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hand, the second-order argument shows that R’ has been
successful each time and therefore demands that it not be
trusted next time, ie., calls for the prediction of 1. So the
very definition of R’ renders it impossible for the ru.Ie to be
successful without being incoherent.!* The suggested second-
?rder argument in support of R’ could be formulated onl
if R’ were known to be unreliable, and would therefore bey
?vorthless. ?o we have an a priori reason for preferrihg Rto
its competitor R’. But it is easy to produce any number of
alternative rules of inductive inference, none of which suffers
from the fatal defect of R’. The choice between such rules
I suggest, has to be made in the light of experience of theilt
use. I have tried to show in outline how such experience can
properly be invoked without logical circularity.

1 A parallel situation would arise in the use of R in pfedictin the
members of the 10 series only if R were to be predominantlg un-
successful. But then we would have the best of reasons for assi mix R
zero strength, and the second-order argument would he pointlegss ¢
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" Models and Archetypes
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SCIENTISTS often speak of using models but seldom pause
to consider the presuppositions and the implications of their
practice. I shall find it convenient to_distinguish between
a number of operations, ranging from the familiar and trivial

%6 the fGrfetched: but important, all of which are sometimes

called “the use of models.” I hope that even this rapid survey
of a vast territory may permit a well-grounded verdict on the
value of recourse to cognitive models.

To speak of “models” in connection with a scientific theory
already smacks of the metaphorical. Were we called upon to
provide 2 perfectly clear and uncontroversial example of a
model, ig_gl_x;:_lni‘tfg;glmsgg_s_eﬁuha_t‘wo,rd,, none.of us, I imagine,
would think of offering Bohr's model of the atom, or a :
Keynesian model of an economic system.

“Typical examples of models in the literal sense of the word i
might include: the ship displayed in the showcase of a travel ol e
agency (“a model of the Queen Mary”), the airplane that ™ ie@f“:;:: ;
emerges from a small boy’s construction kit, the Stone Age PR,
village in the museum of natural history. That is to say, the  inisfyne
standard casés are three-dime 1 miniatures, more or ,
less “true to scale,” of some existing or imagined material hroctef - o‘g‘mﬁ
object. It will be convenient to call the real or imaginary f
thing depicted by a model the original of that model.

We also use the word “model” to stand for 2 type of desi , ;
(the dress designer’s “spring models,” the 1959 model Ford) ’:‘3 o ff’" =
—or to mean Somé e€xemplar] (a2 model husband, a modelj_’_?jﬁ df’fé_ﬁ'?s.
solution of an equation). The senses in which a model isa <y 52 a—

type of design-—or, on the other hand, something worthy of . 957 Ferh

imitation—can usually be ignored in what follows.
It seems arbitrary to restrict the idea of a model to some- "¢

el

N -

thing smaller than its original. A natural extension is to exomp ;
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‘admit magnification, as in a larger-than-life-size likeness of a

> &0;},

£777  mosquito. A further natural extension is to admit propor-
' al change of scale in gny relevant dimension, such as
o time T R
m - In all such cases, I shall speak of scale models. This label
S will cover all likenesses of materim systems, or
//\??\,\; : processes, whether real or imaginary, that preserve relative
@ (C;DE{: m%y-* proportions. They include experiments in which chemical ox,
P biological processes are artificially decel ! i
** experiments”) and those in which an atterapt is made to
g‘;‘*’) P:}(g/ﬁf imitate social processes in miniature. ‘
P 7. The following points about scale models seem uncontro-
versial; :
1. A scale model is always 2 model of something, The
notion of a scale model is relational and, indeed, asymmetri-
_cally.so: If A4 is a scale model of B, Bis not a scale model of A,
2. A scale model is designed to serve a purpose, to be a
meansw It is to show how the ship looks, or how
the.machine will work, or what law governs the interplay of

P T

parts in the original; the model is intended M_tgv.,hg;/c;njp; ypd .
for its own sake only in the limiting case where the WobbYist,. v ’:\‘%Qi
. g T . . e :";u"",“-
/@dpggps a harmless, fet1sh1sggf,. - V4% A i ,a:‘;f;

8. A scale model isa Tepresentation of the real or imagi _
W%"'L Lthing for which it stands; its use isfor “reading off” properties
<

of the original from the directly-presented properties of the
model.
4. It follows that some f s of the model are irrelevant

the representation in question. There is no such thing as a

perfectly faithful model; only by being unfajthful in some

5. As with all representations, there are underlying con-

ventions of interpretation—correct ways for “reading” the.
model, :

" 6. The conventions of interpretation rest-upon partial

identity of properties coupled with invariance of propor-

tonality. In making a scale model, we try on the one hand
[220] )
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tQ_make it @;qmble the original by reproduction.of some

5rfg’§t%§§(the color of. the ship’s hull, the shape and rigid.ity é 'V@Q,\é’:»mg_
of the airfoil) and on the other hand to preserve the relative @

roportions between relevant magnitudes. In Peirce’s termi-
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et

nology, the model is an icon, literally embodying the features { f e i
ol e - o T T L :
of int i original.? It says, as it were: “This is how the T

original is.” ) |
In making scale models, our purpose is to/reproduceyin a vepreet Tl

relatively manipulable o ssible embodiment, selected - "'*"L’,\M-‘Ei—;lu‘i»&%
features of the “original”: we want to see how the new house . ooy epriie.

will looﬁ,wor to find out how the airplane will fly, or to learn *‘De:m Fetpes

how the chromosome changes occur. We try to bring the
remote and the unknown to our own level-of middle-sized
existence.? o

here is, however, something self-defeating -in this aim, _
since changé of scale must introduce irrelevance and dis- 4 4
tortion. We are forced to replace living tissue by some .
inadequate substitute, and sheer change of size may upset the
balance of factors in the original. Too small a model of a

Inferences from scale model
carious and in need of supplen

ientary validation and correc-  »

e emee o
tion. 2 2fs

1“An Icon is a sign which refers to the Object that it denotes merely
by virtue of characters of its own, and which it possesses, just the same, 2
whether any such Object actually exists or not. . . . /-’f_qything what-
ever . . . is an Icon of anything, in_so far as it is like that.thing and

