
896THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 

A FUNDAMENTAL PHILOSOPHY OF SCIENCE QUESTION 
AND VALIDATION OF SYSTEM DYNAMICS MODELS 

Yaman Barlas, Ph.D. 
Systems Analysis Department 

Miami University 
Oxford, OHIO 45056 

Stanley Carpenter, Ph.D. 
School of Social Sciences 

Georgia Institute of Technology 
Atlanta, Georgia 30332 

ABSTRACT 
Sy$tem D>·namics models, being causal simulation models, are in this 
sense very much 1 i I< e s. c i en t if i c the or i e s • Hence , there is a r e 1 at ions. h i p 
between 1.•al idat ion of such models and ver if icat ion of scientific 
theories. In evaluating System D:.:namics models, we naturally apply our 
implicit "norms of scientific inquiry". !Tlost criticisms of such models 
hold that System Dynamics does not employ formal "objective", 
quantitative model validation procedures. We show through a historical 
review of Philosophy of Science, that this type of criticism presupposes 
the traditional logical-empiricist philosophy of science. This 
philosophy assumes that Knowledge is entirely "objective r~presentation~ 
of reality, and that theory justification can be an entirely objective, 
formal, "atomistic" process. According to the more r·ecent "relativi~>t" 

philosophy of science, on the other hand, Knowledge i» ll.lli. "entirely 
objective Truth", but it is relative to a given culture, epoch, and 
scientific worldview. Theories can DJ:I..t.. be verified <falsified) by 
ant ire-1 y formal, reduct ion ist, "confrontational" methods.. Compl8/taly 
objective <theory-free) observation is impossible. The act of observing 
itself requires an assumed theory. Theory justification is therefore a 
semi-formal', holistic, social, "conversational" process. 
[,Je di::.cover that these tL~c OF·POsing philosophies of s.cience correspond 
to two o PI=· o :s in g ph i 1 o s cq:· h i e s of mode 1 val ida t ion • t>lo s t c r it i c s of System 
Dynamics seem tc· as.sume the traditiona.l empirici:;t philosophy of 
sc..ience, whereas S;,stem Dynamic ists mostly agree with the recent 
relativist phiplosoph>' on the question of model validity. We show that 
these philco.>op~dc~d r·e::.ul-t=. do have practical implications .for both the 
System Oynamicist:: and their critics. Finally, having shown that the 
relativist philosophy is consistent with System Oyna.mics practice, we 
emphasize that £.uch a philosc.ptw of model validit>' should D..£!..1. lead to a 
tot.;d re-!e.ct:on o.f fc•rmc-.1 quantitative tt.oc.ls of model val ida.tion. On the 
cc·r·tr·c.r-~·.· we arsL•e t~·at ::uch tc·ols, &PFTopriately chosen, a.re most 
useful when irte~preted with the relativist philosophical perspective. 

I- JNTROOUr.TIO~·-l 

8oth ir·, r.atln"o..l sc i.ences arod ir. sc•c ial science;;., the quest ion of how 
mode!:: :;:.hould be •Ja.l.idateC: ha:: been a most controversial issue for many 
)!e?r:: .. Espec i2l I>' ir, social :;:.c iences., this controverl>Y ha.s become more 
a.nd more crucial as new and cc·mple" modeol ing tools have emerged in 
recent )'ee.t·s. S:.·stem [l;·narnics (SO) roett.c•dology constitutes one such 
tool, anc! n~Ct = ur pr i:s. ir,gl 1, SO modE 1 validation pra.ct ices have been 
subject to close scrutiny. 
I~ the last 2B piars, there have bt:en numerous reviewl> (positive and 
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negative> of SO models and we have witnessed a heated debate on 
validation of such mod•ls. <For example see Ansoff and Slevin < 1968)·, 
Forrester <1968), Nordhaus < 1973), Forrester et al.< 1974>, Forrester 
< 1981!1) and Zellner < 1981!1)),; Throughout this long debate, critiques of 
SO methodology have had one common general theme: SO doeto not employ 
formal, "obJective•, rigorous quantitative model validation procedures 
<which are supposed to be fundamental to scientific inquiry). The 
ifrf'lication of this type of criticism is that SO models are not •quite 
scientific enough". System Dynamicists have responded to this, by 
stating that model validity is strongly tied to the nature of the 
problem, the purpose of the model, the bacKground of the user, the 
bacKground of the analyst etc. Accordinsify., model validation is 
inherent 1 y a social, j udsemental, h ish 1 y "qualitative" process&. Mel del s 
can not be •proven" t~ be valid but they can be "Judged" to be so. 
we see that there are some fundamental differences in the worldviews of 
the two sides in the SD validftY debate. The issue is complicated by 
the fact that certain concep'ts such as "model", •real ity ", "truth", 
•val id ity • that are central to the debate are understood a.nd utoed 
differently by authors of different worldviews. Unletos we are explicit 
and c 1 ear about what we mean by these terms, the q·uetot ion "ito SO 
methodology scientific?" is not meaningful. Furthermore, it ito 
impossible to answer this question without first stating wh.at exactly 
mal<es ari inquiry "scientific" <or •unscientific"). In this articl.e we 
will try to clarify the fundamental differences in the two opposing 
worldviews involved in the validity debate. we will show that the 
validity debate is strongly tied to a fundamental Philosophy o:F Science 
problem. After reviewing this philosophy problem in its historiical 
development, we .will derive its implications for SD model Y&lidation 

I I- MODELS Atll MJDEL VALIDITY 

In order to see the connection between Philosophy of Science and SO 
model validation, we must first define what we mean by "models" and by 
•so models". Then, we will see that validation of SO-type of models, by 
their very nat~re, involves some iundamental Philosophy of Science 
questions. 
•Models• are used in most disciplines! natural sciences, engineering, 
architecture, computer science, social sciences, Philosophy ••• It is 
impossible to give a s.insle and speciiic definition of "model", because 
its usage greatly varies across diverse disciplines. Quite broadly 
though, a model might be defined as •a substitute for some aspects. of 
rea 1 i ty •. Thus, whether we have a seale mode 1 of a submarine, a 
collection of balls describing the movement of gas molecules, a set of 
mathematical equations to predict dema~d for a product, or eYen an 
entirely verbal description of the major factors involved in drug 
addiction, all these models are "substitutes for some aspects of 
reality". The models mentioned above are different from one another in 
many difierent respects: Physical <es. model ofsubmarine> vs. conceptual 
<eg. mathematical equations); dynamic <collection of balls> vs. static 
(model of submarine); quantitative <mathematical equations> vs. 
·qual it at ive <verbal model) etc. For our purpose, the category of 
•conceptual models" is il!lFortant because SO models belong to this. 
categor>'. "Conce~tual mode 1 s" ·are comprised of thoughts, exprelios ions, 
symbo 1 s and d i as rams, rather thar. "physical objects". A mathema.t ical 
model is one type of conceptual model where the model is constructed by 
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~ans of mathematical symbols and expressions. SD models are examples of 
ma1hematical models. 
In this article, we must further distinguish between two fundamentally 
diffet•ent types of mathematic~l modelsl 1.:.. Causal <theory-liKe) 
mathematical models, 2- Non-causal <statistical-c:orrelat.ional) 
mathematical models. Causal models base their mathematical expressions 
Qn postulated causal relations.hiP5 within the modeled r.ys.tem. They are 
collections of- mathemat~cal.statements describing how ·the. modeled system 
worKs .-ln some res~ec:ts- in real life. Thus, by maKing causal claimr. 
about hJ=~W ,~ertain _ aspects of a real system_ function, they become . 
;theocJes about that·sy£tem. Therefore, such models can be us.ed for both 
peedfctfon and eot&n&tlpn. Non-causal mathemat.ic:al modeh on the other 
-,hand:,_ s iii!P ly expr.ess observed' as soc iat ions (in form of stat ~st ical 
· ;tot'rel~tions) _ al'll0n9 various e 1 aments of a .rui system. Such mcldel s are 
pu~ely empir teat' <C:or~elational>, their mathematical relationships not 
t.e insi !:lased <or\ an>' theor i:zed cauut mechanism. Theu models are used 

