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Abstract

Among the various techniques of modelling and simulation developed
in the context of systems research, System Dynamics occupies a central
place. This paper analyzes some epistemological problems concerning
modelling and simulation through System Dynamics, mainly the sense
in which System Dynamics models endeavour to grasp or represent
relevant aspects of reality. Two main perspectives have being advanced
with regard to this topic: the naive realism linked to philosophies of
science such as those of logical positivism and critical rationalism,
and the relativism which emerged from the crisis of said philosophies.
We examine these perspectives by giving a general overview of the
philosophy of science in this century. Then, we try to show that some
recent epistemological proposals, such as the “internal realism” of Hilary
Putnam, are able to offer a new third way which lies between naive
realism and relativism. The “internal realism” of Hilary Putnam should
be able to clarify many of the features of System Dynamics modelling,
especially the important role mental models play in it.

Résumé

Cet article étudie quelques-uns des problemes épistémologiques soulevés
par la modélisation et la simulation a partir de la Dynamique des
Systémes. It s’agit de savoir en quoi les modeles de Dynamique des
Systémes saisissent ou représentent les aspects pertinents de la réalité.
Deux points de vue ont été développés & ce propos : le réalisme naif
associ€ au positivisme logique et au rationalisme critique d’un coté;
le relativisme, qui émerge d’une crise de ces philosophies de I’autre.
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Nous examinons ces approches 2 partir d’une vision générale de 1a
philosophie des sciences contemporaine. Nous tentons de montrer que
certaines propositions épistémologiques récentes, comme le « réalisme
interne » d’Hilary Putnam, sont en mesure de constituer une troisieéme
voie intermédiaire entre le réalisme naif et Je relativisme. Le « réalisme
interne » de Putnam devrait permettre d’éclairer bon nombre des
caractéristiques de [a modélisation par la Dynamique des Systémes,
hotamment le rdle important qu'y jouent les modales mentaux,

L INTRODUCTION

In the wide context of systems research, the building of computer models
of simulation has recently become one of the areas of major interest and
growth. Among the various representational and computational tools for
modelling and simulation developed in that context, System Dynamics (SD)
has had an increasing importance and applicability since the 60s, especially
in the fields of social sciences and economy. SD is a complex scientific
and technological activity deserving of a serious epistemological analysis.
The epistemological analysis of modelling and simulation through SD is
important both to practitioners and theorists of SD. At the same time, this
analysis also suggests some new and interesting perspectives in the general
context of systems research.

In this paper, we will focus on the sense in which SD models can grasp
Or represent certain relevant aspects of reality. This will offer a special kind
of genuine explanation and deep understanding, even though we can always
have a plurality of models and some of them can be empirically equivalent.

We will pay particular attention to new developments in recent philosophy
of science.

We want SD models to have the most realistic content possible, as their
intention is to 8rasp or represent certain releyant aspects of reality. There is
a great difference between, on the one hand, purely correlational or statistical
models and, on the other hand, SD models. SD models are intended to be
devices useful for forecasting and control. However, SD models also try to
offer explanation and understanding, even some sort of causal explanation
and causal understanding. In relation to this, one of the main epistemological
problems we must confront is that it is very difficult to arrive at formal
(i.e., logical or mathematical) restrictions that enable us to select and Justify,
among all the possible empirically equivalent SD models that could be built,
the more realistic ones.
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We know that, formally, the same quantitative data contained in our
reference modes or temporal series, the same empirical behaviours, can
always be generated by many different structures. Furthermore, there is no
formal way to choose among them, or to obtain the ones with the most
realistic representational content (from very different perspectives, this h‘as
been pointed out by, among others, Aracil 1986; Aracil, Vdzquez and L?z,
1990; Putnam, 1981, 1983, 1987, 1990; Searle, 1980, 1984; Vidzquez and Liz,
1989; and Zeigler, 1976, 1984; and is very close to some theses of AQ-uine,
1968). The only possible strategy to decide among different‘ empirically
equivalent SD models appears to be not formal, but rather, linked to the
non-formal ways in which real systems can be in touch with our knowledge
of them.

Authors related with SD have brought up various reflections with regard to
this issue. Some have suggested that the epistemology of critical rationalism,
that is, a falsationism along the lines of Popper, could fit SD procedures (Bell
and Bell, 1980; Bell and Senge, 1980). However, critical rationalism l‘las
often been criticized because it provides an idealistic view of the scientific
enterprise. Critical rationalism is based on the premise that it is possible
to establish a general logic of scientific research, a logic of conjectures
and refutations able to assure a progressive approach to an objective truth.
There is no doubt that critical rationalism marks a deviation from the rigid
inductivist epistemologies of positivism, mainly from the veriﬁcationism of
the logical positivists, but its insistence on the demands of a single metbod
for all scientific knowledge has the same negative effects as those of logical
positivism. In the images of science provided by both perspectives, kr.lowAledge
is understood as the discovery of the structures possessed by reality ltsel.f,
independently of our entire epistemic contribution. In order to know, it
would be enough to decide be rational and to follow the general method
of science.

But, if we want to analyze the sense in which SD models may have
explanatory power and may help us understand complex real systems and
manage our actions through them, we need to go bac.k to the real and
concrete subjects of knowledge. It is necessary to bring into the proce§§ of
knowledge all the elements overlooked both by positivism and also by‘ 01‘{t1cal
rationalism. And, at this point, we must give consideration also to the? insights
of all the philosophies derived from Kuhn, of the various pragmatlsm§ .and
holisms, of the structuralist philosophies of science, and of other tl’adl'[lOI?S
which, although falling outside the strict area of philosophy of science, as is
the case of phenomenology, hermeneutics, and so on, are nonetheless able
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to detect very well many of the failures and shortcomings of the so-called
“myth of science”.

In this vein, other authors related with SD have thought that a relativistic
epistemology would offer an adequate framework for the justification of the
claims of SD models (see, for instance, Barlas and Carpenter, 1990). By
relativism, these authors mean some sort of moderate or practical form of
relativism in which all epistemic justification is contextual and relative to
specific interests and purposes, not an extreme relativism. Indeed, extreme
relativism can say nothing about justification, whereas moderate relativism
can. Extreme relativism is not an alternative epistemology and philosophy of
science, but the rejection of all epistemologies and all philosophies of science.

Moderate and practical forms of relativism, such as those defended by
Barlas and Carpenter, are able to make sense of many aspects of SD
modelling, for instance a valid SD model is one that proves to be useful
with respect to a set of particular interests and purposes. The difficulty with
this epistemological point of view is that it cannot say much more. And
even though usefulness and success are properties which must be considered
of importance to consider a SD model to be valid, in themselves, with
respect to our interests and purposes, usefulness and success cannot be the
only properties which define the validity of these models. As we have said
before, we want, for our valid SD models, some kind of real explanation

" and understanding, and these are things that do not fall within the narrow
scope of moderate relativism.