‘; o .
SR Gy

WUk
used as'a sign of it.” Collected Papers of Charles Sanders Peirce (Cam- ,;-,3 e
bridge, Mass., 1931-35), 11, 247, ’
~ 2A good example of the experimental use of models is described in
Victor P. Starr's article, “The General Circuiation of the Atmosphere,”
Scientific American, CXCV (December 1956), 40-45. The_ atmosphere
of one hemisphere is represented by water in a shallow rotating pan,
dye being added to make the flow visible. When the perimeter of the
pant is heated the resulting patterns confirm the predictions made by
recent theories about the atmosphere. :

[221]
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Let us now consider models involving change of medium.
I am thinking of such examples as hydraulic models of eco-
A" momic systems, or the use of electrical circuits in computers.
e

In such cases I propose to speak of analogue models.,

An analogue model is some material object, system, or
process designed to reproduce as faithfully as possible in

¢ some pew medium structure or web of relationships 1n

, V\,ﬁw{’: m%dany of our previous comments about scale mod-

g i+ els also apply to the new case. The analogue' model, like the

x> scale model, is a symbolic representation of some real or

o Yaed imaginary original, subject to rules of interpretation for

making accurate inferences from the relevant features of the

model.

The crucial difference_between the two types of models
ds in the corresponding methods of interpretation. Scale mod-
els as we have seen, rely markedly upon identity: their aim @,w a
is to imitate the original, except where the need for- maﬁ’fpu-
lability enforces a departure from shess™ reproductlon And-
when this happens the deviation is held to a minimum, as
it were: geomemcal magmtudes in the ongmal are still

more abstract aim of reproducing the structure of the original.

An adequate analogue model will manifest a point-by-
point correspondence between the relations it embodies and
those embodied in the original: every incidence of a relation
in the original must be echoed by a corresponding incidence
of a correlated relation in the analogue model. To put the
matter in another way: there must be rules for translating
the terminology applicable to the model in such a way as to
conserve truth value.

Thus, the dominating principle of thejﬂgiogue model is
_what mathematicians call “isomorphism.”® We can, i we
please, regard the analogue model as iconic of its original,

3 For a more precise account of isomorphism, see for instance Rudolf
Carnap, Introduction to Symbolic Logic and Its Applications (New
York, 1958), p. 75.
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variety of different media makes a owerful and a dangerous g
thing of the alo ue model The risks of fallacmus infer- Fﬂw el 7

ey There is now a considerable literature on this subject. See Kenneth /™y @
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as we did in the case of the scale model, but if we do so we

must remember fhat the former-is.“iconic”” in.2 more abstract B
way_than the latter. The analogue model shares with its RPTRA AT

original not a set of features or an identical proporuonahty 55
of magnitudes but, more abstractly. the same structure on M. * Py
pattern of relationships. Now_identity o of structure is com- ;aﬁﬁw@
patible with the. Whmﬁg}h&ws&, sy
“Bilities for construction of analogue models are endless, o
The remarkable fact that the same pattern of relation- — futaivgiee
ships, the same structure, can be embodied in an endless =~ w=ief

bt '

model are now present in aggrgvated@easure Any would-be o ?yf vrs
scientific use of an analogue model demands_independent ¥
confirmation. Analogue models furnish plausible hvpotheses,
Tt
not_proofs. e

I now make something of a @i‘i‘:ﬂmo consider “mathe: " " cs}&gf{i
matical models.” *+ This expression has become very popula E

among social scientists, who will characteristically speak of
“mapping” an “object system” upon one or another of
number of “mathematical systems or models.”

................ - Dy :
‘/mmphaucaﬂy, ‘model” in such contexts is e 4 it
often no more than a pretentious substitute for “theory” o VA

1 A ;3, " if
“mathematical treatment. M_,__ggwever, there are at é‘ tresdmtent

least the followin three additional suggestions: The original <> éa‘—%‘t_ AN
field is thought of as “‘projected™ upon the abstract domain bb{S{“

of sets, functions, and the like that is the subject matter of the

correlatqlhmm@emucalmthm thus social forces are said to > ‘5’25%:" 1%

be “modeled” by relati etween mathematical entities, sriaad Fall
The “model” is conceived to be szmpler and more abstract *b?*cf_‘ i
than thﬁ,,qug}gal Often there BWE ot et
,bemg a kind of ether }1 analogue model, as if the mathe- * _theory )

miatical equations referred to an invisible mechanism whose  aidag-~
1V1S1DI€ TNECNATIISIT

Foma lie}
PRGN

]. Arrow, “Mathematical Models in the Social Sciences,” in D. Lerner,

ed., The Policy Sciences (Stanford, Calif., 1951}, pp- 126-154- pn%?%r
[223] \
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operation illustrates or even partially explains the operation
of the original social system under investigation. This last ..
suggestion_must be rejected as an illusion.

. T —

The procedures involved in using a “mathematical model”
seem to be the following: '

1. In some original field of investigation, a number of
relevant variables are identified, either on the basis of com-
mon sense or by reason of more sophisticated theoretical
considerations. (For example, in the study of population
growth we may decide that variation of pMQE“umlwatmn with time
depends upon the number of individuals born i in that time,
—the number dying,.the-numher _entering the area, and .the .
..number leaving.® 1 suppose these choices of variables are

made at the level of common sense.) ‘

- 2. Empirical hypotheses are framed d_concerning the im- @Aa«%
puted relations between the selected variables. (I popula- g d

tion theory, common sense, supported by statistics, suggests

that the numbers of births and deaths durmg any brief * %!2"’2;
period of time are proportional both to that time and to the ¢&/%%
Jnitialsize of the population.) A

§. Simplifications, often drastic, are introduced for the >4 2/"%

sake of facilitating mathematical formulation and manipula-

as if they were continuous; the simplest differential equa-

Oeste
ah

(I

A

AH@‘@

. . . . o A og
tion of the variables. (Changes in a population are trea,ted® 5’”?‘!?*#0»%5

H‘r “wa« {x\ﬁ‘m
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cerning-distributions of maxima minima, and so forth, This

result 1s connected with the fact that the or ‘gmal“ gé.ta are in ﬂ"'“'}f
most.cases at best grdinal in character.) o 2 f—é’“‘/
5. An mo extrapolate to testable conse- &) 2AEE
quences in the original field. (Thus the prediction can be
made that an isolated populatmn tends toward a limiting size @ — 54§
independent of the initial size of that population.) y/»v_-g,c,.