· oni'v '.f:Or ~red tC:t ipO purposes, on the assurq:.tion that "they Just wori< • 
wit:tdi-. a (;ertain r.ange o.f ... ~iues of variables,. They can not· be 
cons idetced. tf:leor ies $ iiou:'e they maKe no causal c 1 aims. 
SD models bel-c»,g qto the class, of c;iluul ma.themat ic:al models • A SD model 
c:onsfsts 0~ .·a set of ;'math.e~a;tital. eq,uations that atterq:.ts to ducr ibe 
the causal relat ionship'i' ·~xis .. t,fn:s in the red sy~tem. Henc:e, a SD model 
is at the same time a ttie:o,.~v.i -b~ut ,,how a. system actualll!' worKs in 
cerh in respects •. Th h i$ 'ttl~'~c~q'~.i.:i;:t:1>roP~~ty of SD models with respect 

;~.~::;!";::~:~:~~,~=~{~~~11;ia~~H~tibt:~~~~!~~ :~!~~:!:~:. :: 
part of model Validation~ Thol't :i's -~~'oba'bJY:WhY SD:Ii!odefs are U5Ually 
ver.Y close J:,.· scrutinized. H a c:r i1: ic c.n ~h'oJ.i'.cthAt 'oile of th~ model 
eq,uat ions does not maKe sense (does not agr •• litth ~~ obvious 
causality) I then the mode 1 is refuted. even 'lf 1:hi. al,gies-·t• Jl»del out~u.t 
agrees well with observed data. The same 'i~ riO:t true for piJrell' 
correlational models. In such models, since noj:l&iJnof c-aua,~~~ty·_ia 
made, ever~· equation is not subject to criticis:m ~nd Ju~tiftC::ation •. What 
matters is only the final-output of the model. If thli! !nj,ciel'~~tf;'u~ 
matches the observed data with a certain degree of .iiccurac)i; the.:model 
is validated. For so models, in addition to individ.ual ~t~temcant .·· · ·. 
Justifica.tion, the overall output behavior of the model_.wst_ •iso_be 
evaluated against available output data. Hence, the~e are t~o ~~nditioris . . . . . 
for SO model validity, both necessary but neither of them by itsel~ 

sufficient. 
We now turn to the crucial property of SD models that maKes them 
different from some other quant it at ive models of soc: ial systems: .This is 
the principle of causa.'l explanation. A SO model consists of "causal 
·mathemat ic:al statements" that must be justified ind iv iduall y for the 
model to be valid. In this respect, SD models are very much liKe 
scientific: theories. Thus, whether we are System Dynamicist or critic, 
we tend to app 1 >' our· accepted norms of scientific theory test ins to 
SD mode 1 validat ioro. This is where one faces fundamental Philosophy of 
Science ques-tions: "What constitutes justification of a proposition?" 
•r::. it pos.sible to con1pletely confirm the truth of a statement?" "How 
are theories verii'ied in mature <natural) sciences?" Answering these 
question• will provide a reference point in discussing the validation of 
SD Models. More specifically, it will set an upper bound on the 
Formalism to be expected from SD validation procedures. It will be an 
upper bound because SD models have certain pro~erties Cunce~tainties 
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Inherent in human systems, complexity and dimensions of typical &D 
models, impossibility of controlled experimentation, unavailability of 
data, too much noise buried in observed data ••• > which make them more 
di~ficult to validate than theories of natural sciences. <W. will not 
discuss these properties in this article. Interested reader may r\fer 
Barlas < 19SS> Chapters II and IV and Forrester <1961) Chapter 13>. In 
the next section we taKe a fundamental Philo5ophy of Science problem, 
termed •Justification of Knowledlile-claims" or •verification of 
propositions". 

to 

One technical point needs clarification before we start the followinlil 
discussion : As a Philosophical term, »validation• refers to a purely 
logical problem, dealing with the int~rnal consistency of a set of 
propositions with respect to a set of logic rules. The philo~ophical 
problem of •verification• on the other hand, d~als ~ith "Ju5tification 
of Knowledge claims• and corresponds to "v•lidation" as used in mdeling 

literatyre. "Verification"•in modeling literature deals with the 
internal consistency of a computer program. One must be careful in 
interpreting these two terms, as they "switch" meanings from one 
literature to the other. We will adopt the usage of •validation" common 
in modeling ljter-atyre. Readers with philosophical b-.cKiilround should 
read this. to mean "ver if icat ion •. 

III- A FUNDAMENTAL PHILOSOPHY OF SCIEN:E QUESTION 

Once SO models are considered as theories, their valid-.tion bears direct 
rela.tion to the fundamental PhilosoPh>' of Science question: "Under what 
conditi~ns should a scientific theory be regarded &5 having been 
confirmed?" Philosophy of Science has emer~ed a5 a distinct 
philosophical discipline in the late nineteenth and early twentieth 
century, but it is strong!>' related to a much older philoaophical 
subJect: Eeistemolog~ <Theory of Knowled~e>. The purpose of ePis~emoto•v 
is to find out the "conditions that maKe knowledge po~5ible". Since 
scientific theories consist of Knowledge-claiM$, it is very natural that 
Philosophy of Science encompasses epistemolo~y. In the following 
section, we give a brief historical overview of epistemology be-fore we 
go on to discuss the fundamental Philosophy of Science question. 
III.1. Epistemology 
The idea of develoPing a coherent "theory of knowledge" can be traced 
bacK to Rene Descartes< 1596-1650). Descartes believed that philosophy 
needed a new method, the dedyc;tiye reasoning of mathematics, because the 
only truths that can be accepted without any doubt were the ones 
revealed by this method. He claimed that such a purely deductive 
reasoning was possible because the ideas of such reasoning were innate, 
pr· ior to all experience: He was a pure raj: ional; st. In his famous 
Meditation~ gn First Phi~osophv < 1~41), Descartes uses his •method of 
doubt" and deductive reasoning in order to find out what we can believe 
with certainty and what we must doubt. He concludes that the "Mind" 
<"ThinKing Self • > exists with certainty < • I th inl< therefore 1 am"), and 
that the existence of the "things out there" <"corporeal objects"> must 
be doubted. But Descartes does ruU.. claim that the corporeal objects are 
1on -e)' istent. He reasons that external objects "must exist", yet we 
:ould never be sure of their existence since our Knowledge about them is 
zncertain. For him, the only true Knowledge is the Kind revealed by 

leductive reasoning, from self-evident propositions. 
rhe other important sour·ce of modern theories of Knowledge is .John 
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LocKe's enwiricism. LocKe <1632-1704> can be con5idered the founder of 
the empirical theory of Knowledge. In An ~fifi•V Cpncarning Hymen 
understanding ( 1748), LocKe hopes to discover where the ideas and 
Knowledge come from, what we are capable of Knowing and how certain 
Kno~dge can be. LocKe disagrees sharply with Descarta5 by believing 
that none of our ideas are •innate•. According to him, our mind i5 a 
"btanK tablet• C •tabula rasa"> when we are born. All Knowledge i5 the 
result of experience. LocKe believes that external objects do exi5t, but 
agrees with Descartes that our Knowledge about them is uncertain. But 
LocKe's doubt comes from his e>:treme erne ir ic ia;,m: When we see &n object, 
we rm.ast be satisfied of its existence as long as we looK at it. But the 
moment we stop looKing at the object, we have no Kngwledqe as to whether 
it still exists. According to LocKe, "ideas" are caused directly by the 
physical world, and Knowledge is a result of the mind'5 "ac~uaintance• 