Consequently, we cannot rely on any of these perspectives (logical
positivism, critical rationalism or falsationism, or relativism) in our attempts
to find a solution for the epistemological and methodological demands of
real explanation and understanding in SD. Fortunately, there exist nowadays
other philosophical perspectives that can help us. In this paper we propose
the “internal realism” of Hilary Putnam (see, for instance, Putnam, 1981,
1983, 1987, 1990) as an useful philosophical orientation to clarify some of
these conceptual problems. The perspective offered by Putnam allows us to
make sense of how some kind of realism, explanation and understanding are
possible even though there is no privileged single model, or set of models,
able to grasp every single aspect of a real system, and even though there
are no formal restrictions that allow us to select and justify the specific
structure posited by certain models ahead of all the alternative structures
able to generate the same empirical behaviours. The “internal realism” of
Putnam helps us to clarify these points by preserving a central place for
aspects such as the interactive character of the modelling process and the role
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which mental models can play in that process as an unavoidable source of
knowledge (about that, see Meadows, 1980).

II. MENTAL MODELS, REAL SYSTEMS, AND SYSTEM DYNAMICS
MODELS

In SD modelling, three main kinds of knowledge converge: 1) the structural
knowledge of the systems usually provided by mental models, 2) the
quantitative knowledge related to the so called “reference modes”, “temporal
series” or “empirical behaviours”, and to the initial conditions in which
real systems are placed, and 3) the operational knowledge involved in the
specific strategies for building SD models and extracting from them dynamic

consequences and certain policy actions.

It is essential to have these three kinds of knowledge included coherently
in our SD models. While empirical behaviours give the quantitative data and
anchor the quantitative results and predictions of SD models in reality, mental
models give information which is not so much quantitative as structural.
Mental models are sometimes supplemented with particular applications of
available theories but, of none are available, they constitute the only source
of structural knowledge concerning the systems being modelled (Forrester,
1986). In any case, and even with the help of theories, mental models are
fundamental both to postulate a certain structure and to steer our action with
the help of SD models.

Lastly, SD operational knowledge gives the basis from which it is possible
to articulate all the information, ideas and hypotheses. It is constituted by
the specific SD skills and practical knowledge that the modeller uses when
the other two kinds of knowledge are integrated obtaining a very special
formal representation: the SD model. SD models are a kind of computer
model. The tool provided by SD operational knowledge is an adaptation of
the mathematical theory of dynamic systems to the representation of some
structural and dynamical aspects of reality. The end product of the modelling
is a formal or abstract representation, a model in SD format, which, with the
help of computers, enables us to broaden and make clear and operative both
the previous more or less intuitive knowledge provided by mental models
and the quantitative knowledge obtainable from reality.

Of the three kinds of knowledge ennumerated above, mental models seem
to be of particular importance. We can assume that mental models are a sort of
psychological construction with an intended representational content. Mental
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models lead to certain descriptions of reality that are usually expressed by a
set of sentences in ordinary language, describing both the interactions among
the elements within the system and their external influences. These sentences
describe the qualitative way in which a change in one magnitude leads to
variations in another.

In many fields it is usual not to have any other structural knowledge
available except for the one coming from mental models, with practically
no theoretical component. The modelling of complex social and economical
systems is a perfect example of this. In these cases, when no other more
specific theoretical knowledge is available, mental models become the main
source of knowledge that enable us to articulate and express our ideas with
regard to the structure we hope to find in the real system, especially our
ideas concerning the basic structural components and relationships that could
generate its behaviour. Mental models are a basic and indispensable source
of knowledge in the SD models building process. In a nutshell, SD models
must be guided by mental models (see Meadows, 1980; for a general analysis
of the various concepts of model in SD, see Liz and Vizquez, 1992).

However, mental models are very poor with respect to obtaining dynamic
consequences or providing precise knowledge of behaviour. From mental
models, and with the help of the two other kinds of knowledge (2 and 3
above), we build the formal SD models. SD models are a kind of computer
model in which a given mathematical structure is able, over time, to generate
the possible behaviours of all the variables considered. SD models refine
mental models and let us identify their dynamic properties in a much more
precise way. In particular, SD models enable us to explain and understand
how the relationships among the structural elements suggested by mental
models are able to give rise to certain relevant behaviours. In consequence,
SD models are guided by mental models but mental models must be also
clarified and improved by SD models. And this is so in two senses: 1) with
respect to the possible dynamic consequences of the structures assumed in
reality by our mental models, and 2) with respect to the decisions and policy
actions to be adopted.

At this point, it is necessary to note three important attributes of mental
models:

L. Mental models are not fixed; they change with experience, action and
discussion, and also through the SD model building process.

2. Mental models are not simple; they contain rich and relevant information

about the basic components and structural relationships of the systems in
which subjects are involved.
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3. The structural information that mental models provide about certain
systems, those which are the result of human decisions and actions guided
by these same mental models, is usually highly reliable, for example,
socioeconomic ones.

In other words, mental models can be said to be strongly interactive and to
have a very rich and relevant representational content regarding the structure
of the systems; moreover, in some cases, this structural information is highly
reliable.

SD models are rational structures that generate a formal behaviour which
must fit the empirical behaviour of the system being modelled. Thus, for
a model to be accepted as valid, in the first place, it is necessary that the
hypotheses used to build the model be compatible with the available scientific
or heuristic knowledge. And, secondly, these hypotheses must be able to be
captured adequately with the representational tools of SD language, and all
this information must be properly processed to reach conclusions that fit the
empirical behaviour. So far, we have some sort of empirical adequacy able
to offer forecasting and control. However, the validation of our SD models
requires something further. It also requires an explanation and understanding
of the structures that really work in the systems. SD models must provide
explanation and understanding. That is a third element necessary for the
validation of SD models in addition to their empirical adequacy. Only in this
way is it possible to clarify and render operative the previous mental models
upon which SD models are based.

A SD model is the final result of the progressive refinement and
formalization of a mental model or set of mental models, and this refinement
and formalization is not merely quantitative. One important aim is to obtain
a formal model that can generate the adequate empirical behaviours. But
it is also very important to obtain a formal model able to explain and
render comprehensible these behaviours. The formal model must allow us
to understand and explain how behaviours are generated from the assumed
structures. Thus, the role of our SD models is not only to generate a certain
behaviour, but also, to a certain extent, to explain and understand how this
behaviour is generated. And this directly involves connecting up with the
way in which mental models focus on real systems.