6. Removing some of the initial restrictions imposed upon ’\{};
the component functions in the interest of simplicity {e.g.

their linearity) may lead to some increase in generality of e s\Q wecirih,
the theory. i
The advantages\of the foregoing procedures are those usu- '1
ally arising from the introduction of mathematical analysis "
into any domain of empirical investigation, among them.pre- ,7:3‘:3 z . )
cision in formulating relations, ease of inference via mathe- ‘\’/ %’% ;
maz;L__,,ca.lculaHDn, and intuitive grasp of the. structures re- T
R ? :]),a¢ n
vealed (e g. the emergence of the 10g1st1c function” as an f BT L
organizing and mnemonic device). @ﬂwﬁ?\
The_attendant dangers are equally obvious. The drastlc@ %@ o
simplifications- demanded for success of the mathematical iy £
analysis entail a serious risk_of confusing-accuracy. _of the drad.
mathematics with strength of empmcal | verification in_the ff
original field Especxally important is it t6~remember that Hshy

{the ™ Tratheratical “treatrent furnishes no explanationsy A

tions consonant ?vith the original empirical data are adopted.) Ni md to do no more than draw con- @ ne

4 An eonrf: is now made to solve the resulting mathe- = AN 7N sequences from the original empirical assumptions. If the -@?imﬁ%
matical equations—or, failing that, to study the global fea- pege functions and equations have a familiar form, there may be a p
tures of the mathematical systems constructed. (The mathe- \% e, .. ivin %~ background of pure mathematical research readily applicable pros e
matical equations of population theory yield the so-called - v 3 to the illustration at hand. We may say, if we like, that the 0 ./

“logistic functmp, whose properties can be specified com- it pure mathematics provides the form of an explanation, by aplostion
pletely More commo the mathematical treatment %{Aﬂh'&\.);} 2‘3"%% showing wwm_@am&mwmhe Z‘j
soci 1<_.’xa_1 , leads at best to * Elausxble to _gx,:’ touse Kenneth haih known data. But causal explanations must be son _gul}ﬁl“se- v,
Boulding’s happy. phrase;.2 ie., qual; itative conclusions con- 2 -\% where. In their inability to suggest explanations, “mathe- ot
M:;::;ﬂ::;a?e;axlls may beCI found convemently in V. A, Kosutsyn Kji/b‘i RE: 8&%"‘&6 V%D {

o X roLogy (Lon 013: 1930)- ] &5 3 Century: Essays in Honor of Guy Stanton Ford {Minneapolis, 1952), CatS o

Economies as a Social Science,” in The Social Sciences at Mid- ~ ‘

224]
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matical models” differ markedly from the theoretical models
now to be discussed.” ' '

In order now to form a clear conception of the scientific
use of “theoretical models,” I shall take as my paradigm
Clerk Maxwell’s celebrated representation of an electrical
field in terms of the properties of an imaginary incompressible
fluid. In this iristance we can draw upon the articulate reflec-

tions of the scientist himself. Here is Maxwell’s own account
of his procedure: ,

@;;;E\ therefore in the effectual study of the science
must | 3;ng€‘f;§iimpiiﬁcation and reduction of the results of
previous investigation to a lorm in which the mind can. asp
them. The results of this simplification may take the form of a
purely mathematical formula or of a physical hyposhesis. In the
first case we entiTely Iose Sight of the phenomena to be explained;
and though we may trace out the consequences of given laws, we
can never obtain more extended views of the connexions of the
subject. I, on the other hand, we adopt a physical hypothesis, we .
see the phenomena only through a medium, and are lable to
that blindness to facts and rashness in assumption which a partial
explanation encourages. We must therefore - discover some method = - “"‘{}{ :
of investigation which allows.the mind at every step to lay hold 22
of 2 clear physical conception, without being committed to.any.

theory founded on_the physical science from which_that con-

R e P

ception is borrowed, eit ide from the
subject in pursuit of analytical subtleties, /nor. carried beyond the

truth by a favourite hypothesis.$

=2

PSP

Later comments of Maxwell’s explain what he has in mind:

By referring everything to the purely geometrical idea of the
motion of an imaginary fluid, [ hope to_attain generality and
precision, and to avoid. the dangers arising from a_premature

7 It is perhaps worth noting that nowadays logicians use “model” to
stand for an “interpretation” or “realization” of a formal axiom system,
See John G. Kemeny, “Models of Logical Systems,” Journal of Symbolic
Logie, XIIT (March 1948), 16-30. .

8 The Scientific Papers of James Clerk Maxwell {Cambridge Uni-
versity Press, 18ga), I, 155-156.

[226]
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theory professing to explain the cause.of the phenomena. . . .
The substance here treated of . . . is not even a hypothe 2
fluid_which is introduced to_explain actual ph - Bl
inerely a_collection of imaginary properties which may be em:
T for establishi

extain theorems in pure mathematics.in,
a way more intelligible to many minds and more applicable 1o

physical problems than, that in which algebraic symbols alone are

used.?
. —. ) . g
Points that deserve special notice are Maxwell's emphasis
upon obtaining a “clear physical conception’’ that is both
“intelligible”

and_“applicable to physical problems,” his
Hismzﬁﬁéziil_from “premature theory,” and,.above a%ig
his insistence upon the “imaginary” character of_ the fluid
invoked in his investigations. In his later elaboration of the

procedure sketched above, ;hgz,jijﬂigim,,us_meﬁm_g,_g.t first to play _the
part merely of a mnemonic device for grasping ;r.lathemarélcgml_“
r@T%m pressed by algebraic _equations
held in reserve. The “exact mental image” *° he pro

< seeking scéms little more than 2 surrogate for fac

algeBraié symbols.
"“‘"'Béfo"“fé"lﬁffg',""'however, Maxwell advances much farther to-

il
e . . . "
ward ontological commitment. In his paper on action at a Z /
distance, he speaks of the "wonderful medium” filling all =
space and no longer regards Faraday's lines of force as “purely

_ geometrical conceptions.” ** Now he says forthrightly that

they “must not be regarded as mere inathematical-abstractions.