with the ideas. Although Knowledge ac~uisition also involves the mind'5 
manipulation of the ideas <termed "description•), "ac~uaintance" i5 
prior to •descr ipt ion •: The ideas .are first put in the pass; iyo mind, and 
'then the mind starts manipulating them. This mod~l of Knowledge 
acqu is it ion w i 11 be, as. we shall see, very influential in the mainstream 
Philosophy of Science. 
In the Eighteenth Century, Immanuel Kant < 1724-1804> defined the 
epistemological problem as a. search for the "principles of thinKing• 
< 1933>. Kant had been influenced by the two most important philosophical 
schools of his time: Descartes' ratipnali~m and LocKe's (and David 
Hume's) Empiricjem. From Descartes, he tooK the concept of the "active 
mind", and from LocKe the role of sensations ~experience) in Knowledge 
acquisition. According to Kant, ideas are caused by expe~ien~e •. but 
hav i.ns ideas does n.o.i.. mean having Knowledge; the l.atter is not by .mere 
•acquaintance •, bu·t it is by "description •. The mind does not just 
receive the Knowledge, but it actively produce& it. The ideas .are 
organized according to some •a priori forms of intuitions• .and processed 
according to the •principles of thinKing•. Thus, the •essence• of 
Knowledge is not to be found in a special Kind of rel.ationship between 
th.e .external objects and the mind, but in the necessary "non-empirical 
ru 1 es of understand i-ns •. This is the fundamental difference between Kant 
and LocKe. In Kant, the mind is not a "blanK tat.let•. It has certain 
"ideas of reason• which are •a priori", not warranted by experience. 
Such a priori ideas regulate the 0perations of understanding. According 
to Kc..r,t, there are three t;.·pes of statements: 1- "Analytic a prior· i •, 
which are warranted by definitions and rules of logic, 2- "Synthetic a 
posteriori:, which are warranted by experience, and 3- "Synthetic a 
priori", ~hich are warranted by an internal organizing principl~ of the 
mind. A crucial .character1stic of Kant's philosophy is its acceptan~e of 
"sy~thetic a priori" statements. According to Kant, the general 
~rinciple! of all sciences <such as "every effect has a caus~") and 
• m« the rna 't i c a 1 j ll d 9 e: men t s • < ":s t r· a i g h t 1 in e between two Po in t s is the 
shortesi: •) are s;n-.'th.;t ic a priori. Kar,t believed that such statements 
- =· Y rd h e·'t i c , ~· e t p r I or to e >:per i en c e - we r· e not on 1 y 1 e g it i mate , but a 1 so 
e~sen'tia! for Kno~ledge to be possible. 

Let U!. nc•~o: ob=.e~·\.•e a.n as:.um;:otion commc•n to the theor·ies of l<nowledge: 
Knowledge is seen as entirely objective, asocial, acultural, ahistorical 
"Truth" <r·ather than "socially justified belief"). It follows that 
Knowledge acquisition can be understood by "pure" philosophical 
analysis, an analysis independent of all the social, cultural, 
historical conditions of particular era. For instan~e, Kantian 
Ph i 1 o sop h ~· attempts to "s round " a 1 1 p c s s i b 1 e Know 1 edge in a des c r i p t ion 
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of "Mind •, a frame independent of all social and historical factors· .• In 
his recent booK, Philosopher Richard Rorty C1979) calls this ongoing 
search for •neutral" foundations of Knowledge the "foundationalista 
philosophy. According to Rorty, this attempt to find the foundations of 
"Truth" in something permanent, neutral <entirely objective> goes &s far 
bacK as the ancient GreeK philosophy, In Descartes/Kant tradition, the 
permanence is sought in the "Mind"; in the "linguistic philosophy" of 
the Twentieth century, "languagea replaces the "Mind". aut one 
convnitment has persisted for over three hundred years& the effort to 
constru~t a timeless·, neutral frameworK of inquiry relev&nt for all 
times, for all culture. All mainstream philosophies agreed on one things 
Knowledge is a result of some "privileged relationships•, and once we 
understand them, we can tell ex.actly which statements. are "objectively 
true", independent of all cultural, historical factors. Knowledge is 
entirely objective representation of reality. Rorty uses the metaphor 
"Mirror of Nature" to explain this "foundationalist" viewz Knowledge is 
the reflection of nature on an "unclouded mirror• <the "Mind", later the 
"language"), Thus, Knowledge is jmpo~ed via a privileged relationship. 
The philosopher's tasK is to see that the mirror· is be ins used properly, 
because if it is, it will au1:omatically deliver the "Truth". 
An alternative view of Knowledge, which emerged in the 1950's is that 
Knowledge is "socially justified belief". It is tuL:t.. a result of 
"mirroring" the nature. A Kno~ledge-claim is true not because of some 
•privileged• way it ~as acquired, but because of the arguments given to 
support it. Knowledge is socially, culturally and historically 
dependent. Accordingly, there are no "neutral foundations« of Knowl~dge, 
and entirely objective ver if icat ion of· Knowledge-claims is not possible. 
Knowledge justification is a relativf, social, external process, rather 
than an absolute, representational, internal Qne. W& shall focus on this 
recent Philosophical trend la~er in the article. But first, the 
mainstream <"foundationalist•) philosophy of science movements of the 
Twentieth Century. 

III.C:. Mainstream Philosophies of Scier.ce 

In the Twentieth Century, epistemology tooK in general an anti-Kantian 
character by rejecting the legitimacy of Kant's "synthetic a priori" 
statements. Inspite of this anti-Kantian trend, almost all philosophers 
.of science ha~'e been attracted to Kant's problernatique of discovering 
the neutral "foundations• of Knowledge. Bertrand Russell was one of the 
first and most influen-tial of such philosoph.ers.. Russell expA icitly 
rejected 1:he existence of "inna-te ideas" and the legitimacy of 
•s>·n1:hetic a priori" propositions·. He believed that all ideai> come from 
sense experience. He revived 1:he LocKean 1:hesis~hat Knowledge ~Y 
•acquaintance" ~s prior to Kno~ledge b~ "description". In this respect, 
Russell is anti-Cartesian. Russell's philosophy is an important revision 
of Kant': epistemological progr·am. The fo.undations of Knowledge are no 
lonser to be found in the mind, but rather in those propositions that 
come from "direct acquaintance• with objects. Russell argues tha'' 
sta.tements abo~Jt physical world could be translate(! into statements 
abou-t •.sense data", data of immediate experience <Russell < 1949)). This 
r@dyct ion ht c 1 aim that sta.tements can be categorized accord ins to the 
degree of their emp ir ic.al content has been very influential in· the 
development of philosphy of science. A.s we shall see, philosophers have 
assumed that propos it ions could be .separa·ted into ~ and 
non-emp ir i~ components and the empirical comporu~L1'U; coll.ili.d thGm bl!il 
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isolated and. •verified• a51ainst &!Tf'iric:&l d&ta.. 
Another i!lf>ortant worK th&t influenced the Twentieth Centur)' is Ludwi51 
Witt51enstein's early booK Tractaty& ( 1922>. LiKe Russell,the young 
Witt51enstein had strong reduc:tionist and empiricist views <which, he 
abandoned in his later years). In Tractatus, Wittgenstein att~mpts to 
show how a. meaningful language system ought to be formul&ted. He states 
that an analytic a priori statement, that says "nothing new &bout the 
world•, is not empirically verifiable. A synthetic st&tement, on the 
other hand, dci'es say something new, and must correspond to eJJ¥>irical 
•atomic facts•. Therefore, any synthetic statement that is not 
empirically verifiable <which Kant called •synthetic a priori•> is 
meaningless. <This categorY would include value judSiements,·ethica.l 
arguments, most ph ilosoFh ical iri~u ir ie·s). Trac:ta.tus. argues. that peoPle 
frequently talK nonsense because of the deficiency of the ordinar)' daily 
language. An ideal language system< "logical symbolism"> would prevent 
nonsense by excluding those statements that are more than logical 
deductions and at the same time not empirically verifiable. This thesis 
has been very influential in the philosophy of science, especially in 
the deve 1 opmE!!nt of • 1 og ical emp i.r ic ism" which has been the most 
widespread philosophy of science until the 1950's. 
Logical empiric: ism <or· 1 og ical positivism) is the name given to the 
philosophical movement emanating from the "Vienna Circle", a discussion 
group of -famous philosophers who met between the early 1920's and mid 
1930's at the University of Vienna. Originally, the most iJJ¥>.ortant 
topics tn>.1olved the poss.ibilit>' of reducing all synthetic statements to 
direct observational statements, setting up a riSiorous criterion o-f 
meaningfulness and designing an ideal meta-lanSiuage for philosophical 
analysis of scientific language systems. As a general philos.ophica.l 
moveiiW!nt, logical positivism became very influential &lthough not all 