As we have noted above, mental models are highly interactive, have a rich
and relevant representational content, and this content sometimes provides
highly reliable structural information. With the help of other quantitative
empirical types of knowledge, coming from reference modes, initial conditions
and so on, SD models are able to formalize, improve and extract precise and
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quantitative dynamic consequences from mental models. Perhaps the same
quantitative results could be obtained by means of correlational or statistical
strategies. There are other possible modelling techniques that, although totally
unlike our use of mental models, can achieve more or less the same forecasting
and control power. But, if SD models require explanation and understanding,
and not merely forecasting and control, they must link up with and be in
constant touch with mental models. This is one of the most distinctive and
important characteristics of SD modelling.

The difficulty encountered here is that it is impossible to find formal (logical
or mathematical) restrictions that enable us to select a single SD model, or set
of SD models, as having the intended most realistic representational content.
Sometimes, we have empirically equivalent SD models, that is, several
alternative SD models able to reproduce the same empirical behaviours.
On other occasions, we have to choose between a large and a small SD
model, etc. These problems undermine considerably the claim that our SD
models grasp or represent relevant aspects of real systems, and that their

epistemological justification can assure these realistic claims. What is meant.

when it is said that a given SD model represents an aspect of reality? What is
the scope of our claim that we represent faithfully, through our SD models,
several aspects of real systems? What does the SD model capture from reality,
or, to put it in another way, what does the SD model reproduce of reality?

We will analyze these difficulties in greater detail, although first, we wish
to give an overview of the general problem of the justification of knowledge
through some of the more recent developments in the philosophy of science.

III. AN OUTLINE OF THE PRESENT PHILOSOPHY OF SCIENCE

There has been a good deal of discussion in the philosophy of science
since the beginning of this century that can help us better understand some
of the conceptual problems involved in the elaboration and justification of
our SD models. The importance of these philosophical reflections for the
theoretical development of SD has been underscored on several occasions
(see, for instance, Barlas and Carpenter, 1990; Bell and Bell, 1980; and Bell
and Senge, 1980).

IIL.1. The Origins

In the second part of our century, philosophy of science is in marked
contrast with the conception of it which prevailed in the first part. The
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latter conception meant the genesis of the philosophy of science, in the way
we understand it today. The main components were the logical atomism
of Bertrand Russell and Ludwig Wittgenstein; the logical positivism, or
neopositivism, of the Vienna Circle and of the Philosophical Society of
Berlin, which grew up around Schlick and Reichenbach, respectively; and
developments in logic introduced by Frege, Russell and by the Polish School
of Logic, with Lesniewski, Lukasiewicz and Tarski, among others. (The
following references are useful: Achistein and Barker, 1969; Ayer, 1959;
Dummett, 1973; Griffin, 1964; Kraft, 1950; Russell, 1956; Tarski, 1941,
1956.)

All these authors and groups maintained strong links among themselves.
They defended positions close to empirism, on the one hand, and, on the other,
to rationalism. They asserted most of the philosophical views of classical
empirism (Francis Bacon, Locke, Newton) and of Comte’s positivism. But at
the same time they used the formal tools of symbolic logic, looking for the
clarity and the precision that classic rationalism (Descartes or Leibniz) had
sought with the individual use of reason.

In this conception, experience was the basis of all knowledge. For some
authors, like Carnap or Russell, this empirical basis was made up of sensory
data; for others, the majority (including Carnap in another period; see Schilpp,
1963), by the physical world. In any case, a point of contact between
knowledge and reality was considered necessary. This compromise with
reality was essential to confer content on all our knowledge.

However, although experience was the basis for all knowledge, it was
necessary to distinguish between the genesis of knowledge and its justification.
The genesis of knowledge could be subjected to changes in history, sociology,
economy, biography, etc., and so resist our rational analysis. However, the
justification of knowledge was a rational affair. Knowledge, science, was
basically understood as being a language with an empirical content and with
a logically analyzable formal structure. Empirical and conceptual controls of
knowledge had to be in tune with a certain logic. To discover that logic was
the main goal of this philosophy of science, and an important part of such a
logic consisted in a rigourous systematization of the relationships established
between the singular statements of that empirical basis of science and the
general statements of its theoretical elaborations. These relationships were
thought to be mainly of an inductive and verificationist type.

Due to the existence of that method, science became the paradigm of
theoretical rationality and the master of all objectivity. From here came its
great cultural value. Science was considered to be the only cultural pattern
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able to guarantee objectivity and rationality. Only science could be rational
and discover rationally the very reality of things.

That objectivity and rationality would explain both the dynamics of
scientific development and, at any moment in time, its relative success
and failure regarding explanation, forecasting, and technological application.
Science progresses and enjoys success when it discovers the reality of
things. And that discovery is achieved by adjustment, through the historical,
sociological, economical or biographical opportunities, to the criteria of
rationality imposed by its own scientific method. Thus, it should be possible
to speak of rational reconstructions of science.

It was believed that the objectivity and rationality of science should
be extended to other cultural fields, and particularly to the social and
technological fields. Social and technological organizations should be
conducted following exclusively scientific criteria, and the theoretical
disciplines that analyze them should follow the general method of science.
Social and human sciences should follow natural sciences. At the same
time, every technological activity should be applied science. In general,
the theoretical objectivity and rationality of science should influence every
practical objectivity and rationality.

This positive valuation of science led to the idea that it was necessary to
differentiate science from pseudo-science as well as from any other cultural
manifestation. Where the rationality and objectivity of science could not be
used, for example in religion or art, one could find only things like imperative
norms, feelings or emotions. With respect to this, the viewpoints of the Vienna
Circle were particularly radical. Only verifiable statements could be scientific.
To be more precise, only those statements with respect to which we had a
procedure to test, more or less directly, their truth or falsehood could be
scientific. Statements that are not verifiable are statements without meaning,
They can only express normative facts, feelings or emotions. Nothing more.
Outside science, there are only pseudo-statements, statements without any
meaning by which they can be considered true or false.

III.2. The End of a Myth

The image of science that we have described above is considered to be a
myth in the recent philosophy of science. The crisis of such an image has
several fronts. We are going to mention briefly four of particular importance:
1) the Popperian front of critical rationalism or falsationism, 2) the front
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opened by Kuhn, 3) the front of holist and pragmatist philosophies, and 4)
the front of the structuralist conceptions of science.

The first front was opened with Popper’s book “Logic of Scientific
Discovery” (Popper, 1959; see also Popper, 1965 and 1972; for a wider
contextualization, see Lakatos and Musgrave, 1970). Without breaking
completely with the previous image of science, Popper was always
highly critical of inductive tendencies of empirism, particularly with the
verificationist proposals of logical positivism. For Popper no scientific theory,
no general statement is completely verifiable. All our knowledge is, by nature,
provisional.

