arsimonyv, J.n Singer's sysbem, must
be defined in terms of the costs of gpewabing the syatem.:md not in
terms of the smi)licity of the entities of the system.

Thus, the velldity of (a.) depends orn the settlemsnt of an iusue vegmrdin:

the design of the system. I have given & very specific illustunilon of Dow hads

‘
LA

+
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issug wight be considered. Avnwcther illustiration cowld be developed around ‘.!J.L
Probles of inforpetion flow. BShould the inguiring syzteu regard an obsenvation
to be real independent of the method of its wransmitbtal, or do2s ea obsenvaiics
gain tentative acceptanse only by vivtue of the fact that it can be shoun
that it can be trensmitted? IL the lebtter answer seems best Ior ths purpose
of systems design, then one mst accept the wreality of o transiitial sysbom
if one accepts the reamllty of an observabtioa. In more general Lernms, ones
might argue that most c>:rg&nizai;ions. Meximt" hecsuse withoub orgralzabions,
there is no suveh thing us informetion.

"Y

- Proposition (a) meles no commitment about the meguing of Jholce“l.a hag
cone migat srgue that only sznll sections of a totel possibvle real ity wust be
assumed to exist, even though one designs inquiry elong the lines that Singer's
anplysis suggests. But Proposition (b) asserts thet the only sdequate dofinition
of "whole" is in terms of a pecfect sysben.

In philosophicel tradition, X is perfect if it is nolh limited in some
respect. In other wonds, the gemeral property "gocd" can be svbdivided into a
get of wroperties: intelligeat, bzaubiful, lnowing, moweriul, end so on.
Entities having these propertics can be ranked, so thet for exzmmle, 'is mowe
vower£il then" orders the objects of the word. Fow éa.c:h such properly there
i a meooimal entitys e.g., an entity whlekh iz more powerful thsip eny othaor
entity. Finally, it i3 essercaed that the maxinsl entity in il the nropertics
of goodness is exactly the eame. A most inbelligent entily is almo mosh

powverful snd most bHeputiful. The ens weglissimue is thet enbiby.

Thvs Proposition (b) bhreaks dowa into a set of asserbtions, which cau be

more fexmelly stabed es follous:
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{1) The world comsists of a set of entities;

(2) the entities of the world ean be sirictly oxdewad by e seb of weleticmo;

(3) For each relation there exists en entity that is mexiwal;

{%) Thz maximal eatity for 21l velations is the mame;

{5) ¥or gll systems designs, the "whele system" must be the entity
satiafying esserbion (L),

Those who wish to restriet the vhole system to whet seens to bhe practicsll;:
coaseivable voulc’i deny (5). They would, in effceb, avgue thet the thecry ¢
aystens decign does not heve bo coumlt itself coacerning the propeubties of ths
most pgeneral syﬁtsﬁu In other words, they would not egres with Leibnis's
stipvletion that all sysitems are basicelly alike. COne source of the disagres.
ment night resu}.}: Tron temmologyg‘ these advecabing _nml-genéreal wihole syshems
may ke thinking of syebemn in ateleological fiewns, or ab least in derm: thed
have no relevance o vlﬁﬁw’:-e purpcses or destinies.

But the reml opposition to Proposition {b) is bo be Pound in the dige-
agreewent with (4). lNost systems' designers go as far as they cen in ‘i;l“g;:img
to concelve a system that will be best for scme spzeliilc purpose. Bu’; H“li'xzez.r

do not Yeel that these systans ave best for gll purposes. A miesile syvsben

. moy be designed by the desigaer 4ying bo conceptuslize woat an ideal wissile

[ 2y

should do, ‘e'. g, it is oae that destroys an enexmy strogghold perfectly. L.
80, hz does iwagine g perfect syfsﬁem wi'i;liim. the 1imizs of hio m&.&maﬁmx
But h2 vould herdly esay that the missile systen vas pewfect in alf{.lr;s;;;xect:s o
It is not very goocd &b a;l for proaﬁcing consumzy goods, for exammle.