.ph Uo•Phef's associated with 1 t agreed on ·all issues in Yo 1 Yed. AmonS~ the 
mciS:t'prominent logical empiricists were Rudolf Carnap, Moritz SchlicK, 
Otto Neurath, Carl Hempel, Richard Von Mises and Ernest Nagel. If 
logical empiricism is taKen in its narrow sense as· i,t originated in the 
Vienna Circle, some of the above philosophers would not be strictly 
called logical empiricist. But we will use the term in a wider sense to 
·imp 1 Y an agreement on the fo 11 Ol!l ing po int.s at 1 east: 1- Rational 
discourse can have only two types of statements: Analytic: a priori 
< def in 1 t ions and pure 1 y 1 og ical deduct ions) having no empirical content, 
·and synthetic a posteriori <statement of facts) that must be empirically 
verifiable. All synthetic statements that are not empirically verifiable 
must be excluded from rational discourse. 2- Philosophy must reshape the 
general structure of scientific statements so th&t they become free from 
ambiguity, vaguenes::. ar.d inconsistencies. The ideal would be to reduce 
all s~l~ntific languages into oni unified canonical form< •unity of 
science •). 3- The context o-f scientific: d iH:ouerv c.i.n and must be 
totally separated from the context of scientific: iu$tification, 
Discovery is a historical, social, psychological process and lies 
completely outside the domain of philosophical analysis. (Jystificatipn 
consists of the verifiability,cif propo~~tions and deductive validity of 
the argumer.ts). Logical eri\p ir· ic ism, taKen in this wider sense, comprises 
the great majority of the early philosopl:lies of science. 
One of the major flaws in logical empiricism was a·logic:&l problem 
involved in the principle of "verification•. Kat'l Popper < 1959) analyzed 
this "proo1em of in'duction" and suggested his own solution. To see the 
prob1em, 'consider ~theory T and its conclusion C~ C i5 derived from T 
according to the deduction: 
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If the ~heory T is true, then the concl~sJon C follows. 
Now to veriflo' T, accordin~ to •verificationism•, one tries to observe c. 
But the ver i_fy tnsa ara~o~ment •c. is observed, t.herefore T i5 true • b 
Jog lc:all y incorrect s inca in l"eal ity C malo' .. occur as a result of a 
procat.s d i.fferent from the one hypothesized in T •. Thus, i.tatements of 
general nature < sc: ient if ic theories> can neliilr be fully verified by 
observation. Popper • s 'so 1 ut ion to th i5 probl,arm is the pr inc ip le of 
•-faht.ftt.tion••.<Popp.er; 1959>. Accordinahr/ the· follow :inS argument is 
always logicallY v.auctr . . · 

If ·.T ·. b true; then. C· follows· 
.•-NOt -c• is observed, therefore T is false. 

Thus, Popp•r arguu that the rectu irement of tala ifiati i1 itv must rep lace 
verifiabni1;y& Scientific theories must be rectuired to be falsifiable. 
The cred ib il ity of a theory increases as more and more non'-fais ify ing 
observations. are found. Thus, theory verification ia replaced by a 
gradual process of' •corroborat ion". 
The wide acceptance o.f this principle of •fal.~>ific:ation" can be stu:n as 
a sian of •mellow i_ng • for the hard-1 ine logical e~q> ir ic ism. Yet, 1 iKe 
verifiability, falsifiability too has strong logical empiricist 
e 1 ements. It assumes too, that theories can be total·l y separated into 
their analytic and synthetic: components and that for every synthetic 
co~q>onent it .is poss ib 1 e. to find a correspond ins observation. 
Furthermore, falsification assumes that although theories gain 
credibility gradually, they are thrown away at once, upon a f~lsifying 

instance. But in reality, this idealized scenario does not happen 
because a typical theory is always presented with a set of a.~>sumption.~>: 

If as;~;umptions A and T hold, then C follows. 
Now if C is not observed, it is not always .clear whether it' is due to 
wrong theory or invalid as5umpt ions. It is always poS.s ~~le to Keep the.·.· 
theory by stating that "the assumptions did. not bolif.l!,.::'l~raothlir practical 
problem i£ that an observation rarelv.'ever come_s as ····~,"\_~r-.c· or "non-e•, 
but mostly as a complex data subject to interpretatiOn•·.l:t ·is larg.ely IIIP 

to the scientist to organize and. interpret the dat& andtc;;·decide 
wheth.er the observation actually constitutes a "f&l~d.fy ing instance •. 
For these -and other reasons that we shall see. l&ter•.Popper's original 
principle of falsifiability was actually a,logic&l e~q>iricist thesis. 
Another maJor problem with the early logical empiriciam was its 
insistance on predictive ability_ as the only crU•riQJ'L for theory 
justifi~ation. Since, according to logical positivi.~>m, the Gontent of a 
scientific theory is irrelevant to the philos.ophical problem of 
verification, expla.na;torx power is nn.t. a criterion for Jus.tific:ation. 
~ccord ing to the pr inc ip 1 e of verifiability <or fals if iab il ity >, the 
only cr iter :i:on for just if ic:at ion is whether 'the observations match with 
the predictions (implications> of the th~ory~ Acco.rding·to this view, 
explanation may be ctuite imp~rtant in other.actiuities;such as 
cons:truc.t ion of new theories, bl,lt has nq'thing to~o. with justification. 
Stephen Toulmin -<-1977>, reviliu;iU}g the last fifty years. of the philosophy. 
of science, explai~s the absur~ity of relying merely on predicti<'lnS>, by 
noting that we would .then consider uh()r-serace tipsters as. scientists • 
and evo 1 ut ionary b io 1 OSIY as •non.,.s.c ient i'f ic • ~· Faced with this. 
difficulty, many eT!'4>iricists had to accept the importance of 
•explanation" as evidenc.e of Knowledge. Thi.s acceptance, Tolllilmin 
ob!'.erves, • ••• began to underc~ut ·the formalist &pproac:h at its very 
foundations .••. • because expl.anation neces.sitates u ••• a shift to <tuite. 
another conceptual level, involving a.Kind of theoretical 
re interpr·.etat ion whose mer its can r,ot be captured in a merely form.;d 
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algorithm" < Toulmin, 1977>. 
There were criticisms of traditional epistemolog~ as earl~ as in the 
Nineteenth Century, but the bulK of consistent criticism came in the 
second half of the Twentieth Century. Richard Rorty <1978> mentions two 
very important worKs that questioned the basic assumptions ~f 

, epistemology taKen granted since Kant. One of these assuqotions holds 
that Knowledge acquisition consists of two separate and distinct.forma 
of represen1ationst What is "given• to us from the outside, and what is 
•added• by our mind. This fundamental distinction between the 
"51 iuen • and the •added • is challen9ed by Wi 1 fr id Se 11 arJ. in Sc; :lenc;• s 

Perc:eptfon and RealitY ( 1963). The .other crucial assuqotion of logical 
empiricism is the claim that propositions can be separated into their 
analytic <true by meaning) and synthetic <true by virtue of experience) 
components and that euery sYnthetic statement nust correspond to a 
unique sense experience < •reductionism">. This assumption is challenged 
by W. V. Quine in "Two Dogmas of Empiricism• <1953>. W8 shall very 
briefly summarize the main ideas of these two worK5 , as they constitute 
major steps towards the construction of a new philosophy of science. 
Traditional epistemology assumes that. ~ es,s,et>t Lally different J.orts of 
ideas < •g iven from the outs ide" and "added bY. the m.ind • > coma to9ether 
to produce Knowledge. Wilfrid Sellars <1953> tries to show that this 
given/added distinction is not an inevitable, •essential" one, but 
merely a convention of the reductioni5t, atomistic theorieJO of 
Knowledge. According to Sellars, it is impos5ible to draw an absol~te 
line between the "given• and the "added•. Knowledge acquisition iJ. 
holi!;.tic r-ather than atomistjc;. The empiricist's Assumption that 

. learning of the •particulars• constitutes the basis of Knowledge is 
misguided. Even awareness of particulars is a lipquiatic; <social> 
affair. We can not define the •aware.ness • of a machine, an insect or a 
new-born baby, because none Qf these can play our "lan9uage game•. As we 