Popper finds verificationism not a suitable methodology for science either.
To look for highly verifiated hypotheses is a poor methodological strategy.
Science, for Popper, should not try to find verifiable hypotheses, but rather
ones which, being refutable, are full of content. In other words, for Popper,
science should dry to find hypotheses that 1) although not false at the
moment, may become so, and that, at the same time, 2) are as compromising,
risky and ambitious as possible. Science develops through conjectures and
refutations, through trial and error, not through inductions, generalizations,
and verifications. We accept a hypothesis not because we think that is
true forever, but because, in saying more about the world than alternative
hypotheses, it has not yet been refuted.

With respect to the problem of distinguishing science from non-science,
Popper maintains that, because total verification is always impossible,
verifiability cannot be useful as a criterion to separate them. What would
be necessary to distinguish science from non-science is the existence of
methods to refute scientific statements and the inexistence of methods to
refute non-scientific ones.

Popper’s view is more dynamic than those offered by previous philosophies
of science. At the same time, it is more global. It places scientific development
in the wider context of the cultural development of our civilization. However,
beyond their different perspectives, both logical positivists and Popper believe
that it is possible to establish a logic of science, an inductive logic or some sort
of logic of conjectures and refutations, able to assure the progressive approach
to objective truth. The falsationism of Popper entails some change with respect
to previous philosophies of science. But the rupture was not complete until the
appearance of Kuhn’s “The Structure of Scientific Revolutions” (Kuhn, 1962).

Kuhn generalized the idea that it is not possible to analyze science from
an exclusively logical point of view, but rather that it is necessary to study
its true history, the development of scientific institutions and the biography
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of scientists using empirical methods (the empirical methods used in history,
sociology, psychology, etc.). . |

Kuhn begins by distinguishing between normal gnd revolutlf)nary sc1?ncci’.
Normal science is what scientists usually e'ngage in and COl’lSl.StS of ustn.g a
paradigm to solve typical problems. Revolutlontclry'smcnce consmts“of (':rzfitm%
new paradigms. Despite the considerable. ambiguity of the terrrll para 1gm‘
in Kuhn’s work, paradigm could be described as the set qf theories, copcepts,
uses, methods and scientific traditions that‘ COerl.‘ unity to the sc1ent1ﬁc
activity of a community during a relevant period of time. The important Pomt
here is that there is no rational way to choose between .dlfferent par.a.c.h{gms.
Paradigms are, between them, incommensurable. Any crlt.en.um, empmc;l or
conceptual, to compare paradigms must be ?levelsped within one paradigm
or another. There is no neutral “logic of science”.

Kuhn attaches great importance to the very @ynamic of institutions,
scientific communities and real people in the genesis, proplagatlon.and (ie.ath
of paradigms. The introduction of a new paradigm looks like the 11.np051tl10n
of a new ideology, so much so that one cannot spegk of a rational _‘md
critical acceptation. Neither is it possible to attempt 1‘at19nal reconstructl‘o.ns
of science. These issues, and the thesis regarding the .1nc01.nmensur'ab11.1ty
between different paradigms, undermined the intf.:rnal raflonahty of scu‘:ntlﬁc
development which had been emphasized by previous philosophies of science.

In this situation, some philosophers, like Feyerabend .(Feyerapend, 1970,
1981), accepted all the relativism entailed in Kuh.n’s point o.f view. .On th;
one hand, every observation, every piece of data, is loaded with thef)ly. It is
not possible to separate theory and experience.: completelly, and theories 'com'e
from incommensurable global world conceptions. Empirical confrontz}tlon is
never definite or decisive. Reality is always seen tpfo‘ugh our theories and
world conceptions. On the other hand, conceptual criticism canqot be wh(?lly
distinguished from ideological imposition elther: The only ‘eplsterﬁologlcal
and methodological advice that philosophy of science can give us is that of
an absolute pluralism. According to Feyerabend, the hope of a hxe.d method,
of a logic of science or, more generally, of a theo.ry of rgtlon&hty, comes
from a naive view of human beings and their social en‘v1ronments. There
is only one normative principle for all circumstances which are part of the
human development: “Anything goes”.

We would like now to turn briefly to an examination of the holist %md
pragmatist philosophies of science. One of the former exponents of hohsr.n
is the French scientist and philosopher Pierre Duhem,. who developed his
view towards the end of the last century and at the beginning of the present
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one. He insists in the idea that any datum which contradicts our theories can
always be reformulated through some theoretical readjustments and thus fail
to be a problem. According to Duhem, on the one hand, theories are artificial
constructions designed to resume and logically systematize experience. On
the other hand, however, there is no experience without theories. Theories

resume and systematize an experience which is always guided by other
theories (Duhem, 1989).

Pragmatism is another of the philosophical approaches that contributed to
the crisis of the previous philosophies of science. Pragmatism originated at
the end of the last century in Great Britain and the United States (on the
history of pragmatism see, in general, West, 1989). Pragmatism emphasizes
the practical function of belief. The truth of our beliefs, statements or theories
is considered to be a function of their utility in human development. Truth
cannot have a correspondence with reality because reality is not static or
fixed independently of our preconceptions and points of view. Truth is not
discovered, but it is not merely invented either (unlike, for instance, a simple
fiction). Truth is constructed through our actions. This view runs into a
pluralistic perspective. Truth is always relative to the epistemic subjects. It
makes no sense to think of truth as a universal value (“truth for everybody”).
Dewey and James are, perhaps, the pragmatist philosophers who have most
insisted on the pluralist consequences of pragmatism (see, Dewey, 1978,
1981; and James, 1978).

All these holist and pragmatist intuitions were subsequently taken up and

developed by philosophers such as Quine, Davidson, Putnam, Goodman or
Rorty.

Quine rejects what he calls the two basic dogmas of empirism: 1) the
analytic/synthetic distinction; that is, the distinction between logical truths
relative only to the meanings of the terms of a language and factual truths
that depend on the way the empirical world is, and 2) the existence of an
incontrovertible empirical basis able to solve all empirical problems through
a reduction (Quine, 1951).

Quine also develops the ideas of Duhem and arrives at what is currently
known as the “Duhem-Quine thesis”: scientific theories must be globally
understood and they can never be definitively confirmed or falsified (see
Hahn and Schilpp, 1986). We can also find in Quine the so-called thesis of
the radical opacity or inexcrutability of the reference: terms in our languages
and theories always admit alternative interpretations of their references which
are able to preserve the truth of what is said, and there is no logical or
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empirical way to decide among them to solve this indetermination (Quine,
1968).

To the dogmas criticized by Quine, Davidson adds another very interesting
and more general one which he also rejects. This is the dogma of the
distinction between scheme and content, between the conceptual schemes
with which we wish to describe something, and what is described through
those conceptual schemes (Davidson, 1974).

Putnam, who had previously defended and argued in favour of a classic
philosophy of science, is now the main exponent of the trend known as
“internalism”, which we will examine in detail in the next section. He takes
up the criticism of empirism made by Quine and Davidson and the holistic
and pragmatist traditions, and insists that there is no sense in pretending
that our knowledge represents reality as it is in itself, independent of our
languages, conceptual schemes, concerns, viewpoints, values, goals, and so
on (Putnam, 1981, 1983, 1987, 1990).