They are the directions in. which the medium is exerting a

tension like that of a rope, or rather, like that of our own
Ifll;s;les’u Certainly this is no ﬁéy to talk about mgllocapeM“r
of imaginary properties. The purely geometrical medium has ., 3
“become very substantial.

\-ﬂl_'rggrﬁe-at contemporary of Maxwell is still more ﬁgnly com-

mitted to the realistic idiom, We find Lord Kelvin saying:

We must not listen to any suggestion that we are to look upon

~ the luminiferous ether as an ideal way of putting the thing. A

® Ibid., I, 139-160. 10 1bid., I, g6o.

17bid., 11, g2z,
T 1275id, 11, 323, :
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real matter between us and the remotest stars I _believe rhere-is,—.
and that light consists of real motions_of that matter. . . . We
now the luming 161 better than we know y-orher kind

of matter in some particulars. We know it for its elasticity; we
k&%‘ii,tﬂin.-‘respectgmmthexonstancy of the velocity of Propagation

of Light for _#@F?E}}E.E@ﬁﬁﬁ& - + . Luminiferous - ethér must be
A subtanice of most extreme Simplicity. We might imagine It to
be a material whose uitimate property is to be incompressible; to
have a definite rigidity for vibrations in times less than a certain
Bimit, and yet to have the absolutely yielding character that we
recognize in wax-like bodies when the force is continued for a
sufficient time.18 :

There is certainly a vast difference between treating the
ether as a mere heuristic convenience, as Maxwell’s first
remarks require, and treating it in Kelvin's fashion as “real
matter” having definite—though, to be sure, paradoxical—
properties independent of our imagination. The difference

is between thinking of the electrical field as if it were flled——

with a material medium, and thinking of it as being such 2

_medium. One-approach uses a detached ‘Comparisan_yeminis- .,

" Sent of simile and argument. from analogy; the other requires
an idéntification typical of metaphor.

" ) In as if thinking there is a willing suspension of ontological
Lunbelief, and_the price paid, as Maxwell insists, is
of explanatory power. Here we might__spe_al;ﬂnwﬁwtﬁhg e of

" models as heuristic fictions. In risking existential statements,

_.—however, We-teap the advantages of an explanation but are
exposed to the dangers of self-deception by myths (as the
subsequent history of the ether % sufficiently illustrates).

The niial use of models seems to.me characteristic

physics. Whether we

18 8ir Willidm ‘Thorason, Baltimore Lectures {London, tgad), pp.
812,

14 See Sir Edmund Whittaker, 4 History of the Theories of Aether
‘and Electricity (and ed.; London, 1951). 1, especially chapter g: “Models
of the Aether.” For further discussion of Maxwell's position, see Joseph
"Turner, “Maxwell on the Method of Physical Analogy,” British Journal
for the Philosophy of Science, VI (1955~56), 226-238,

[228]
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consider Kelvin's “rude mechanical models,”  Rutherford’s
solar system, or Bohr's model of the atom, we can hardly
avoid concluding that these physicists conceived themselves.
to be describing the atom as iz is, and not merely offering !
mathematical formulas in fancy dress. In using theoretical

models, they were not comparing two domains from a position iy
neutral to both. They used lan i the model <.z, /i g

in thinking about the domain of application: they worked ks 4
not by analogy, but through and by means of an underlying

apalogy. Their models were conceived to be more than ex- . -
_pository or heuristic devices.

Whether the fictitious or the existential interpretation be
adopted, there is one crucial respect in which the sense of
“model” here in question sharply diverges from those pre-
viously discussed in this paper. Scale models and analogue
models must be actually put together: a _msmlﬁhy_pgj}g:gﬂ:jf
architect’s model is nothing at all, and imaginary analogue
models will never show us how things work in the large. But

(=Sl

theoretical models (whether treated as veal or fictitious) are %ZI L dy
* ) ?’
o

- e 14
-not literally constry e heart of the method consists in
it ; '
alking i a certain wa £ . o ozt i
therefore plausible to say, as some writers do, that e

the use of theoretic odels consists in introducing a new
language or dialect, snpoested by a familiar theory but ex-
tended to a new domain of application. Yet this suggestion
overlooks the point that the new idiom is always a description
of some definite object or system (the model itself). If there .
is 2 change in manner-of expression and representation, there

s alsa_the alleged depiction of a specific object or system,
inviting further investigation.
The theoretical model t ilt: it is enough that

it be described. But freedom to describe has its own ha iiiti@;— éi?%’ EIT

"The inventor of a theoretical model is ufidistractetdoby acci-
dental and irrelevant properties of the model object, wiic %va}{m

must have just the properties he assigns to it; but he is deprive ; 553,
of the controls enforced by the attempt at actual construction’ b
15 Thomson, op. cit., p. 12. ' ]
. ") )
[229] Yz
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mand fo :
violated in subtle ways unless independent tests are available;

Even may be

and what is to be meant by the reality of the model becomes
wystezious

Although the theoretical model is described but not con-

neetmm e ) N . .

structed;The Senise of “model” concerned is continuous wi
the senses «lefficfllﬁllﬁ?fﬂni&id‘ This becomes clear as soon
as we list the conditions for the use of a theoretical model.

1. We have an original field of investigation in whic
some facts and regularities have been established (in any B
form, ranging from disconnected items and crude generaliza-
tions to precise laws, possibly organized by a relatively well-
articulated theory).