Tae Leibnizien enswer is fairly cbvious; of covrse. It simply says thab

for every wisslle designer there wmush be sucther systems desigaer who conslders

the wizsile systen as g pavd of his system. Such a designsy also tries bo
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concepbualize the perfect system. For him, the ideal m:j.ss:lle may not bz one
that destroys perfectly. It may, instead, be one that prevents destruction
perfectly. In this case, the original missile designer made a mistalke in his
selection of the x'elatiéns that ronk entities. In short, only if cne con-
ceptualizes the most general system will one kanow whet velations are appropriate
in ranking entities. | | |

Leibniz's "single system" concept can be formulated in snother way. In
our culture, we Lypically segregate the functions that men perform, in terms,
say, of the professions of reseai‘ch , lexr, education, industry, goverament,
and so on. The professicns come in contact only on the peviphery, so to spask,
vhere e man of one profession consulis a wsn of another. In the consultation,
the one learns about the results of the other's deliberations, but does not
take o hand in forming the resulits. . This is essentially a partitioning of
our social institution into presumgsbly sépara’ble perts. Each 1:ro£’ 88icn cen
be u.nd.ez’stood by itself, by understanding the manner in vhich it works, and
the principles that guide its actions.

Bulb suppcse one were to deny all this segregatlons of the professions,
and were to say, for exsmple, that cne cennct understend science wnless cne
: hae.‘ undéi's;i:ood. :Loas a menagement professleon, or a politlcal activity, or o
legal esctivity? For example, one might argue that science can msnage @n
enterprise, or g pavrt of A:i?:. , and that operstions resesrch is just such a wey
of viewing aclience. One might further argue that there is scue optimal t:ag,
in ;(m;tch science cen menage: an ideal of sclentific mesnagement. IMinally,
;me.might argure that a necessayy ccndition for understanding whal sciencs is,
is the understanding of how it can and ought to mensge.

IL must be ewphasized that all elong we sre discussing the design of

systems. Hence, the question 1s not to understand how presesnt dsy scluace.




'ca.n manzge, beceuse this moy be e very bad design question. The Quea"bim is,
what would sclence .ha,ve to be like in order for it to be a management? In
other words, vwhat 1s 'Ehe design of a sclence which mekes geience en opbimal
monggexent system.

By the seme token, a necessary coaditicon fer o Tull uwnderctanding of menagement
is to conceive.of menagement as & science. This, indeed, is vhat 1s heppening
in the current developwents in research end developm,ent, vhele manesgermenth

iB playing e stronger and stronger zole in the planning of the phases of
research. There 1s gn sctivity called the monagement of selence. Thewe is

an optimel way in vhich meunagement becomes a science - i.e., a generator of
information. To umderstand menagemrent, one must uwnderstand it es5 & science.

In other words, one way to wnderstand managenment development is to deterrine in
vhat way mapagement can 'become_ & scilentific system.

The same themz can be repeated in many conbexts. Yo understand science,
one must understand it as a legal profession, and to understand the law, one
must undez;s’cand it es g sclence. For example, T. A. Cowan esrgues that lsw is
the system of controls for .exp'erimentation in the sccizl sciences. It seems
to me that he is trying to concelve of law as & sclence. I Imow of no one vho
has yet been bold eaovgh to suggest how sclence becomes the law, except in the
bad sense of g science that controls thovght processzes.

Even within the instibtutions thewselves, the seme priaciple could be
applied. Tor example, one cannot wnderstand msychology umbtil one has uvndersicod in
vhat way psychology is a physical seclence; i.e., understands how psychology
meet change so0 .tha,t it becomes a physics. The reverse iz all too familiar to

' students of the history of science: the attempt to understand vhysics a8 a

psychology.
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Thus, the system's designer dces not understend his system untll he
understands it in terms of ell the basic functions. The designer of a missile
system must wnderstand hmx the missile system 1ls g preductive system, a
comunications system, an inquiring system, and so on, if he is to understend
his system fully.
| So put, Proposition {b) becomes intelligible, although not necessarily
gcceptable. It states that the wnderstanding of systems demands e monism,

a method of looking et all systems in one wair.