This front leads also, like Kunh’s, to philosophies of science which are quite
close to relativism. A clear example is that of Richard Rorty (Rorty, 1979,
1982). The pluralism of Nelson Goodman is a further example (Goodman,
1978). What all these views have in common is the rejection of the impartiality
of both the tribunai of experience and the tribunal of reason; in other words,
the view that there are no ultimate and unchallengeable criteria that can
justify our knowledge.

The last front we shall refer to is that of the structuralist philosophers of
science. Their analyses are elaborated mainly in opposition to the views of
logical positivism, which they denote as the “standard or received view”.
Some particularly important structuralist philosophers are Balzer, Moulines,
Sneed, Suppe, and Stegmiiller (see Balzer, Moulines and Sneed, 1987; Sneed,
1971, 1983; Suppe, 1974; and Stegmiiller, 1970, 1973, 1979).

According to structuralism, theories are not logically organized sets of
statements, but rather mathematical structures that are applied to reality
through certain models, chiefly models that have been historically proposed
as their paradigmatic applications. Why are these models so privileged? Any
theory admits formally (in a logical and mathematical sense) a large number
of unintended models or interpretations. This multiplicity of models and
interpretations would undetermine what reality the theory is about. This is
the same problem we have seen in Quine, with respect to the determination
of the references of the therms of a language. And it is also the same problem
that we find in authors as different as Searle and Zeigler, with respect to the
possibility of generating the same behaviour through different structures. It is
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something we have pointed out with respect to SD and that we shall see again
in Putnam (the main references here are Quine, 1968; Putnam, 1981, 1983,
1987, 1990; Searle, 1980, 1984; Zeigler, 1976, 1984). For structuralism, the
only way to get away from this formal indetermination is through contextual
criteria. The intended models or interpretations of a theory, the slides of
reality that we want to talk about, are in the first place those which have
been historical examples of its application.

Another important point in structuralism is that it maintains that the classical
distinction between theoretical and observational terms is not clear. Two
distinctions exist: theoretical and non-theoretical, and observational and non-
observational. The second distinction poses few problems. What is or what
is not observational depends on our sensory apparatus. Structuralists focus
on the first distinction. For them, the distinction between theoretical and
non-theoretical terms must always be made in relation to a certain theory.
What is non-theoretical regarding a certain theory, is theoretical with regard
to some other. The empirical basis of science becomes, therefore, something
which is always viewed through our theories.

IIL.3. New Insights

What, then, is the present situation in philosophy of science? First of all,
there has been a clear shift in aspirations. While philosophy of science at the
beginning of the century was proud of its results, recent philosophy of science
offers more questions than solutions. Instead of the logical reconstructions of
scientific knowledge and their justification procedures, we are faced nowadays
with the impossibility of making clear in formal (logical or mathematical)
terms most of the peculiarities of scientific knowledge. We always need
contextual elements: psychological, sociological, economical, historical, etc.

Linked to this antiformalism, we find an acknowledgement of the holistic
and pragmatic character of the scientific enterprise and its interrelations with
other aspects of our culture. The complex relationships between science and
technology are a special case of this recognition. That is why the philosophy of
technology has recently become an independent field of research. Nowadays,
technology is not usually considered to be an applied science. Technology
introduces ways of knowing and behaving related to those of science, but
different in many ways.

In opposition to the classical search of the Method of Science, with capital
letters, for a set of criteria able to define what is the justification of our
knowledge and its rationality, recent philosophy of science offers an open
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and pluralistic view. The criteria for justifying our knowledge are not fixed,
but are changeable and very circumstantial. They depend on our interests,
decisions and goals. There are no final justifications either. Justification and
rationality are more a process than a state. They are a process in which saying
nothing, supposing that something has been completely justified, represents
a backward step.

The changeable and circumstantial character of the justification criteria
entails many implications. There is more than one kind of justification, and
the kind of justification required in a given field need not to be the same as
that used in other fields. Each program of scientific research and technological
development has to define its specific criteria of justification, in a way similar
to that of Kuhn’s paradigms.

Even outside science there may be justification criteria that do not
necessarily overlap with scientific ones. Here, recent philosophy of science
links up with epistemological traditions which on other occasions were very
far removed from it. We are referring to traditions such as phenomenology,
existentialism, dialectics, hermeneutics, recent French philosophy, and so
on (for an introduction to these, see Bubner, 1981; Descombes, 1979; and
Rajchman and West, 1985). For the old philosophies of science, experience
was always considered as either being a matter of sensory data or of the
physical relationships that a subject can maintain with the environment.
These traditions stress another meaning of “experience”, the experience we
have of the common sense world as the place in which we live. According to
these traditions, all the other meanings of “experience” must refer us to this
one. Recent philosophy of science is very close to this line of thought.

The realistic perspective with which the old philosophy of science
interpreted our knowledge has changed considerably. The value that we
attach to science cannot depend on its capacity to grasp or represent reality as
it is in itself, the Single Reality, also with capital letters, that is supposed to be
independent of all our decisions, conceptual schemes, languages, expectations,
goals, etc. Science is not an autonomous entity, independent of its cultural
and social contexte. Science is, mainly, a social institution. The value of
science is a cultural value among others, and very often it clashes with these
other cultural values. Decisions on scientific and technological research and
development affect all of us and the whole of society must therefore be
involved, to a certain extent, in its control and evaluation.

Realism is not considered nowadays as the only hypothesis able to explain
the development and success of science and technology, or, for that matter,
the dynamics of scientific and technological communities or individual people
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either. It is increasingly difficult to understand knowledge as a, more or less
direct, representation of reality as it is in itself. It is even difficult to understand
action as the last resort in order to keep us in touch with this reality as it
is in itself. It is necessary to introduce other elements to understand and
explain how we know and act.

There is no pure appeal to experience that could make it possible to
determine whether or not we succeed in being adequately in touch with
reality. Neither are there any kind of formal (i.e., logical or mathematical)
restrictions which able to select and justify a single model from the various
alternative models, each positing a different structure, that can generate the
same behaviour. To look for some sort of direct confrontation with reality
or for some sort of ultimate formal restrictions is merely to repeat an old-
fashioned epistemological project, one which presupposes that our knowledge
requires some sort of absolute foundation. But no such foundation exists,
either in experience or in the formal realm of mathematics or logic.

