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This paper explores the criticism that system dynamics is a ‘hard” or ‘deterministic’
systems approach. This criticism is seen to have four interpretations and each is
addressed from the perspectives of social theory and systems science. Firstly, system
dynamics is shown to offer not prophecies but Popperian predictions. Secondly, it is
shown to involve the view that system structure only partially, not fully, determines
human behaviour. Thirdly, the field’s assumptions are shown not to constitute a grand
content theory — though its structural theory and its attachment to the notion of
causality in social systems are acknowledged. Finally, system dynamics is shown to be
significantly different from systems engineering. The paper concludes that such
confusions have arisen partially because of limited communication at the theoretical
level from within the system dynamics community but also because of imperfect
command of the available literature on the part of external commentators. Improved
communication on theoretical issues is encouraged, though it is observed that system
dynamics will continue to justify its assumptions primarily from the point of view of
practical problem solving. The answer to the question in the paper’s title is therefore:
on balance, no. Copyright © 2000 John Wiley & Sons, Ltd.

Keywords systems theory; systems thinking; information feedback; systems engineering; social
theory; philosophy

INTRODUCTION

In this section the motivation and form of the
paper are introduced. First, the main ideas of
system dynamics are presented (readers familiar
with the approach may wish to skip this
subsection). The range of accusations that system
dynamics is a ‘hard’ or ‘deterministic’ systems
* Correspondence to: David C. Lane, Operational Research Depart-

ment, London School of Economics and Political Science, University of
London, Houghton Street, London WC2A 2AE, UK.

approach is then introduced. This provides the
motivation for the remainder of the paper, the
main sections of which are then outlined.

The Nature of System Dynamics

System dynamics is a system approach based on
servo-mechanism theory (Richardson, 1991). It
was created by Jay W. Forrester at MIT in the late
1950s and involves the modelling of social
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systems using computer simulation, with prac-
titioners working closely with problem owners to
structure debate about long-term policy. The
history of the field is discussed elsewhere
(Forrester, 1990; Lane, 1998) and its main ideas
may be found in a range of publications
(Forrester, 1958, 1961, 1968b, 1975; Randers,
1980a; Richardson and Pugh, 1981). In the
account that follows, the field is presented in
terms of three aspects: the ideas behind the
practical modelling approach; the theoretical
assumptions of the field; and finally its institu-
tional features, its contribution to systems think-
ing and its literature.

As a modelling approach, system dynamics
has three characteristics. First is the concept of
information feedback loops. These involve the
collection of information about the state of the
system, followed by some influencing action
which changes the state of the system. These
closed loops of causal links involve delays and
non-linearities as well as processes of accumu-
lation and draining. The second characteristic is
computer simulation. Although humans can
conceptualize such loops, they lack the cognitive
capability to deduce the consequent dynamic
behaviour without assistance (Sterman, 1989,
1994). Computer simulation is therefore used
rigorously to deduce the behavioural conse-
quences over time of the hypothesized causal
network. The shifting interplay of loops means
that different parts of a system become dominant
at different times. Such behaviour is counter-
intuitive, and may be explored using simulation
models. The third and last characteristic of
system dynamics is the need to engage with
mental models. The most important information
about social situations is only held as ‘mental
models’, not written down. These mental models
are complex and subtle, involving hard, quantita-
tive information and more subjective, or judg-
mental aspects of a given situation (Doyle and
Ford, 1998; Lane, 1999a). Such models are the
basis for organizational decision making. Hence,
eliciting, debating and facilitating change in the
mental models of decision makers can result in
improved ways of managing a system. Modelling
work must therefore be done in close proximity
to problem owners, who are then able to see that

Copyright © 2000 John Wiley & Sons, Ltd.

their mental models are reflected in a computer
model.

This means by which these ideas are imple-
mented are shown in Figure 1. A situation is
conceptualized in terms of loops and decision
points. A system dynamics study is focused
around a ‘dynamic hypothesis” — the idea that a
certain causal structure explains a certain
dynamic behaviour. Model building tests this
hypothesis using rigorous formulation and by
synthesising objective and judgmental data
(Randers, 1980b). Such a model is a theory for
the structural source of the dynamic behaviour.
When problem owners have confidence in a
suitably validated model (Forrester and Senge,
1980), it can be used to test the dynamic
hypothesis. It is by policy analysis and repeated
experimentation with such models that organiz-
ational actors can learn together to create shared
mental models. Subsequent policy making is
therefore informed by an improved intuitive
understanding of both the dynamic possibilities
of the system and of the policy levers that might
be used to steer it, and also to continue to learn
about its operation.