2. A need is felt, either for explaining the given facts and ()

a{}:j 4

regularities, or for understanding the basic terms applying #*%
to the original domain, or for extending the original corpus
of knowledge and conjecture, or for connecting it with
hitherto disparate bodies of knowledge—in short, a need is
felt for further scientific mastery of the original domain.

3- We describe some.entities. (objects, materials, mecha-
nisms, syste ) ing to a relatively unprob- &} fam
lematic, more familiar, or better-organized secondary domain, seco™
The postulated properties of these entities are described in  dome

whatever detail seems likely to prove profitable. /4;% ;

corresponding statements about the original field. @ W
5. Inferences from the assumptions made in the secondary~ '~ °
field are translated by means of the rules of correlation and
then independently checked against known or predicted data™* (@L}
in the primary domain.
The relations_between the “descri el” _and the
original domain aré Tike those between an analogue model

and its original. Here, as in the earlier case, the key to under-

standing_the entire transaction is the identity of structure

that in favorable cases permits assertions made about the
[230] )
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secondary domain to yield insight into the original field of
inteyest.

" Reliance upon theoretical models may well seem a devi-
ous and artificial procedure. Although the history of science
has often shown that the right way to success is to M‘é e;

.about” (as the Boyg advised Peer Gynt), one may well wonder ,__;:{-«

i

whether the detour need be as great as it is in the use of models.

gether different domain really necessary? Must we really go

to the trouble of using half:understood-metaphorst- Are the
attendant 1

such natural misgivings can be allayed.

The severest critic of the method will have to concede that
recourse to models yields results. To become convinced of
this, it is unnecessary to examine the great classical instances
of large-scale work with models. The pragmatic utility of the
method can be understood even more clearly in the simpler
examples.

Consider, for instance, a recently published account of
investigations in pure mathematics.'® The problem to be
solved was that of finding some method for r dissecting any
rectangle into a set of unequal squares—a problem of no
practical importance, to be sure, and likely to interest only
those who enjoy playing with “mathematical recreations.”
According to the authors’ own account of their investiga-
tions, the direct path seemed to lead nowhere: trial and
error (or “experiment,” as they call it) and straightforward
computation produced no results. The decisive breakthrough

~¢ame when the investigators began to “go round about.” As

they put the matter: “In the next stage of the research we

18 Martin Gardner (ed.), “Mathematical Games,” Scientific American,
CXCIX (November 1958), 136-142. The mathematicians were William
T. Tutte, C, A. B. Smith, Arthur H. Sione, and R. L. Brooks,
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abandoned experiment for. theory. We tried to represent rec-

tengles by dlagrams of different kinds. The last of these dia-
grams . . ."suddenly made our problem part of.-the.theory
ouectncal networks,” w

Here we notice-the e deliberate introduction of 2 point-for-

7 P
replaced by electrical terminals, squares by connecting wires
through which "electrical corrents are imagined to flow. By

point_model. Geometrical lines in the original figure were

suitable choices of the resistances in the wires and the

strengths “of the currents. ﬁowmg through them, a_circuit
was " described conformmg to known electrical principles
(Kirchoff's Laws). In this way, the resources of a well-mas-
teredn_'theoxy of electrical networks became applicable to the
original geometrical problem “The discovery of this elect

analogy,” our authors say, mmpmus bgcauée it

linked our problem with an established theory. We could

he currénits .. . and the sizes. of the corres I
ing comgonent squares.” 18 This fascinating episode strikingly
illustrates the-usefuliiess of theo _theoretical models,

It is sometimes said that the virtue of working with models _

is the replacement. of abstractions and mathemancal for-

w from the theory of electrical networks and’ obtain’
S

MODELS AND ARCHETYPES

sequent progress in electncal theory now Penmts us to use
the electrical field itself as a_model for something else rela-
tively unknown and. problematical.

It has been said that the model mus belon

L0 a more

is true enou h " fa 1 111ar1t S taken tomean belongmg toa

well-established and thoroggllmmw But_the
WMW

It may be as recondite as we please, provided we know how,
to use it. A promising model is one with implications rich
enough to suggest novel Eyﬂothemd_s eculations in the
primary field of investigation.” AIntuitive g graspy’ of the model
Tmeéans a ready control of such implications, a capacity to pass
freeiy from one aspect of the model to another, and has very

ditions favoring their success are sometimes satisfied; that
sometimes it does prove feasible to invent models “better

¢ known” than the original subject matter they are intended
Y= 4 ) . to illuminate; and that it is often hard to conceive how the
> is reachly visualized. B%thmeggwmnle just mentioned ShOWS research in question could have been brought to fruition
g7 that this view CJh&SlZCS the wrong thmg It is not easier to without recourse to the model. But there is also a formidable

visualize a network of electrical currents than to visualize
a rectangle dissected into component squares: the e point of

vermr——

thinking about the electric currents is not that we can see
y 7»! or imagine them more easily, but rather that their ir properties

A —e

r\{{j/f are better known than those of their intended field of ap-.

Az, plication. (Angd thus.-it-makes perfectly _good sense to treat
something abstract, even a mathemaucal calculus, as a the-
o make
("Gestalt
knowledge ") of its capacxtxes but s§ong-as we can freely

o

case against the use of meoretttm—VVWMmow Do

be heard. e
Nobody has attacked the use of models more eloguently

or more savagely than the great French physicist Pierre

Duhem. Here is a characteristic criticism:

" The French or German physicist conceives, in the space separat-
ing two conductors, abstract lines of force having no thickness
or real existence, the English physicist materializes these lines
and thickens them to the dimensions of a tube which he will
fill with vulcanized rubber. In place of a family of ideal forces,
conceivable only by reason, he will have a bundle of elastic strings,
visible and tangible, firmly glued at both ends to the surfaces of

| [288]

mw from the model, m hg is of no
¥ Ibid., p. 136. 18 Ibid., p. 158,
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the two conductors, and, when stretched, trying both to contract
and to expand. When the two conductors approach each other,
he sees the elastic strings drawing closer together; then he sees

.
g o
VY
4 i

sy

2 each of them bunch up and grow large. Such is the famous model
~ ﬁi} 1( of electrostatic action designed by Faraday and admired as a -
5 & A

work of genius by Maxwell and the whole English school.*®

A
\v(,g = &k\w Behind such passages as this is a conviction that the nine-
4“7 . teenth-century English physicists were corrupting the ideals
1\""‘\/—5 T of science by abandoning clear definitions and 2 tant system
' of principles in logical array. “Theory is for him [the Eng:
lish physicist] neither an explanation nor a rational classifi-
cation, but a model of these laws, 2 model not built for the

satisfying of reason but for the pleasure of the irmagination.

coherencie§™ ! he disliked in the work of his English con-
temporaries/ould he have believed that models were fruit-
ful. But he held them to be useless.