Clearly, the Propositlicn demands some reascnable texonony of systews in order
10 be useable., If systems of type X must be understocd as systems of type ¥y,
what ranges of concepts do x and y entail? Our present taxonomy, which has
groim out of the tendency to separate functions, may be far too awviomerd to
apply. Ackoff and I once suggested a four~wey taxonomy : a.ll systéms must be
concelved e 5 gelentific {discerning the proper xiaeans to ends) , and productive
(developing new means), and coope rétive {ccordinating teleological entities),
and changing (creating interest in new ends),l

Bub such o taxonomy is obvlouwsly only g first step in the direction of a
monism of systems.

We should note that Proposition (b) together with (a) implies thet the
perfect system "exists". OF course, we have dewcnsirated nothing of the sorg.
All we heve done, in arguing thet (a) is sensible, is to esgort that "existence”
does not ﬁean "observed" or "observable." Instesd, for aomethiﬁg to be taken
to exist, it nms’c be assumed essentiml in the development of inquiry. Cne
cannot separate out segrents of inq_ui:r:y and stamp "existence" or "veality"
on these alone, because, so the arguzent ren, These segments exist as segments

only beceuse of the vest of the system. We never lmow what really exisits

~ Poyehologistics, Undversity of Penusylvenia, 1946, Methods of Inguizy, 19350.
Prediction end Optimel Deelsicn, 1560.




Y pub gb oy time wve do the best we can to comstruct an imege of the world in

which our obgervabicns; our thinking, ouwr feeling, owr latvitioca will live
as well togethey as possible. We toke such an imege to exist; bub it is so
teken only beecauvse we e.ra;ﬁe thet there ic a whole image of vhich ours is an
approxization.

So wiewed, Propositions (b) avd (a) state an hypothesis about reality:

pemely that there is an ens reé,lissimm.' Bub Par from the proof of the hypothesis
being simple, it nevex ?r.'_\.ll be 'grovea. It 15 the most complicated hypothesis
possible,

This brings us, finally, to Proposition (e), which states that task of
proof 1lies in the hards of inquiring systems. To smarize all that has been
said here, inqu:!.ring systems can be partitiocned, but en understending of any
"oaz't reguires an und 'standn.ng of how tha parbt can funetion as another parss
i’or exam:ple , how the o'bserving *oa.rt can be conceiw}eé. }153 ~the pa:ft that develons o
wmodels, oxr determines the goals of inquixy. Finally, then, Proposita.on (c) )
along with (a) and (b), asseris that We cannot understond the nature of inguiry

~unbil we wderstand in what wey inguiring systems ave theological.

Debss_and References. I have fou:nd. .JBJ.Ch value in the pepers in General Systems,

the yearbook of uhe Society foxr uhe-_ll.dvaacemnt of General Systems Theory. OF

speclal :i.ﬁ.tefest for the purposes of this paper is an article by A. D. Hall and
B, Fagen, "Definition of System," which appeared in Vol. 1 of General Systeus.

The axrbhofs define systems in s manner quite similar to the definition that

appearad in an earlier areft 6:&"-"': ih.is’ paper, where I defined a system as a set

of entities, operators, and veletions, with the usual Pormal rules go'?erning

the formation of ﬁ.ew entities, of meaningful essertions, end wvalid assertions,

vith the further stipulation that the language be rich enough to enzble one




b,
to speak of the vhole system. MKy chief intevest then was to define "vesl"
systems. The defiﬁi'ision was élea:cfly inspized by the writings of the last
decades ca formal systems. This seems to be the case in the Hall-Fegen
peper, vhers a system is Gefined to be "a set of cbjects together with re-
lationships between the objects and between their attributes.” ‘The. puthers
a1§o introduce the conceps of the "independence” of porits; & part is inde-
pendent if a chenge of the pert dogends only on that part dlene. Tn this
paper I discarded the defimition of systems in tarms of formalized languages in
favor of an emphasis. cn ‘the eﬁ‘éctimaneéa .measu:ce‘s of the 'v*az'ta .9..16, 'the vhole ,
because only thereby couvld I digeuss the kind of independence or dependence
that interested mz, pamely, the criteria by wvhich systems ave designed. It
geemed to we That the forpmal-system approach takes the paxrvs to be given,
as well 28 the rules that govern the behawicr of the parts, where as I was ine-
terested in speculating about how Gie Ascides whether somsvhing is & Part

and how one evalugtes the decision cnce made.