The theoretical assumptions of the field are
more difficult to establish. Although a few
publications have addressed this subject
(Meadows, 1980; Barlas and Carpenter, 1990;
Lane, 1994; Vennix, 1996), the field has tended to
take its theoretical assumptions rather for
granted. This concentration on trying to under-
stand real-world phenomena perhaps reflects the
field’s solidly practical engineering roots (Ri-
chardson, 1991). A recent attempt to unearth the
social theoretic foundation of system dynamics
therefore had to rely primarily on inference from
practice (Lane, 1999b). Various conclusions were
proposed in that paper. On a superficial level,
system dynamics appears to be locatable within
the functional sociology paradigm of social
theories, its ideas seeming to be a version of
social systems theory (Burrell and Morgan, 1979).
However, the craft of system dynamics, and
hence its theory in use, has many links with more
interactionist schools of thought and even some
connections with interpretivism (see Lane and
Oliva, 1998). This uncertainty leads to one
possible conclusion that the theoretical position
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of system dynamics cannot be conveyed with
reference to more traditional social theoretic
assumptions but may best be seen in the light
of those theories which seek to integrate the
agency and structure views of the social realm
(a suggestion explored elsewhere (Lane, 1999a,
1999¢)).

Institutionally, system dynamics has created an
International Society,” an annual conference and
various national Chapters. There is a dedicated
refereed journal, System Dynamics Review. The
field has produced numerous publications in
book and article form which record its achieve-
ments in theory building. Comprehensive lists
may be found elsewhere,” so for the purposes of
this paper it is only necessary to mention a
sample. System dynamics has been applied to: the
growth and stagnation of cities (Forrester, 1969),
global development (Forester, 1971b; Meadows
et al., 1972, Meadows et al., 1992), software
development (Abdel-Hamid and Madnick,
1990), emerging economies (Saeed, 1991), health
care policy (Lane et al., 1999), organisational
learning (Senge, 1990) and the implementation
of TQM initiatives (Sterman et al., 1997). A very
useful collection of theoretical and practical
articles is available in Richardson (1996).

On the ‘Hard’ or ‘Deterministic’ Criticisms of
System Dynamics

Amongst the systems scientists who have offered
comments on it (and the few social scientists who
have come across it), system dynamics is fre-
quently judged to be a ‘hard’ systems approach.
This does not mean ‘difficult’. Rather, it likens
the approach to systems engineering and to
social systems theories which conceptualize the
social world as operating like a machine — both
of which views modern systems science has felt a
need to escape from. In fact, in the struggle to
find criticisms to hurl, a barrage of terms has
been employed. In addition to ‘hard” (Keys, 1988;
Dash, 1994), system dynamics has also been
?Email: SDSociety@aol.com, or sds@cnsvax.albany.edu, or System.-
Dynamics@albany.edu.

PSee Lane and Jackson (1995) and Lane (1998) for annotated lists of
publications. Information (and critical comment) on the recent

republication of important early system dynamics texts may be
found in Lane (1997a, 1997¢c, 1997d).
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labelled as ‘simple’ and ‘unitary’ (Jackson and
Keys, 1984), ‘machine’-like (Flood and Jackson,
1991) and ‘deterministic’ (Jackson, 1991, 1994).
Many of these terms overlap. For example,
having asserted that system dynamics takes a
deterministic view of human behaviour, Jackson
(1991) proceeds to offer this as the reason why
‘Forrester’s modelling techniques have tended to
be used in conjunction with essentially hard
systems methodologies” (Jackson, 1991, p.93).

These criticisms can be interpreted in at least
four different ways (see below). For the purpose
of this paper the term ‘hard/deterministic’ will
therefore be used to describe this bundle of
criticisms.

Why are these criticisms important? As already
mentioned, they make a highly unwelcome
linkage back to systems approaches now dis-
credited as examples of ‘hyper-rationalism” (Ro-
senhead, 1989; Lane, 1994). They have also led to
the conclusion that the field is ‘caught in an
appalling paradox” (Jackson, 1993, p.22). Further
examples are given in the following sections.