Oddly enough, Duhem applauds “the use of physical ana-
logues” as “an infinitely valuable thing” and an altogether
respectable “method of discovery.” He is able to reconcile

-

- ‘i?_@umf to be br(?}ight into relation by analogy must /{ﬁ"ff;
cedently 'have Been formulated as “abstract systems,” “an

-

* thef as he says, theé demonstration of “an exact corzespond- .

= e W R ke M,
ence” will involve nothing “that can astonish the most rig-
orous logician.” 22 : :

S At bt

.. This is 2 myopic conception of scientific method; if much
in_scientific_investigation offends the "rigorous logician,”

1% The Aim and Structure of Physical Theory, trans. Philip P. Wiener
(Princeton University Press, 1954), p. 70.

20 Ibid., p. 81.
21 Ibid. Duhem took preference for working with models to be an
expression of the English character. He thought _the English, uniike
the French, typically manifested “Iesprit de (Anesse” rather than
“Fesprit géométrique.” 1
22 Ibid., pp. g6-g7.
[234]
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Hence, it escapes the domination of logic.” * Duhem might 2
have tolerated, wiei&gfimggéj""‘flfds'é" disparities, those in- %%

- - - - i3 - ,,_\0\\
M;ﬁl‘s approval with his strictures aga%nst_m_odels by purging T
reliance upon analogy of all its Imaginative power. The two ,‘!MU,M:,

P

i

I Yy i e
o el 2o kb
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the truth f;nay be that the rigor is out of place. "To impose 7
upon_the exercise of scientific imgginapzén the canons of

“acodified and, well-ordered logical sysgém is to xun the risk.

of stifling>research. Duhem’s @llegations of lack of coherence
and clarity in the physical theories_he was attacking must .
not_be taken lightly., But this_does not require us to treat . .: .

. . e
the use of models as an @berration. of minds _;amfeeblgg@m *
P T - - - .
think about abstractions without visual E@»‘?“wﬂ.&___ .
e e T gl E vy o
It is instructive to compare Duhem’s intemperate polemic
with the more measured treatment of the same topic by A »
recent writer. In his valuable book, Scientific_Explanation, P N
Professor R. B. Braithwaite allows that “there are great ad- ( Bmwi.ﬁfuxﬁ-;/
~ vantages in_thinking about a scientific theory through the \?2V;* .
medium of thinking about a model for it,” but at once adds S

e P
as his reason that “‘to do this avoids the complications and . ..-%! S

ifficulties involved in having to think explicitly about the

language or other form of symbolism by which the theoryis <) ™ b
represented’’ 28 That -is to say that _he regards the use of .
models as a substitute for the available alternative of taking - P est B

the scientific theory “straight” The dominating notion in i

Braithwaite’s conception of scientific theory is that of z '( b Bt £5
“deductive_scientific.system’”’ defined f_hypotheses 94y ™

. arranged I stich a way that from so he hypotheses
as premises all the other hypotheses logically follow. 2 The H f;- sy Sy
ideal Torm of scientific theory, for Braithwaite as for Duhem, == LT
is essentially that of Euclid’s Elements—or, rather, Eucliq as
reformed by Hilbert. It 1s natural, accordingly, for Braith-
waite to ‘-Qgree with Duhem in attaching little value to the
use of models in science.

— EL Ry
Braithwaite says thi;de( price of the employment of
models is eternal ¥igilande'; 2 yet as much could be said for

the employment of deductive systems or anything else. -'r_%li
crucial 1ssue is whether the employment of models is to
bem_;éga.i*ded as a prop for feeble minds (as_p_ngjlwqgg_th,qgg%g_t}_
or 4 convenient short cut to the consideration of deductive

28 Seientific Explanation (Cambridge, 1953), p. g2-
24 Ibid., p. 12. 25 Ibid., p. 93.
[235) .
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gate for some other procedure as a rational method av-

Wmﬂww Should' we think of the

use of models as belonging to psychology—like doodles in a

2l margm—omh&uagl_tis_pr_qpsr Dlace in the logic of scientific
2.4 Is-ar someumes

, mves 1g';11:1011? 1 have bee;

e useful to c0n31der this central issue from an-
er point of view. To many, the use of models in science
has strongly resembled the use of metaphors. One writer

: ey ) $4YS, “We are forced to employ models when, for one reason

or_another, we cannot give a direct and complete descrip-
tion in the lan wse. Ordiparily, when words

" fail fail us, wé havé“ recg;gg ,&gg@%m@m “Ij;@e

model functlons 3s_a more general kind of metaphor.” 28
Certainly there is some similarity between the use of a
model and_the use of . metaphor—perhaps we should say,
of a sustained and systematic metaphor. And th i
question about the autonomy of the method of models is
paralleled by an ancient dispute about the translatability of
metagl;ggs Those who see a modél as a mere crutch are like
“those who consider metaphor a mere decoration or orna-
ment. But there are powerful and irreplaceable uses of
. metaphor not adequately described by the old formula of
“saying one thing and meaning apother.” 27
A_memorable metaphor has the power to bring_two

separate domains i ognitive and e ¢lation
x@_ing anguage directly appropriate to the one as a lens for

seeing the other: the implications. suggest ions, and 1 support-
ing values entwined wrch the literal use of the metaphorw_“
- expression enable us to see a new sub]ect ma
¢ £, I Husen £ The Role of Models in Physics,” Br}»t;shwlaumal

for the Philosophy of Science, IV | IV (1958-54). 289,
27 For elaboration of this and related points, see Chapter III above,
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way. The extended meanings that result, the relations be-

tween initially disparate realms created, can neither be
antecedentl‘i predicted nor subsequemlv Paraphrased in

Mse. We can comment upon the metaphor, but Jh;qy;g;g;

ing msaght not to be construed as an ornamental substitute
for plain thought.