IV. LOOKING FOR THE EPISTEMOLOGICAL JUSTIFICATION OF
SYSTEM DYNAMICS MODELS: THE PERSPECTIVE OF PUTNAM’S
“INTERNAL REALISM”

The most important challenge in current philosophy of science is the search
for a third way, between the naive realism, such as that of older philosophies
of science, including here some of the views of Popper, and the relativist
trends of recent philosophy. Naive realism is very well represented in the
context of SD by analyses such as those of Bell and Senge (Bell and Bell,
1980; Bell and Senge, 1980). Relativism is also present in this context, and a
moderate or practical version has been defended, for instance, by Barlas and
Carpenter (Barlas and Carpenter, 1990). However, as we will attempt to show
in this section, a third way is possible in philosophy of science in general and,
in particular, in the epistemological and methodological reflections on SD
modelling. We are referring to the “internal realism” (IR) of Hilary Putnam
(see, mainly, Putnam, 1981, 1983, 1987, 1990). This perspective can be of
great use here to clarify the way in which mental models help to select the
structures that, from the SD point of view, must be assumed as working
in real systems.

From the perspective of IR, sometimes also called by Putnam “pragmatic
realism”, or simply “internalism”, to think that there must exist a unique
adequate description, theory or model for each real system, or for reality
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as a whole, waiting simply to be discovered, is a myth. Putnam maintains
that there is no sense in asking what really exist outside our conceptual
schemes. There is no sense in claiming that our descriptions, theories or
models can display reality to us as it in itself actually is, independent of any
conceptual framework. It makes no sense because that independence would
mean knowing reality, but without doing so through our descriptions, theories
or models. And that is simply impossible.

Previous to the adoption of any particular point of view, an indefinite
pluralism of alternative conceptual schemes may always exist, which we do
not know whether or not they finally converge. The existence of several
conceptual schemes that structure experience in different ways is always a
possibility. Even an ideal epistemic situation of empirical and conceptual
control, including here all the relevant observations and empirical tests, all
the relevant logical and mathematical analyses, and so on, would not be able
to eliminate that pluralism without the intervention of decisions and choices
that are reasonable from some point of view.

In spite of these problems, all of us are more realistic with regard to some
things than to others. This is a fact concerning how we want to know and
act. The success of our predictions and actions may not be all that we intend
to obtain from our relationships with reality. It could not be all because we
would, at least, need to distinguish between real success, in our prediction and
action, and the mere appearance of success. And even at this point, we need
to adopt realistic compromises. A simple operationalist or instrumentalist
view is really untenable.

An adequate conception of realism must be compatible with these two
claims; on the one hand, with the fact that all our knowledge is developed
through our descriptions, theories, models, relevance criteria and interests,
and, on the other hand, with the fact that we often adopt very realistic
commitments with certain objects and properties. Putnam says that any
assertion about real existence is relative to a general framework, to a
conceptual scheme. However, he maintains at the same time that these
conceptual schemes do not lead us to any kind of relativism. It makes
sense only to adopt realistic compromises from within our conceptual
schemes. Nevertheless, from within our conceptual schemes, relying on our
descriptions, theories, models, and so on, decisions about what is real or not
are not a business of mere choice or convention. Although our conceptual
schemes may be diverse, they may have objective truth criteria inside them.
There are no absolute criteria, but this does not mean that there are no criteria.
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This is one of the most important points of “internal realism” that is
of interest for SD. We were faced with a problem of justification of SD
models and their aims of explanation and understanding. Explaining and
understanding the behaviour of a system requires the identification of some
mechanism or structure that, from the standpoint that guides the SD model
building process, may be considered as the one which brings about the
behaviour. When this does not happen, we can reject the simulations of the
systems, and the SD models, as being non-explanatory and as not providing
sufficient understanding of the situation. This is so because forecasting and
control are not the only goals of SD modelling. Beyond forecasting and
control, SD model builders and users want to achieves a deeper knowledge
of the real systems their SD models are describing.

It is true that if we have access to theories concerning the system we
are modelling, it is easier to select the structures that may be considered
responsible for the behaviour in question. In this case, theories guide the SD
model building process, suggesting which ones may really be the relevant
causal elements. In SD modelling, however, precise and established theoretical
knowledge from .which our models are an application is usually absent.
Moreover, we tend to rely most of the time on the help of SD to model
complex socioeconomic systems because we do not have easily applicable
theories here. And in relation to these systems, the problem of being more
or less committed with the structures posited by our models is decisive for
their utility and effectiveness.

The problem being discussed here appears in all kinds of models, although it
is especially important when dealing with models of complex socioeconomic
systems in which our action policies are an essential part. These are, as we
have indicated, the models usually built with the help of SD “language”.
These models should be useful for managing actions in a very special sense.
It would be radically wrong to view these SD models as simply some sort
of “calculator devices” that serve to process and predict with great accuracy
quantities of data and, in this way, make it possible to control the behaviour
of these systems. We stated at the beginning of our paper that SD models
interact very strongly with mental models. They do so in a way which is
very similar to that referred to by Seymour Papert in relation to the learning
of geometry through experimentation with computer-based procedures. In
LOGO, the computer learning system developed by Papert, children discover
the principles of geometry by learning how to instruct the LOGO turtle to
trace different figures on the computer, and this discovery can be extended
to other subjects (on this, see Papert, 1980). These ideas need to be taken
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seriously. SD models are useful for managing actions by interacting with
mental models.

This last remark may place us on the right track with respect to our
problem. If SD models have to interact strongly with mental models, as they
do in order to be useful and effective in decision-making with regard to what
policy actions to adopt, then mental models can also interact with SD models
in order to identify the sort of structures that, from the point of view that
guides the modelling process, must be assumed as being the ones responsible
for the behaviours of the real systems. We have also said that mental models
offer rich and relevant information about the structural elements of certain
special systems, and that, even if mental models on their own cannot obtain
all the dynamic consequences of that structural information, this information
is in many cases highly reliable.

All this entails two important things with respect to SD models, or at
least with respect to SD models that are built without the direct help of
relevant theories, and that are designed to steer our policy actions through the
systems modelled, as is usually the case of SD models concerning complex
socioeconomic systems:

1. SD models must have a realistic character from the point of view of the
mental models of the users of these SD models.

2. The restrictions that can enable the most realistic SD models to be
distinguished might come, in some cases, from the structural information
provided by the mental models of the experts on which the SD models are
based.

In which cases, and why, could mental models identify and distinguish
the most realistic SD models? The answer to this question is crucial. Mental
models can do so when the actions of the subjects that have these mental
models are among the actual causes that produce the structure of the concrete
systems about which the SD models are built. The structures of many systems
are caused intentionally by the beliefs, desires, goals, etc., of agents. These
Systems are an intentional effect of the mental models of the agents involved
in their production. Socioeconomic systems are paradigmatic examples of
this. The structure of such systems mirrors the intended structure that is
present in the mental models of the subjects responsible for their existence,
Certainly, most of the time the dynamics of such systems, their behaviours,
are not the ones which are expected or desired. But, from the point of view
of the agents, their structures, their real structures, are often very clear. The
agents themselves impose these structures on reality creating systems that are
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simply not found in nature (on this point see Senge, 1990, particularly part I
entitled “How our actions create our reality... and how we can change it”).