This is strong stuff. Such criticism would be an
important verdict for any research program.
What is rather more galling is that at least two
of these criticisms are, as demonstrated below,
false. Yet these criticisms are widely known
within the general systems science movement.
For members of that movement, the above
citations are possibly the most important
information sources on system dynamics (not-
withstanding the fact that all originate from
researchers outside the system dynamics field).
The systems science movement is diffusing into
the social sciences via information systems,
planning theory, operational research, manage-
ment etc. This is creditable but it is happening
with other systems approaches, system dynamics
seeming to have fallen into disrepute in the eyes
of some, partially because of its imputed hard/
deterministic nature. For system dynamics to fail
to prosper because of genuine weaknesses and
inconsistencies is one thing. For such failure to
occur because of incorrect readings of the field’s
core ideas is an entirely different matter.

To begin to counter this situation the follow-
ing sections deal with the various ‘hard/
deterministic” criticisms that are made of system

Syst. Res. 17, 3-22 (2000)
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dynamics. These can be interpreted in four
different — though not entirely distinct —
ways. These are outlined below and illustrated
in Figure 2:

e The first accuses system dynamics of philoso-
phical naiveté in assuming that future events
can be prophesied.

e The second accuses system dynamics of
dehumanizing extremism in assuming com-
plete structural control of the decisions of
human agents.

e The third accuses system dynamics of social
scientific crudity in assuming that there are
cause and effect laws which exist outside of
human subjectivity in a form of timeless
‘grand theory’.

e The fourth and last accuses system dynamics
of being operationally austere and coercive in
that it is essentially a ‘systems engineering’
approach.

For ease of exposition this paper is structured
around these four interpretations of the term,
although it is acknowledged that the ideas are
related and somewhat overlapping. In each case
the criticism is described in more detail and a
response is then offered. By the close of this
paper it will have been argued that a majority of
the criticisms are unfounded, while the terms of
debate regarding the remaining criticisms have
been clarified constructively.

PROPHECY CREATION?

The first interpretation of ‘hard/deterministic’ is
that it indicates the philosophical position that
‘all things, including will, have causes’ (Beishon
and Peters, 1981, p. 323). In this view a clockwork
universe rolls forward in time in an utterly
mechanical way, with all phenomena — events,
thoughts and actions — as mere inevitable con-
sequences, rationally predictable in principle.
One can then obtain a ‘prophecy’, a ‘prediction
about an event which we can do nothing to
prevent’ (Popper, 1957, p. 43). What is then called
for is not a proactive response but a stoical
acceptance of the inevitable since the recipient of

Copyright © 2000 John Wiley & Sons, Ltd.

such a prophecy can only ‘meet it prepared’
(Popper, 1957, p.43).

This deterministic position has a long history,
described in Popper’s exegesis of the seductive
appeal of this idea (Popper, 1945a, 1945b). It has
been adopted by Spinoza, Hume, Kant (reluc-
tantly) and Mill (Popper, 1982). Deemed ‘so far
the purest, the most developed and the most
dangerous form’ (Popper, 1945b, p.81), it is
Marxist economic determinism — or ‘histori-
cism’ — that is the main object of Popper’s attack
(Popper, 1957) and it is consequently dispara-
gingly referred to today as ‘vulgar Marxism’.
However, determinism manifests itself in various
forms: technological, biological, metaphysical,
religious and scientific; the last being associated
with Laplace (Popper, 1982).

System dynamics has been criticized for deter-
minism as prophecy, for being appropriate only
for systems ‘we usually cannot do very much
about; the solar system, for example’ (Jackson,
1994, pp.219-220). Describing the field else-
where, Jackson writes, ‘[the] deterministic
perspective in hard systems thinking ... take[s]
the future to be determined by factors outside the
control of organizational actors. It is the job of the
systems consultant to predict the inevitable future
and help managers prepare for it. Thus the
opportunity to mobilize people to design their
own future is missed’ (Jackson, 1991, p. 80). There
is some terminological ambiguity here but the
sense is clear — and utterly incorrect as it relates
to system dynamics.

The notion of prophecy is sharply distinct from
that of ‘technological/scientific prediction’
(Popper, 1945a, 1945b, 1957). Based on if/then
arguments, predictions are both conditional and
‘constructive, intimating the steps open to us if we
want to achieve certain results’ (Popper, 1957,
p-43). As with the rest of operational research and
systems science, system dynamics helps people to
think about the logical consequences of certain
assumptions. Model inputs are not prophecies but

“Laplace has been backhandedly ‘credited” with converting the
doctrine of determinism from a ‘truth’ of religion to a ‘truth’ of
science (Popper, 1982). However, the subtle injustice of this attribution
is widely observed (for example, Sokal and Bricmont, 1998). Writing
in 1825, Laplace was using the impossibility of ever knowing enough
laws and antecedent conditions as an argument for the practical
rejection of determinism in favour of probabilistic approaches.