Much the same can be said about the role of models in
scientific research. If the model were invoked after the work
of abstract formulation had already been accomplished, it
would be at best a convemence of exposition. But the mem-
orable models of science are “speculative instruments,” t
borrow I. A. Richards’ happy title.2s They, too, bring about
a weddmg of disparate subjects, by a d1stmct1ve _operation

of transfer of the implications of relatively well-orgamzed

cognmve fields. And as with other weddings, thmr outcomes
are unpredictable. Use of a particular model may amount
to nothing more than a strained and artificial description of
a domain sufficiently known otherwise. But_it . may also help
us to notlce what othcms.emmauld_hemo.uerlooked to_shift.

new connections.. .
"A_dissenting critic might be willing to agree that models
are useful in the ways I have stated, and et still_harbor
reservations about their rationality. “You have cﬁmpared the
use of models 1n science to the use of metaphoss,” 1 nhagme
hzm saymg, “yet you cannot senously ont

may -a1nal
of psycho]ogy "The content of the theor t

lead to insight not_otherwise’ attamab

nerges
is wholly and adequately expressed by mathematical e equa-

tions, suppleriiented by rles for_co-ordination with_the

physmal world. To count the model as an intrinsic part of

the mvesugauon is as plausible as including pencil sharpen-
*8 Speculative Instruments (London, 1955).
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ingi in scientific research. Your inflated claims threaten to °

{debase. the hard-won standards of scientific clarity and ac-

~ curacy.”

L. This objection treats the relation between the model and

. the formal theory by which it is eventually replaced as

causal it claims that the model is no more than a.dé facto™
it for leading scientists to a deductive system. I

cannot accept this view of the relation between model and

theory. We have seen that the successful model must be

1som01;ph1c with its domain of application. ¢ is a ra-

et

tional basis f6t tising the model. In stretching the language
y which the model is described in such a way as to fit the

new domain, we pin our hopes upon the existence of a _com-
mon structure in both fields. If the hope mAfulﬁlled theré
will have been an objective ground for the analogical trans-
fer. For we call a mode of investigation yational when it has
rg_;at1ona1g ‘that is to say, when we can find reasons which
justi at we do and that allow for articulate appraisal
and criticism. The putative isomorphism between model and
field of application provides such a rationale and }gelds such
standards of critical judgment. We can determine the validity
‘ ofag given model by checking the extent of isomarphism
.with its intended application. In appraising Hodels as good
or bad, we need not rely on the sheerly pragmatic test of
fruitfulness in discovery; we can, in principle at deter-

mine the “‘goedness” of their “fit.”  w* wt el

We We_may deal with any residua Qual@ about the pro- “%

pnq:y of @ metaphorical description in scientific
"research by stressing the limitations of any companson be- ¥

tween model and metaphor. The term “metaphor” is best
restricted to relatively brief statements, and if we wished to
draw upon the traditional terms of rhetoric we might better
compare use of models with allegory or fable. But none of
these compansons will stand much strain.i” %2 fep e MY

and“ wiodel-making ‘reveal
[238]
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tempts to pour new content into old bottles. But a metaphor

A
AR

i

"3;\

operates lar Mth commonplace implications. You need

phor understood; but the maker of a sczenuﬁc model must
have prior control of a well-knit scientific theory if he is to-
do more than hang an attractive picture on an algebraic for-
mula. Systematic complexity of the source of the model and

capacity for analogical development are of-the-essence. As
Stephen Toulmin says:

It is in fact a great virtue of a _good mode] that it _dggmm_ uggest
urther"qwcs,ug_ni; taking us b%nd the __pjycngnma from which.
g\rs_l_aggg;; and tempts us to formulate hypotheses which turn out
to be experimentally fertile. . . . Certainly it is this suggestive-
ness, and systematic deployabzhty, that makes a good model some-

thing more than a simple metaphor.?®

I have tried to consider various senses of “model” in a
systematic order, proceeding from the familiar construction
of miniatures to the making of scale models in a more gen-
eralized way, and then to “analogue models” and “mathe-
matical models,” until we reached the impressive but mys-
terious uses of “theoretical models,” where mere description
of an imaginary but possible structure sufficed to facilitate
scientific research. Now I propose to take one last step by

considering cases where we have, as it were, an implicit or «

submerged model operating in a writer’s thought. What 1
have in mind is close to what Stephen C. Pepper meant by '
“root metaphors.” This is his explanation of the notion:

The method in principle seems to be this: A man desiring to
understand the world looks about for a clue to its comprehension.
He pitches upon some area of common-sense fact and tries if he
cannot understand other areas. in_terms of this one, The al
area becomes then his basic analogy or root meta‘ﬁ?f%
scribes as best he can the characteristics of this area, or, if you

/wi] . iminates its structure. A list of its structural character-
1

istics becomes his basic concepts of explanation and description.

28 The Philosophy of Science (London, 1953), Pp. 38-39. }
' [239]
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We call them a set of categories. In terms of these categories he
proceeds to study all other areas of fact whether uncriticized or

previously criticized. He undertakes to interpret all facts in terms

of these categories..As a result of the impact of these other facts
upon his_categories, he 1 ay qualify and'readjust the’ categories,
50 thgt_g.__gg;tﬁgf&gategongs wgglnmonly cl and develops Since ™
the basic analogy or roor metaphor normally robably at
least in part necessarily) arises out of common sense, a great deal
of development and refinement of z set of categories is required if
they are to prove adequate for a hypothesis of unlimited SCOpe.