SD models are not only devices designed to achieve forecasting and control.
If the internal structure of a SD model is completely different from the way
users of the SD model think the real system is structured, the SD mode]
will be of no use in helping to understand and explain the real system, nor
will it be a good guide for managing action. Thus, SD models must possess
some sort of realistic character from the point of view of the users of the
SD models. And the way the most realistic SD models can be selected from
among alternative SD models featuring different structures, even though they
are empirically equivalent with respect to the behaviours involved, is again
through certain mental models, those of the experts in the systems being
modelled. SD models must have a realistic character from the point of view
both of the users of the SD models and of the experts in the real systems
that are modelled. Sometimes, users and experts are one and the same. That
is, the users of a SD model can be those from whom SD modellers have
obtained the relevant structural knowledge. Furthermore, sometimes users,
experts and modellers can be one and the same, In this case, SD operational
knowledge is incorporated into our cognitive skills helping us to make our
own mental models clear and operative. At other times, users, experts and
modellers are different people; this case is more common with regard to
complex socioeconomic Systems that involve actions and decisions of very
different people. Here, the relationships of the users, experts and modellers
are more indirect and intricate, Nevertheless, points 1 and 2, mentioned
above, continue to be very important, in order to assure the usefulness and
epistemological justification of SD models.

It is important to see that being realistic in the sense of IR is not a substitute
for another, difficult but nonetheless possible, stronger kind of realism. If we
accept the historical development of recent philosophy of science as analysed
above, the sense in which IR is realistic may be the only sense in which
one can be realistic at all. )

It is also important to consider that, even if we assume the pluralism of
our conceptual schemes, nothing in IR precludes the convergence of several
descriptions, theories or models. It is true that we cannot know in advance
whether, in general, two or more alternative conceptual schemes converge
Or not prior to our attempts to achieve such a convergence. However, we
can achieve that convergence by elaborating other descriptions, theories and
models. Incommensurability is only a question of fact. Relativism usually
understands the phenomenon of incommensm'ability as an insurmountable
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problem. That is very often shared by extreme relativism and also by moderate
forms of relativism. But, it must be made clear that IR is not a variety of
relativism.

What Putnam’s IR does is to discard the so-called “God’s eye” point of
view in science and philosophy. The “God’s eye” point of view would offer
total, objective, perfect and definitive knowledge. That is the point of view
that Putnam calls “metaphysical realism” (MR), or “externalism”. From the
point of view of MR, reality has a (in Putnam’s words) ready-made and fixed
structure that our descriptions, theories and models ought to grasp. Moreover
only one true description, theory or model for the whole of reality, and for
each of its parts exists. Truth consists of some sort of correspondence relation
between the structure of reality and the structure posited by our descriptions,
theories and models.

MR was the epistemology of almost all the philosophies of science of the
first half of this century. However, there are many things which it never
manages to explain. The correspondence relationship between reality and
our concepts remains a total mystery. MR is also unable to make sense of
the existence of structurally different but empirically equivalent descriptions,
theories and models. In addition, the ready-made structure that MR supposes
in the world contradicts the intuition that perhaps the dividing line between
the objective and the subjective is not as clear-cut as was sometimes imagined.

But, MR is not only the epistemology of philosophies of science such as
those of logical positivism, falsationism and so on. According to Putnam, part
of this MR also belongs to the image of reality that impregnates both absolute
and moderate relativism. Relativism of both kinds views reality as something
with a ready-made and fixed structure which falls outside the scope of our
best attempts to obtain knowledge of it. Relativism also demands the “God’s
eye” point of view. Relativism is only a pessimistic MR.

Permit to go back for a moment to the problem of the existence of a world
with a ready-made and fixed structure. This is the main point that stands
behind all the other claims of MR. But, what does it mean? Let us think,
for instance, of all our institutions or all our socioeconomic systems, all
the systems that are the result of human conceptions, decisions and actions.
What are their structures? Are they ready-made and fixed, independent of our
conceptions, decisions and actions? Surely not. We impose on reality certain
structures which give rise to those systems. And these same structures and
their dynamic properties are precisely what we aim to know better, to explain
and understand, through our descriptions, theories and models.
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At this point there is a strong temptation to say that IR might give a good
perspective in relation to artificial systems of the type as those mentioned
just above, but not in relation to natural systems such as those studied in
physics. It would suffice us to adopt IR only in relation to the first kind of
systerus. In the end, the analysis of that special type of systems is one of
the main concerns of SD. However, for Putnam that would a typical MR
temptation. If there is no approach to reality, even no observation, that is not
loaded with our conceptual schemes, if there is no access to reality, which is
independent of our conceptions, decisions and actions, then what we always
achieve and all that we can achieve is a combination of something natural and
something artificial, that is, a combination or mixture in which it is impossible
to separate the component elements completely. As Putnam says in one of
his last books (Putnam, 1987), “The Trail of the Human Serpent is Over All”.

This combination of the natural and the artificial that we find in all reality
makes it impossible to distinguish between the world of science and the
common-sense world. These two worlds overlap in many ways. And this is
the reason for the collapse of all kinds of reductionist claims. In particular,
there is no sense in thinking that it would be possible, even in principle, to
reduce every significant statement to the language of physics. Physics can
no longer be the only privileged sort of knowledge that tells us how reality
itself is. (With respect to the problems of the distinction between the natural
and the artificial, and the primacy of the artificial in all our relationships with
reality, see the classic and interesting work of Simon, 1973).

The implications of these ideas to the important issue of causality are clear.
The search of strict causal relations, deterministic causal relations with the
greatest scope and with no relevant restrictions regarding ideal conditions,
“ceteris paribus” clauses, and so on, is no longer viewed as the main goal of
scientific acitivity. Aside from basic physics, it is very difficult to find strict
causal laws. Even within physics, probabilistic considerations and conflicts
between our more basic physical theories can undermine the causal sense of
many laws. On most occasions, it is more appropriate to speak of relations
of partial causal dependence between different magnitudes, and always in the
context of a particular explanation, rather than to speak of strict causality.

Every explanation is an answer to a why-question, and a lot of explanations
are really causal explanations. Questions like “Why is this move in chess
wrong?” do not call for a causal explanation, but a question such as “Why is
the inflation rate now rising so fast?” does. In causal explanations we look
for sufficient factual conditions to explain why something happens. However,
not every causal explanation needs to be expressed in the causal terms of
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physics. Neither does every causal explanation have to be reducible to some
set of strict, general and deterministic physical causal explanations. In order to
preserve the ontological unity of the world, it seems enough to imagine that,
underlying our causal explanations, there may be physical causal relations
of one kind or another. Reducibility to a physicalist language (or to a pure
language of sensory data in other versions of logical positivism) is now being
substituted by simple compatibility with a supposed particular application of
physical knowledge, or even with some supposed particular application of
an admissible extension of it. Often it proves impossible to go further and
discover the underlying physical basis, or we are simply not interested in it.