Syst. Res. 17, 3-22 (2000)
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predictions and they are conditional on the assum-
ptions. The point of an intervention is to aid in the
creation of new assumptions, that is, guiding
policies. This position is clear from the earliest
writings of the field (Forrester, 1961) and even
Forrester’'s most extreme remarks admit to the
limits of models and therefore indicate the
rejection of a deterministic aspiration (Forrester,
1980).

All-out determinism as prophecy is seldom
advanced seriously today, having been compre-
hensively trounced as a philosophical position by
Popper. Its most frequent use is as a ‘straw man’
against which an improved method of prediction
and choice of preparation may be advanta-
geously contrasted (see Churchman, 1970, and
Ackoff, 1981, for examples). This may be the
purpose of Jackson’s above remarks but the result
is a dangerous accusation of philosophical naiveté
on the part of system dynamics. The interpret-
ation of determinism discussed here is ‘based
upon a worldview which does not exist any
more’ (von Bertalanffy, 1962, p.75). To be clear:
this position has never been adopted by Forrester
or any other system dynamicist. As an extreme
illustration, consider the work on global model-
ling (Forrester, 1971b; Meadows et al., 1972, 1992).
Putting aside the multiple scenarios that are pre-
sented, if the more worrying simulations in these
books are indeed determined futures then system
dynamicists are truly cast in the role of Cassan-
dra; all that is being offered is the prophecy of
certain disaster, the council of despair. This is not
and has never been the task of the global model-
ling work, or any other form of system dynamics
practice. The position of the field actually fits
very well with Popper’s conclusions on this
subject: ‘our universe is partly causal, partly
probabilistic, and partly open [ = shapeable by
human will]" (Popper, 1982, p.130).

HUMAN AGENCY SUBJECT TO COMPLETE
STRUCTURAL CONTROL?

A second interpretation of the ‘hard/
deterministic” criticism concerns the stand taken
by the field on the relationship between humans
and their environment. System dynamics is said

Copyright © 2000 John Wiley & Sons, Ltd.

to take the view that people respond in a
mechanistic way to social structure. In other
words, system structure completely controls the
decisions of human agents. This view relegates
humans to mere cogs in a machine, passive
respondents who have no autonomy. Although it
may appear an extremely dehumanizing stance it
nevertheless underlies the ‘behaviourist’ work of
B. F. Skinner (see Burrell and Morgan, 1979, for
an introductory discussion of the deterministic
versus voluntaristic views of human nature, as
represented in sociological theory).

This position is best viewed as an extreme
point on a scale which might be labelled ‘extent
of human autonomy’. Determinism (in this
sense) is then the zero point of the scale. At the
other end would be the complete free-will view
that “individual decision making is unaffected by
context and consequences of the system in which
it takes place’ (Bowen, 1994, p. 88).

Jackson believes that system dynamics takes a
hard systems perspective which “puts the system
before people and their perceptions [and]
extends to the ability of humans to intervene in
their own destiny’ (Jackson, 1991, p.80). He also
remarks that ‘there is an apparent contradiction
between deterministic ideas of systems governed
in particular ways and voluntaristic ideas of our
ability to do something about systems’ (Jackson,
1994, p.220). Again, there is some uncertainty
about the exact meaning of these passages but at
least part of the criticisms is that system
dynamics is hard/deterministic in this sense of
removing autonomy from humans and looking
entirely to the social system for behavioural
explanations.

Probing Forrester’'s Views

Does system dynamics adopt this deterministic
stance? Forrester writes that ‘decisions are not
entirely “free will” but are strongly conditioned
by the environment’ (Forrester, 1961, p. 17) and he
refers to ‘man as a captive of his systems’
(Forrester, 1980). A reasonable conclusion is that
Forrester is simply offering a version of Skinner’s
behaviourism. However, a careful look at the
literature shows that Forrester’s views are not as
deterministic as they might appear. With some

Syst. Res. 17, 3-22 (2000)
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patient delving a more subtle argument appears.
In discussing the policies represented in a system
dynamics model he says that ‘people’s reactions
are a consequence of the changes of the system
within which they are embedded ... relegating ...
people to being cogs in a social machine is
distasteful to many. Critics of [system dynamics]
models lament this lack of recognition of free will,
even though the mechanistic nature of a model is
mitigated somewhat when randomness is intro-
duced into decision streams’ (Forrester, 1961,
p-16-17). Crucially, he then offers an extended
quotation which supports the notion that the
environment that controls human decision mak-
ing is itself made by human decisions. The
counter-argument is therefore twofold: that
human decisions are only partly determined by
system structure and that since the purpose of
modelling is to make such influences explicit, the
system may be recrafted advantageously.