Some root metaphors prove more fertile than others, have greater-
power of expansion and adjustment. These survive in comparison
with the others and generate the relatively adequate world the-

%}‘u\;\\{L ories.®®
W . . . "
A Pepper 1s talking about how metaphysical systems (“world
hypotheses,” as he calls them) anse but his remarks_have
"\\ wider_application.
Yl
G

an

“~_____he managed, appears to.the inquiring mind ﬁc___h_oate—euher a

blam anh@;ali?_rig confasion. Our uspal res
course is, more or less deliberately, to cast ab objects which
lel imly $énsed aspects of the new situation, to use

the better known to elucidate the less knowr; to-discuss.the.ins,
W‘Thh analogical procedure seems
aracteristic of much intellectual enterprise. There is a deal of

© wisdom in the popular locution for “what is its nature?” namely:
&%&t s it like?” We tend to describe the nature of something in
simil€s dnd metaphors, and the vehicles of these recurrent figures,
when analyzed, often turn out to be the attributes of an implicit
analogue through which we are viewing the object we describe.st

Here no specific structure or system is postulated by the
theorist—there is not even a suppressed or implicit model.

/m,s,

H

!

\b_ww___

i

swpotkeses (University of California 2), pp. g1

, SM, H, Abrams, The Mm'or and the Lamp (Oxford University
* Press, 1958), pp- 31-32.
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wé_é},!)é\w
A systemof .concepts is used analogically, but there.is.no ‘
quesuon ofa definite explanatlon of given phenomena or : £

c"mm ..9 et

o &&T:!P*’f‘w

laws. For reaso already given, I shall not follow Pepper in
speaking of “metaphors.” For want of a better term, I shall
speak of “conceptual drchetypes” or, more briefly, of “agche: ( b, N
types.’ 82 Q_t&g;_s_@me{hﬂqi had a similar idea in mind | 5y )
when they spoke of “ultimate. frames of reference” or *‘ulti- )
mate resuppositions.”’

By I;n archetype 1 mean alsystematic renm-rmw of ldeas‘)
by means of which a given thinker descnbes,,bv analogical )
extension, some domain to which those ideas do not im-
mediately and literally apply. Thus, a detailed account of

‘a particular archetype would require a list of key words

and expressions, with statements of their interconnections
and their paradigmatic meanings in the field from which
they were_originally. _drawn, This might then be supple-
mented by analysis of the ways in which the original mean-
ings become extended in their analogical uses.

A striking iHustration of the influence of an archetype
upon a theorist’s work is to be found in the writings of Kurt
Lewin. I;;g;ligallg _enough, he formally disclaims any inten-
tion of using models. “We have tried,” 2Y5..... 10 _aveid
developmgplaborate ‘models’; instead we have tried.t0 repre-
sent the dynamic relations between%the _psychological facts
by mathematical constructs at a sufficient level of.general:.
ity.” ® Well, there may be no specific models envisaged;
yet any reader of Lewin’s papers must be nnpressed by the

degree to which he emplo vocab us_to

“feld,” "vector,” “phase-space.”’ “tension,.’ “forcﬂgg_ﬁﬂ,

nidity”—yisible, symp ive archetype
awaiting to be rcconstructed ed by a sufficiently patient critic.

s o R - e

%2 The term is used in a rather different sense by literary critics as,
for example, in Maud Bodkin’s wellknown drchelypal Patterns in
Poetry (Oxford, 1934).
~ 3% Kurt Lewin, Field Theory in Social Science (New York, 1gs1),
P 2L

f241]



MODELS AND METAPHORS :

In this I see nothing to be de \plored on the _
general pnncxples of sound method. Com pefit
Lm&y.yegtux,e ugg record
his 1mpre551on that. archetype, confused though it
r\rl&%;sjuﬂiﬂmtlv nch in implicative power to
b{&i useful speculative instrument. It is surely no mere co-
incidence that Lewin's followers have been stnnulated into
making all manner of mteresnng empirica} in est:ganons
ﬁiﬁ%am of their master _sﬁaqrchetype‘ Now ifan
archetype is suffici , we may be confident that
Jogicians _and . _mathematmlans wﬂl eventually y_Yeduce the
- harvest to order. There will always “be competent technicians

who, in Lewin’s words, can be t_rqsted to build the hi S
“over which the streamhned vehlc €5 of a highly mec hamzed

e

e AP

_logic, fast and eﬂiment can reach every 1mportant aoxnt .

“on Axed raclEs T

resgec;gble occugauon. ggljagig%mm&mrt w1.1;¢1;1a
metaphor and end with algebra; and perhaps wi

m%f%mlwﬂmmt

OF course, there is an ever-present an senous nsk that

the archetype will be used metaphysically, 3 1 s _con-
i

J sequences s will be permanently insulated from empmcal dis-

proof. [The more persuasive the archetype, the greater the

anger of its becoming 3 selfce Inyth./But a good

archetype can yield to.the demands of experience; -while.

1t,\hanne1s its master’s thought, it need.not.do so. inflexibly. it %

The imagination must not be confused with a@' acket.
'If I have been on the right track In & my diagnosis of the
part played in scientific method by models and archetypes,
ome interesting consequences follow for. the relations be-
m.
suits, however howeveLdzﬂerent “their ‘aims and methods, rely firmly
upon such exercises of the ima ination ave been re-
calling. Similar archetypes may play their parts in different

disciplines; a sociologist’s pattern of thought may also be
3 Ibid., p. 8.
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he key to understanding a novel. So perhaps those interested

in excavating the presuppositions and latent archetypes of
scientists may have something to learn from the industry
of literary critics. When the understanding of scientific mod-
els and archetypes comes to be regarded as a reputable part of
scientific culture, the gap between the sciences and the hu-
manities will have been partly filled. For exercise of the im-
agination, with all its promise and its dangers, pro‘iides a
common ground. If I have so much emphasized the impor-

tance of scientific models and archetypes, it is because of a i

'conwctlon that the imaginative aspects of sci guﬁc thought

sttt

the ‘humamtles, l_1ke 11terature, is an aﬁalr_ o_f the _1magmat103_:}_ }
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