The possibility of furnishing useful causal explanations through SD models
would be one such case. SD models offer causal explanations. In fact,
each SD model is a powerful source of causal explanations. SD models
have such great explanatory power because they enable us to answer many
why-questions about the sufficient factual conditions which cause what is
being simulated. SD models provide the perfect illustration that we can
acquire not only forecasting and control capacity, but also genuine causal
explanations and deep understanding without having strict physical causal
explanations.

These last points are really very important in relation to all modelling
techniques inside the field of systems research that, like SD, want to make
us of sound causal explanations without depending on their reductibility to
other, assumed as more fundamental, causal explanations. Even if reduction
is a way to obtain causal explanations outside physics, it is not the only way.
Especially with respect to complex socioeconomic systems whose structure
is in a very relevant sense the result of human conceptions, decisions and
actions, we could achieve sound causal explanation, and all the benefits of
a causal modelling, without being involved in the need to offer reductions.
(About this, see the interesting analysis of causality and causal modelling in
economy developed by Paulré, 1985.)

V. CONCLUDING REMARKS

We have seen that in IR there is no point in asking what really exists beyond
our conceptual schemes, and that there are no privileged structures in reality
waiting to be discovered by us independent of our epistemic contribution.
From this point of view, we can say that SD is a clear example of how some
epistemic elements, the mental models of the experts involved in real systems
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and the mental models of the users of SD models, can select the structures
that must be assumed as working in the real systems.

SD operational knowledge offers a survey of archetypes of generic
structures (feedback loops and so on) and ways to obtain dynamic behaviours
from these structures. These archetypes or generic structures give a survey
of basic structures that very often appear in different problems and that have
been more or less typified by SD practitioners and theorists (on this, and in
regard to the similarities between SD and so-called “institutional economics”,
see Radzicki, 1990; see also Senge, 1990, especially appendix 2 entitled
“Systems archetypes”). In short, SD could be considered as a sophisticated
conceptual scheme and, in a wide sense, as a “language”. With the help
of this “language”, we see and describe reality. This “language” guides our
perception of the problems and help to organize our actions, rewriting our
mental models. SD offers a new way to organize experience, new tools to
know and to act. However, mental models are necessary in order to anchor in
reality the archetypes or generic structures that are the basic representational
elements of SD “language”. Mental models provide realistic content to the
structures posited by SD models.

The mental models of experts impose these structures on reality and are
part of the structuring cause of the systems in which the experts are involved.
Moreover, these same mental models interact with SD models in the search for
forecasting, control, and some sort of deeper explanation and understanding
of the dynamic properties of the real systems. This way, the mental models of
the experts become the mental models of the users of SD models (as we have
said, sometimes they are one and the same, but not always). The selection
of the SD models with the most realistic representational content made
by experts and users has a crucial justification in relation to the structural
dependence and sensibility that some real systems have on the human actions
developed within them.

SD models are typically constructed upon the intuitive and presystematic
knowledge of people who are particularly related to the systems being
modelled. SD models may be explanatory and allow us to know these systems
better, not just to forecast and control them. However, this explanation and
this increase in knowledge are always internal to the conceptual frameworks,
to the mental models, of real and concrete subjects. From the externalist
philosophies of science (with “God’s eye”) such as those of logical positivism,
Popperian falsationism, and so on, these explanations and understanding are
neither completely explanatory nor do they amount to genuine knowledge.
From Putnam’s internalist view, however, they may be. The reason is that
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all knowledge and every explanation must be internal to some conceptual
scheme. The explanation and understanding provided by SD models may be
adequate from within the conceptual scheme of SD itself.

With respect to complex socioeconomic systems, these conceptual schemes
involve part of the ordinary common-sense framework, the ordinary common
sense applied to the actions undertaken in a socioeconomic environment.
Putnam thinks that the common-sense world and the world of science cannot
be separated. In the case in which the most important things that need to
be known are actions undertaken, possible decisions, etc., as is the case of
complex socioeconomic systems modelled through SD, this thesis is revealing.
There should be no other way of access to the structure of those systems
other than the intuitive representations held by the subjects involved in them.
This is because, in the end, their decision and actions, guided by their mental
models, perhaps in interaction with SD models, are among the causes of that
structure (see, again, Senge, 1990, part I).

The questions of pluralism and convergence, as analyzed by Putnam, are
. also very important for us. Sometimes several SD models may be in an
extreme position of incommensurability. That is, they may be empirically
equivalents and have the same realistic plausibility from the point of view
of mental models. Certainly, pluralism is not unusual in SD. However,
this pluralism must be considered only as a matter of fact, and not as
something necessary. Convergence of different SD models can be achieved
in SD modelling thanks to the strong interactive character of mental models.
It could even be achieved through reasonable decisions and choices. SD
modelling is a continuous process of revision and adjustment. However, it is
one thing that convergence be achieved in this way and another very different
thing that we do actually achieve it. Convergence is also a matter of fact
that cannot be known in advance.

From the epistemological perspective of IR we could avoid the classical
concerns about the ideal aim, pluralistic or convergent, of our knowledge
in general and, more particularly, the pluralistic or convergent character of
system modelling through techniques like SD. And we could also avoid
the classical concerns about aspects such as the reduction of the causal
relations presupposed in our SD models to others, assumed as being more
basic, causal relations. This last point is very promising in relation to the
methodological debates among (mainly neoclassical) economists and SD
practitioners and theorists. If the epistemological perspective of IR is adequate,
no kind of fundamental micro-economic theory would be needed to explain
and give justification to the macro-causal relations posited in SD models
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of socioeconomic systems (on this particular point, see Radzicki, 1990).
Reduction can be a kind of causal explanation, but it cannot be the only
kind of sound causal explanation outside physics. Outside physics there may
be non-reductive but at the same time very sound causal explanations. And
reduction, like pluralism and convergence, is only a matter of fact,

Finally, we find in Putnam’s IR the rejection of both MR and relativism,
IR is in fact a third way between the naive realism linked to the old
positivist philosophies of science, such as those held by logical positivism, by
falsationism, etc., and the relativism linked to the crisis of such philosophies.
The possibility of some kind of moderate relativism that does not entail
absolute relativism remains an open question. But, in any case, if this moderate
relativism, in the context of SD, only says that usefulness and success with
respect to our interests and purposes must be important properties of valid
SD models, it would fail to provide a satisfactory and full account of SD
modelling. Moderate relativism is unable to make sense of the search for
genuine explanations and understanding through our SD models.
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