.'under.stand awareness, •be inSI &ware of th inSis • maKes no sense prior to 
language acquisition. (•language• defined in its. QIOst general sense of 
•symbol manipulation·">. Thus, according to Sellars, Knowledge is 
socially lystified belief •. ·:BY opposing the,•Siiven/added" di5tinction, 
Se 1 1 al"s does n.tl try to deve 1 op a new theory of .how mind worKs. On the 
contrary, he claims that such .a theory could n.tl-Poss.ibly account for 
why Knowledge is possible, because the latter is socially justified 
b.• I ief and occurs in a social, conversational domain. Once we 
acl<nowl.eci'ge that Knowledge is social and temporal,' then we do WU. need a 
Kantian theory of how the mind works in orper to find the neces.£ary 
conditions for Knowledge. Rorty C1979> observes that, Kant had made the 
given/added d isfinc1: ion, ruU. because he had d iscouered something 
fundamental about how mind acquires Knowledge, but because 5Uch a 
dfsttncti~n was needed for ftis philosophical program of findinSI the 
objec1: ive ~ neutral found at ion·s of Knowledgoe. Once the Sl iven/added 
distinction is abandoned, Knowledge acquisition become£ nct.turallY 
h~ltstic and dev~lopin~ an ato~istic theory of how and why Knowled9e is 
possible becomes hopeless 
In •Two Dogmas of EmPiric ism';. C 1953 >, ... w. V. Quine attacKs two important 
assumptions of empiricism. First, Quine showz. that the analytic/ 
synthetic distinction' is not absolute or essential, but it i£ merely 
conventional. Quine asserts the imFOssibility of defininSI "analyticity• 
except in extreme 1 >' un imp,Qr:t.ant and trivial cases 1 iKe "no unmars· ied man 
is marr i'ed". Glu in(! s,hows that, iro its more 9eneral and frequent .usage, 
it is impossible to define "analyticity" without assuminSI some 
•synthetic" <empirical> facts. Thus~ it becomes impoz.sible to defina .. -.n 
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essential "philosophical" analytic/5Ynthetic distinction. <See Quine 
<·19~3> for his lengthy argument on the toPic>. According to Quine, 
certain statements are ·ap_propr iately called •analyt ic;,, becaus.e there is. 
virtually total consensus about the meanings of the term5 involved, and 
given our linguistic rules, it becomes very easy to reach an agreement 
on the truths of such statements. Quine is not against such a 
distinction a5 a useful •convention•. Quine's criticism is the way 
philosophers have been using the distinction in order to construct a 
•reduct ion ist .. theory of ver if icat ion ism. ·Thus, the •second dogma u that 
Qu~ine attacKs is the reduct ion ist claim that for every synthetic 
statement, there must be a unique set of observations the occurences of 
which would he 1 p confirm that statement, an a un.ique set/ of observations 
the occurences of which would decrease the liKelihood of its truth. 
Quine shows the problems involved in trying to test individual 
statements in ·isolation from the accompanying ones. According to him, 
statements can only be tested as a cprppraje body, Quine argues that in 
a scientific theory, the analytic and synthetic co~q:>onents can not .be 
entirely separated. Furthermore, he claims that science is liKe a "••• 
field of force, 1 iV.e a f abr· ic which impinges on. experience only &1 ong 
the edges", but • ••• no particular experiences are really linKed with 
any statement in the field except indirectly through considerations of 
equilibrium affecting the field as a whole" (1953>. Accordingly, there 
are many ways'of accomodating a theory to an •abnormal experience•. We 
choose a part icu 1 ar way of doing it, not JlAi.. due to some absolute 
sclentific principle, but because it is convenient,. cau5ing small 
disturbance in the existing theory. Thus, Quine'• view of Justification 
is hpJ istic; and c;om•er;;;atiooal ·as oppo·sed to reductionia.'t and 
confrontational. 

Quine's and Sellars' criticisms of the two fundamental &s5umptions. of 
logical empiricism were important steps towards the formation of an 
anti-positivist philosophy of science. In the meantime, Thomas Kuhn 
pu,bl ished his extremely influential anti-positivist worK, The Structyre 
of Sc; i en± if ic; Reuol ut ion£ < 196.2 >. Kuhn attempts a historical analysis of 
how science progresses. He argues that, at any given epoch, the rules to 
be followed by science are dictated by t~e •ruling paradigm•. During the 
periods of "normal science•, the paradigm is accepted without any 
questioning of the underlYing assumptions: "In its normal state, then, a 
scientific community is an immensely efficient instrument for solving 
the problems or puzzles that its paradigms· define• < 1970, p.40>. 
Eventually comes a period when the •rul ing parad isam• can not solve 
certain problems, and scientists start questioning t~e paradigm's 
fundamental assumptions. a...t.en enough scientists become convinced that it 
is impossible to solve the "anomaly" within the .framework of the ruling 
paradigm, and only if an alternaiive paradigm is already available, then 
a •scierotific revolution" taKes place. The old assumptions ar~ abandoned 
and replaced by new ones. Kuhn sho~s by historical examples that a 
scientific revolution invol~es ~fundamental shift in the scientific 
worldv iew so i:hat new problems are defined by the new paradigm. The 
perspective, the methods and rules to be followed, and even the "no.r-ms 
of rational it>-· • are l'estated. a...t.at is rational in one epoch may be 
considered irrational in another epoch. ln short, it is as if the 
scientist's world has totally changed. After the revolutionary paradigm 
establishes itself, it becomes the ruling paradigm for next generations 
to come, and the process repeats itself. Kuhn sees this proces5 as 
":$:.C ient if ic progress'''. Kuhn ian progress is not directed towards an 
,Q·~le~;-tiv~, and absolute "Truth", it is simpl;.t ~succes:sful creative worl<u. 
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A scientific theory is accepted not because it is true in any absolute 
sense, but because it proves to be useful for the advancement of science 
in a particular era. The crucial anti-positi~o~:l.st element in Kuhn's 
thesis is that everything a scientist does depends on the dominant 
sc ien.t ii ic wor 1 dv iew. According 1 y, •theory -free obsarvat ion" ia S. imp 1 y 

not possible. Everything from the initial formulation of .the P,.roblem to 
the interpretation oi 1:he resultll> ia shaped by the dominant worldview. 
Richard Rorty illustrates this idea by stating that Newton did~ 
.necessarily giYe •right answers to the questions to which Aristotle had 
9 iven wrong answers •, because they· were not necessarily asKing the same 
questions <1979, p.2SS>. According to Kuhn, ruling paradigm& of 
different. epochs are •incommensurable• because they do not e~o~en deal 
with the same problems. Kuhn's thesis that ~here can be no •neutral 
observations• has done considerable damage to logic.al empiricism, 
because the entire verification <falsification> theory assumes the 
possibility of neutral observations. 
After the 1960's, faced with the Kinds of criticisms illustrated in the 
previous paragraphs, logical empiricism has had to acKnowledge the 
impossibility of purely. formal, &historical, acultura.l analysi.s of 
scientific inquiry. Karl Popper recognized the importance of 
understanding the "Internal history• of science, though he still tried 
to exclude sharply the •external• factors influencing scientific 
inquiry. His view oi history of science was a "rational reconstruction• 
of history under the principles of •scientific rationality". His student 
Imre LaKatos holds an even less positivist view of science. In his view, 
the history and psychology of science are important in understanding how 
science progresses. LaKato~ also acKnowledges th~t entirely rational 
reconstruct ion of his tory is imposs. ib 1 e, that s.tud ies of b.oth internal 
and external histories are nt!c:essar.Y. ·He reJects •nai\la 
falsificationism•, having observed that •no experiment, experimental 
report ••• alone can lead to falsification• (LaKatos 1978). 
In the 1970's, philosophers and scientists ha1o1e increasingly 
acKnowledged the inadequacies o·f logical empiricism. Today, logical 
empir'icism has los·t its prestigious place it held in the first half of 
this century. The purely formal, algorit'hmic, .abstract •organon" of 
logical empiric ism has pr·oven inadequate for the practhcal quest.ions 
facing the studies of science. Many Philosophers now hold that it is 
impossible to explain the scientific change as an entirely objective 
process.· Stephen Tou 1 min .describes this tendency as a From Form to 
Function • < 1977>. Thus, the adoors of his tory, psychol.ogy and sociology • 
hl!l.'Jitt opened one bY one to the philosophy of science <Toulmin 1977). 
Toulmin observes that after the 1960 Is, terms 1 iKe ah isto:r ic ism", 
•rel:ativismu or •psychologism" were not anymore being used to discredit 
thos.e who "m.ixed• history, sociolog;• or psychology in their 
philosophical worKs. As a consequence of this, Toulmin notes, uThese 
days, we are all prepared to be • interd isc ip 1 inary •" < 1977 >. The pursuit 
of timeless and absolute tr.uths has become out of fashion. "Pr.act ical 
use" has taKen 1:he plac:e of formal rigor, •truth" and "excellence•., In 
short, •formal" was being replaced by afunction,al" <·Toulmin 1977>. 
This brief historical revie~J of epistemoJogy and.philos.ophy of science 
shows that there exi$1:S two opposing philosophies: The traditional 
for!M-1 ist/absolui: ist ca:rr,p and the new functional/relativist camp. In the 
follotd ins ser.1: itHIS, we shall see i:he implications of both philosophical 
positions for model validatTon controversy. 
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IV- IMPLICATIONS FOR SO MODEL VALIDATION 

If one adopts a logical empiricist, reductionist, formalist Philosophy 
of model validation, then validation is seen as a strictly formal, 
algorithmic, •atomist ic • and •c.onfronta.t tonal u' process. Since the model 
is assumed to be an obJective and absolute representation of the real 
system, it can be either true or false. And given that the analyst uses 
the proper validation algorith~ <and <s>he is honest>, once the model 
•confronts • the .empirical facts, its •truth • (or falsehood) is 
aut~atically revealed. Validity becomes a matter of •formal accuracy•, 
rather than practical use. 
If one taKes a relativist, holistic, functional p~ilosophical approach 
to the validity problem, then validation becomes a semi-formal, 
conversational process. A valid model is assumed to be only one of many 
possible waYs of describing a real situtation. No particular 
representation is superior to others in any ahspluta sense. NO model can 
be entirely objective, for every model carries in it the modeler's 
worldview. Models are not either true or false, but lie on the continuum 
of usefu I nes5. Mode 1 validation is a process of building confidence in 
the usefulness of the model. Such a process. is. inherently gradual and at 
best partly algorithmic. Validity does not reveal itself automatically 
as a result of some formal tests, but it builds .eraduallr as a result 
of a social pro~ess. Validation is a matter. of social conversation, 
because establishing model usefulness . is a conversat ion.i.l matter. This 
is especially true when the model user is not the model builder, in 
which case the us.er must be conyinced ab()Ut ·the usefulness of the 
model. 
Thus, we see that the two opposing schools of philosophy of science 
imply two opposing philosophies of model validation. In the fol.low ina 
sect ions, we shall H tustrate this obseruat ion by referring to specific 
articles. Although our main topic is SO model val~dation, "!Je shaH also 
present examples of non-SO articles addressing soma fundarMntal issues 
of mode 1 val ida1: ion. <Our intent is by no means to ,give an· 41xtens ive 
literature review. For a quite complete review of valid.ation literature, 
the reader is referred to wrigh-t and Shahin <1980>>. 
JV.l. Relationships with NOn-SO Modeling Literature 
One of the early and important non-SO articles dealing· with 
philosophical aspects of validation is Naylor and Finger's •verification 
of Computer Simulation Models" <1966). The authors. di.scuss soi.ne bar.ic: 
phi 1 osoph ical pol:. it ior.s in validation controversy.J i..,.. *Rationlkfism•, a
•Empiricism"'\and 3- Milton Friedman's, "positiu41 economicsO.wh<ich asserts 
that assumpti~ns of a hypo-thesis shou~.~ D,Qi 'be re~uired to bM y'-rif.ied, 
'that the on 1 y c:;r i 1:er ion o-f conf irinal.tion',' iii: ~'th. mod'el 's pl"ed ict fye 
ability. Naylor and Finger arg1.1e that· in P:r<t.ctice~ these three'views 
need not be mutually exclu~ive, and tr·y to coinbil'ie the three !n a 
•multi-stage." verification program. Although Naylor· and Fin9er tal<e an 
eclectic approach, their -fundamental asumption is. actually empiricist& 
• ••• a simulation model the validity o-f. whi~:h has not besn ascertained 
by er11> ir ic.al observ.at ion, may prove to be of interest for' expository or 
pedagogical purposes (eg. to illustrate a particular simulation 
technique), such a model contributes nothinSil to the underr.tanding of the 
system being simulGted• < 1968). The article also holds the view that & 

mode 1 is e i 'ther tru·e or false, rather than view ins validity as. a 'degree 
o-f u·s e f u 1 n e s s ' • 
Another article, pu.blished about the same time, but close•~ ·to the 
opposite ph:llosoPhi•;al view is Nitroff 's "Fundarnent<~~l ls~>•~@s in the 
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Sln~lation of Human Behavior• < 1959), Mitroff argues for 
C. W. Churchrnann 's •exper i.mental ism". This view holds that reality can 
not be Knoun as an isolated objectJ it 1~ not a •starting point•, but a 
•process" of going bacK and forth between the world and the model. 
According to experimentalism, Knowledge is holistic and social, and both 
model building and model validation are inevitabl.y 5ubJectiYe, bY bein~. 
aspects of one's theory of scientific in~utry. Mitroff < 1969> notes that 
those elements we choose as "esserd:ial• and include in our model are 
probab 1 y also chos.en as "essential • in val idat ing the model • 
Milton Friedman's "positive economics• discussed briefly in Naylor and 
Finger <1968) is analyzed by Cyert and Grunberg ( 1963> at more length. 
According to Friedman, i:he assumPtions of· a hypothesis need ll.Q,;L be 
realistic. A hypothesis is confirmed only bY its predictive success. 
Given that such a success is achieved, the val.idity of the assumptions 
is irrele~,:ant. <This sounds very much liKe early losi"cal empiricism>. In 
Friedman's examPle of the •ex.pert billiar·d player•, the hypothesis he 
considers is: "the player solves the formal mathematical problem of the 
path of the balls req.uired for success". Now, this hypothes.ir. is. bas;ed 
on the aJ;sumption that the player has the mathematica.l Knowledge to 
solve such a complex mathematical problem. It i.s ealii.y to dis.confirm this. 
assumption by testing the player for his mathematical sKillii.. But for 
Friedman, such disconfirmation is irrelevant to the verification of the 
hypothesis! If the latter predicts that the player will maKe certain 
shots on certain 'Situations, and if the player does maKe the predicted 
sho~s in all those situations, then the hypothesis is confirmed. Cyert 
and Grunberg criticize this view. They point out that Friedman's first 
mistaKe is his belief that conclusive e.mp ir ical confirmation is 
possible. They taKe the Popperian vie~ that hypothe5es. can only be 
disconfirmed. The second -and fundamental- problem with Friedman's 
theory is that, followed literally, it would lead to the acceptance of 
hypotheses without anY critic~! appraisal or discussion. His ~heory 
implies that •explanatory power• has no role in hypothesis confirmation. 
Cyer~ and Grunberg propose that ~e give much more emphasis to the 
explanator>· ability of model~. They maKe the important observation that 
acceptance of "billiard player's Knowledge of advanced math" comes from 
an unwillingness to study his actual decision-maKing process.. If we taKe 
the alternative approach of trying to model his decision maKing process. 
and incorporate it in our hypothesis, then, the authors. s.tate, "we can. 
not only join our Knowledge with that of other disciplines. studying 
similar behavior, but we ~o~ill gain e>:planatory value for our models as 
well as predictive ability• < 1963). 
A ver>·. gocd overview of .the problem of val.idat ins "larse socale models • 
is provided by House and MCLeod < 1977). The authors approach the problem 
of validity from a very practical perspective, by considering what a 
"l:>uJ;. ineJ;.srna.n IH•u I d be w i 11 ~r.s to spend" for a mode 1: "The businessman 
can not afford to disccunt a 'hoped-for' infinite return as the result 
o-f a.n ur.Kno~.:r, e>:~;end iture for a near-perfect model today. Our business 
world e~i$ts in the present, so the businessman will be s&tisfied to buy 
a somewha.t le:ss than a perfect model for' a Known cost'' ( 1977). 'Perfect 
ua.lic.lity' is. an unreal.izable, ideal concept which implies that a model 
is an exact duplicate of the real system. Interesting!~, the authors 
reject the des irab i J it;· of 'perfect models' even as an ideal concept~ 
because understanding them would be as difficult ~s understanding the 
real system! 
This brief review of l. iteratut'e on validation illustr:ates how different 
views of model val iclat.ion assume different philosophies of scientific 
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inquiry. 
IV.2. Relationships with SO V~lidation Literature 
The first exposition of the views of SO paradigm on the qu•stion of 
model validity was given in chapter. 13 of lndyatrtal Dynamics bv Jay 

Forrester < 1961). Forrester argues that validity o-f a model can DA1. be 
discussed without re-ference to a specific purpose& MDd•l validitv is a 
relative concept. He maKes the stronger claim that •the validitv of a 
mod.el should not be separated from the validitv and the f•asibilitv of 
the goals themselves•. Since reaching an agreement on the feasibilitv of 
the goals can not be achieved through an entirely, formal algorithmic 
process, validation becomes very much a matter of social discussion. 
According to· Forrester, •any 'objective' model validation procedure 
rests eventually at some lowe~ level on a judgement or -faith that either 
the Procedure or its goals are acceptable without any objective proof• 
(1961>. Forr.ester.also criticizes the illusion that using iixed 
statistical 'significance levels' brings objectivity to the validation 
procedure. His point is that the selection of the significance level 
must ultimately be tied to our goals. Another non-traditional view oi . ) 

Forrester is his willingness to accept non-quantitative model 
validation. He argues that a negative attitude ~owards 'qualitative' 
validation pr~cedures is not justifiable, since • ••• a preponderant 
amount of human Knowledge is in non-quantitative form" <1961>. Finall)l', 
Forrester sees explanatory power as important as predictive power in 
model validation. Forrester's views on model validity correspond to the 
relativist, holistic,Fhilosophy of science. We shall ;;.ee in the 
-following sections, that this is true -for System D~namicists in general. 
Seven year.:. after its publication, one of the most well-Known and 
representative reviews of Industrial Qyna,mic;$ was giOJen by Ansoii and 
Slevin< 1968), Ansof-f.and Slevin criticize -among other ideas of 
Industrial Dynamics- Forrester's views on model Yalidation. First, they 
object to Forrester's claim that model validation need not be entirelv 
quantitative. They quote from another critic of Industrial Dynamics, 
Harvey M. Wagner:· "Does Industrial Dynamics represent a tru.ly scienti-fic 
approach? Or does it represent the judgemental approach of a particular 
scientist"? < 1968). The .authors admit that such a critic ism should be 
directed not onl>' to SO, but to the 'management science' in general. 
This implies that management science is not •trul~ scienti-fic•, because 
it i$ •qualitative and judgemental". This view assumes a utopic concept 
of science. LiKe logical empiricism, it assumes that there can be an 
entirely objective, "non-judgemental" method of inquiry, Ansoff and 
Slevin point out that Forrester is not as much concerned with the 
quantitative predictive validity as an econometrician is, Jn Indyo;tcial 
pvnamic:s,, the allthors state, ·emphasis is placed on "maKing models 'true 
to 1 i-fe' the first timE, on obser·v ins carefully, on testing boundaries, 
on testing the ir.ternal logic of the model, on obtaining parameters from 
real-life situations" <1968), The authors complain that-neither a clear 
criterion of: validity, nor the degree of "corresFondance sought" is 
specified by Forrester, rendering the validation process not only 
qual it at iye but also $ubi ec:t iye. The>' add that seeKing "objective 
validity" does o.ll nece:ssar i 1 y mean see~; ing "absolute accuracy". 
Accti~din~ to thi~ view, "absolute truth" is unattainable due to the 
imperfections of the inductive method, but ~due to the subjective 
elements inhe,..ent in all inqu ir;·. Accor·ding to this "naively realist" 
view, scientific method has. its limitations, )o'et it can be entirely 
objective. Ansoff & Slevin overerriFhas ize "quantitative •, "formal" 
validation. Towards the end of the article, they state the .:f..iJ::.ll. 



910THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 

condition a theory must meetc •It should embrace a well-defined body of 
gbseruabJe variables (emphasis added>• C 1868>. Overall, Ansoff & Slevin 
~efend a philosophy of model validation that has strong logical 
empiricist elements 

In his response to Ansoff and Slevin, Forrester (1868> articulates his 
relativist ideas of model validity presented in Indystrial Qynami£•· He 
reemphasizes the role of 'explanation' in model validation by stating 
that a model may well replicate the observed behavior "for the wrong 
reasons •. Forrester. also asserts that validation is ultimately an 
•agreement• and not a proof. Thus, although the question of validity has 
no definite answer "in the abstract~, he states he has •never personally 
encountered a situation where, in the context of a. specific system, a 
particular model and a clear purpose, there was a continuing 
d if. agreement about val id i ty • · < 1968 >. Once again, Forre~>ter argues for a 
•conversationalist•, •functional• philosophy of model v&lidation. 
Another strong criticism of SD method is given by Nordhaus <1973>. 
Nordhaus' paper mostly consists of specific technic&! criticisms of a 
specific SO model, namely f;'orrester's World Qynami£&. The technical 
critic isms are naturally beyond the scope of our art i'cle C a detailed 
technical response is provided by Forrester, Low and Mass 1974>. But a 
few general assertions made by Nordhaus on the question of model 
validity are pertinent to our discussion. The author states that "the 
treatement of empirical re 1 at ions in Wor I d Qynami£& can be sunwnar ized as 
meesyrement withoyt data•, • •.• as not a single relationship is drawn 
from empirical studies •. To ·what exten•t these critic i.pms are valid 
depends. on what the author means by •emp ir ical studies •, on the pyreo&e 
and intended ~ of the mode 1, none of which s·pec if ied in the article. 
But beyond the technicalities, the author does hold an empiricist 
philosophy of science quite incommensurable with that of System 
Dynamics. Quoting from Naylor and Finger, he claims that a model not 
subjected to empirical validation is •void of meaning•. Such a 
•cr iter ion of meaning • is reminiscent of the extreme logical empiric ism 
of the 1930;s. 
An important philosophically oriented SO art icl.e is Donella Meadow '5 
•The Unavoidable A Priori• < 1980). The central idea of the Article is 
the Kuhn ian thesis that e1.1ery modeling schooi inevitably has biases. that 
influence the selection of Problems, solution methods and evaluation 
criteria. Meadows compares the major assumptions of two specific 
modeling schools:, S>·:stem Dynamics and Econometrics. Accor'dingly, the 
maJor assumption of SD is that the behavior of a complex 5Y5tem arises 
from its causal structure, that people do things for some rea50n 
<whether Known or not>. The process of modeling consists of writing 
causal equations that in some way describe the 5Ystem'5 structure. To be 
able to explain the beh.vior by the system's internal structure (rather 
than by external influences>, the modeling approach mus.t be extremely 
'holistic' and 'inter·disciF·linary'. The approach is non-empirical in its 
classiccd sense, not requir·ing strict numerical empirical validation. 
Manv of the equ;;.t ions may be derived bl" "conversations with people 
involved •. Meadows next ta.Kes the Econometric model ins and states that 
in ::uch models caus.al ity is not a major concern. The model equations, 
rnos.tly dictated by data, do not niaKe an explicit claim of cauS-ality. The 
crucial criterion is that the model predicts; 'causal explanation' is 
not sought· for •. The approach is. ernp ir ic ist, highly •atomist ic • and 
•non-interdis.cipl inary•. Ne~t, comparing the SO and E~onometrics 
par ad igrr1:51., Meadows asKs "Wi'll one col!l>et ins P.arad igm eventually 
eliminate the other completely (as. a Kuhnian position would impll'>"? 
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~adous, while admitting that the two discipline~ can not be mixed, 
states that the two c.a.n. co-ex bt ·because they. do &uU. conpete to solve 
~he same type of problem& <Ions-term perspective va. short-term 
-forecasting). 
'Finally, the most conplete discussion of model validation in SO is 
given bY Forrester <1973) in an unpublished research paper. In an 
atteiTPt to clarify the issues underlying the model validity debate, 
Forrester asKs how and why the concept of validity i5 interpreted 
differently by different groups of people. He observes that most 
professionals (managers, engineers, doctors·> taKe validity as •relet ive 
usefulness", whereas most literature on social system& modeling sees it 
as a •formal logical concept rather than a pragmatic issue•. Forrester 
calls the two groups the •operators• and the "observers" respectively. 
How •operators• see validity is very similar to House and MCLeod's 
description of how businessmen see validity. An operator sees a model as 
an incomplete, imperfect theory about his reality, which is valid if it 
proves to be a useful tool in maKing decisions. Forrester stresses that 
an operator •seeKs •hared confidence• because he is •seldom a secure and 
.absolute dictator. He must persuade, he must explain, he must lead" 
< 1973>. For an operator, model validation is very much a •public 
process•. To illustrate the viewpoint of an "observer", Forrester refers 
to the notion of 8 logical validity of an inference• (described earlier 
in this article as the "philosophical problem of validity of ~n 
argument">. Forrester claims that many "observers" have such a concept 
of •val idity• when they seeK absolute and objective model validity 
tests. Now such tests. w i 11 te 11 us whether a loSJ ical mistal<e is made in 
deriving model implications from its as.sumptions, but nothing· about the 
relevance of the model to a real-life problem. Such tests are necessary, 
but insufficient to establish model credibility. Forrester seem6 to 
suggest that many "observers•, not having to maKe real-life decisions, 
are confused about the two aspects of model validity • According to 
Forrester, such "observers• fail to see the impossibility of model 
Justification .bY entirely formal objective tests: For them, "the 
appropr lateness of the a'ssumpt ions is not a part of the validity issue •. 
<M. Friedman's •positive economics• described earlier is an illustration 
of this view>. Thus, Forrester argues that models built by such 

·observers become •collector's items•, havin.s no purpose of practical 
use. And he concludes that since for most observers practical use is not 
important, .rather than seeK ins "shared conf idenc:e a.nd consensus", 
observers would seeK debate: "The observer aims not to create public 
constituency, but instead to display .individual effort, diligence and 
virtuosity" ( 1973). 
This brief surve>' of 1 iterature s~ows that the views of System 
Dynamicists on validation are in the direction of the •relativist" 
phi I os.optw of science. SO pract it loners see the validation problem much 
'the same wa>' the roew philosophy of science sees the problem of ''"theory 
verification". Acc:ordinsl>·, validation < "verification•) is inevitably 
relative. It is a matter of social conversation, rather than objective 
confront at ion. It is hoI ist ic, rather than reduct ion ist, practiced, 
rather than formal. Having seen the connections between model validation 
and the two opposing philosophies of science, we can repeat the question 
posed at the beginning of this article: "Is System Dynamics method truly 
sc ien1: if ic?" The an~.wer is opv ious: • It depends ora one's philosophy of 
science•. If one adopts the traditional formalist, e~~¥>iricist 

philosophy, then SO method does ~sound entirely scientific. We showed 
in this article that this type of philos.ophy under·lies most of the 
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empiricist criticisms of SD methodology, If on the other hand,.one 
adopts the recent rel•tivist phil~sophy of science, then there is 
nothinS~ •unscientific• in the way SD treats the ~uestion of model 
vaJidtty. 

Y- CONCLUSIONS 

In.this paper, we started by stating that since System Dynamics type of 
<caysaJ) models are uery much liKe scientific theories,·we tend to asK 
that validation of such models conform with our norms of •scientific 
inquiry• .. But then.we showed that the philosophy of science does not 
present a unique uiew about the nature of scientific inquiry. We 
described t~o~o fundamental and oppos.ins philosophies of science& The 
traditional logical empiricist view ~o~hich holds that scientific theories 
can be verified <falsified> b>" entire!>' op'jective formal methods. The 
na.tural implica.tion of this view is that model validation can be 
carried out b>" entirely objective formal, "confrontational• methods& 
validit>•.means "truth". The mOdern, relativist philosophy of science, on 
the othe~ hand, hold~ that scientific theories can only be verified bY 
9 ... ac!u.:ol, conversational, semi-formal methods. This means 'that model· 
~·~] id~tion too can or.l>· be carried ·out by semi-formal, holistic, 
cc.nversa.t ional methods: validity mearas relative usefulness. Then, we 
showed that the System Dynamics paradigm sides with this recent 
relativist philosopy of science on tt.e issue of model validity. 
Similar!~·, rriost criticis.ms of System O>·na'lllic.s methodolog~ are based on 
the or:-pos il'!g 1 og ica.l e~ ir ic ist phi 1 osophy of ;~;c ience. These conceptual 
1 inl<~ between the philosophies of science and the views of· model . 
validation have important practical implications for both the S)fstem 
Oynamicists and their critics. 
First, the implications for the critic's position. The critic who 
accuses SD for being •unscientific" because SD validation procedures are 
not "objective, formal and quantitative enough" should know that his/her 
view of "s..c ien1.'if ic objectivity • and "formal ism" represent;~; only one 
side of the fu~damental ~hilosophy of science debate. S<he> should take 
into acc:o;.H·,t the fact that there is an· alternative widelY held 
philosophy of science that is in agreement with how System Dynamicists 
\dew the model vco.lidit~· question. This being so, critics should try to 
avricf c.-itici:rins SD rroc·del validation based ori such general 
character izat ic.•ns as "not objective •, •not empirical •, •not formal 
eno:.~gh". Svch cr·iticisms will never be per·suasive for the System 
O~~?micist who happen• to held just the opposite philosophical view on 
sue~ issues. To be constructive, critics should taKe specific SO model 
va.lidatie>n techniques and applications and explain lllJ:l.'t..they thinK these 
are weJ?J<.tools of model val·idation. Critics must be able to say "the 
~ollowing specific validation tools you.are usin~ are not convincing for 
tl'e fc ll owing reasons". Ther., ttae>·' must sugSilest alternative more 
"<:~l:>jective and formal" methods, and ·state ~o~hy these alter·native methods 
would help increa.se the validit>' of the model. 
Our cor•clusions. have some F·r·~ctical imF·lications for the Sy$tem 
O;·narr•icis.t':s pcsition a;;, ~<ell. Real-life experience has taught most SO 
<or other causal) modeling practitioners that models are inherently 
incomplete, relative and partl>·' subJective and that model validity is 
re;;.l]>· us.efulness with respect to a specific purpose. But at the same 
time, most practitioners unaware of the recent relativist philosophical 
developMEnts, would thinK that their owr. view of .model valid·ity is not 
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really •quite scientific•. These practitioners have been influenced by 
the established traditional philosophy of science that requires a utopic 
objectivitY and formalism for an inquiry to be •scientific". Thus, many 
practitioners, while experiencing that valid&tion is bound to be a 
relative, semi-formal and conversational process, at the same time see 
this as a weaKness of their model.i·ng fields. We show in this article 
that the recent relativist philosophy of science claim$ Just the 
opposite: Accordingly, even the scientific theories of natural sciences 
are justified much the same way as models of social systems are 
validated. There is no qual Uat iye difference betweer, the two: They are 
both semi-formal, relative, holistic, social Processes. SO-type modelers 
owe no apology for not meeting an outmoded and utopic criterion of 
sc ient'if ic in<!.u iry. 
Finally, we must point out that the relativist philosophy of model 
validation does r:uU.. imply that pursu.it of formal quantitat.ive validation 
tools be abandoned. On the contrar>', such tools are most us.eful when 
they are used with the rel.ativist philosophical perspective. 

·Accordingly, formal ·too 1 s can r:uU.. be comp 1 ete tests of mode 1 validity 
and they can r:uU.. turn the ·overall validation problem into a purely 
objective formal, algorithmic process. But, these tools are very 
effective ways of organizing, summarizing and coiTVllUnicating information. 
Formal tests can r.ot automatically determine the validity of a model, 
but the>' can provide valuable information in jydging and commynicaiina 
the usefulness of a model. Since the relativist philosophy emphasizes 
that validation is a matter of social conversation, Sy~tem Oynami~ists 
should be the first to appreciate the role of formal quantitative tools 
in summsorizing the infoi·mation pertinent to model validity and 
commun icat lng it to the interested community. <See Sterman 1984 and 
Bar 1 as 1985 >. The chal I enge is to des isn quantitative me·as.uras. that 
capture information pertinent to the model's usefulness with respect to 
its purpose. 
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