A Clarification from Bowen

These issues have been addressed with care and
subtlety by Bowen (1994) and so only a brief
account of the position need be given here.
Bowen rejects the notion that system dynamics is
either deterministic or founded on ‘the illusion of
the autonomous individual’ (Bowen, 1994, p. 88,
echoing Skinner). Instead, the literature indicates
that system structure is assumed to ‘generally
govern outcomes of action and to provide
powerful incentives to behave in a certain
manner ... [so that] individuals still retain the
autonomy to decide to act as they so choose’
(Bowen, 1994,p.89). In Bowen’s view, system
dynamics therefore adopts a partial view of the
structural control of human agency, a mid-point
on the scale of human autonomy. Bowen argues
that it is distinct from the ideas of Skinner
because, although demonstrating experimentally
that individual decisions are strongly affected by
system structure, by using system dynamics
‘individuals can design and affect the redesign
of the social and managerial systems that impose
on them ... [therefore] individuals . .. retain — at
least in part — the ability to make autonomous
decisions that can play a role in determining their
own fates” (Bowen, 1994, pp. 87-88).

Copyright © 2000 John Wiley & Sons, Ltd.

Bowen (1994) observes that this partial view of
human autonomy is consistent with current
mainstream thinking in psychology and organ-
izational behaviour. Indeed, the view that he
offers is quite a traditional one: ‘Sociology ...
needs to embrace free will no more than deter-
minism’ (Durkheim, 1895, p.141). System
dynamics could be seen to sit well with this
tradition. But there is an alternative.

Reframing the Question

Bowen’s careful analysis is useful. However, his
placement of system dynamics at a blurred mid-
point of the ‘extent of human autonomy’ scale
might be read as a somewhat unsatisfactory con-
clusion. The situation can be clarified by refram-
ing the question. This is done by Bloomfield
(1982). He first confirms the non-determinism of
system dynamics by stating that the field does
not conceptualize the ‘idea of self’ as a passive,
undifferentiated element in a structured environ-
ment’. He then goes on to describe how system
dynamics assumes that ‘men have a degree of
autonomy, they are active agents. Men have
created the socio-economic system, they are not
the victims of forces from without; but rather
they are the victims of their own policies’
(Bloomfield, 1982, p.9).

This account indicates that neither the deter-
ministic nor the free-will extremes express the
position of system dynamics. There is something
like a feedback process at work that links changes
in the system structure to the factors influencing
the decisions of human agent. Perhaps some
different way is needed if the stance of the field is
to be expressed? Such a way may be found in
contemporary social theory. For example; ‘human
agency is bounded. Human beings produce
society, but they do so as historically located
actors, and not under conditions of their own
choosing’ (Giddens, 1976, pp.168-169). It is for
this reason that the question explored in this
section has been reframed to suggest that system
dynamics fits well with social theories which
integrate agency and structure by giving an
account of the processes which mutually shape
them both (Lane, 1999a, 1999c¢).

Syst. Res. 17, 3-22 (2000)
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Position Clarified

Whichever of the two conclusions described
above is seen to be correct, it is clear that system
dynamics is not deterministic in the ‘extent of
human autonomy’ sense described in this
section. The fact that the field has been seen as
taking a more extreme view certainly has some-
thing to do with the rhetorical tone of some of
the literature and the lack of a clearer theoretic
statement. On this point it could therefore be
argued that some of the confusion is of the field’s
own making (M. G. Bowen, personal communi-
cation, 1994). However, such confusion still has
more to do with the limited knowledge of some
commentators than with the actual assumptions
of the field.

TIMELESS GRAND THEORY?

The word ‘determinism’ is also used to describe
the position that cause and effect are related by
laws which exist outside of human subjectivity
and which together form a timeless grand theory
(Morrow and Brown, 1994). Relevant in this
context is the ‘principle of determinism’, that
‘The same causes will always produce the same
effect’ (Maxwell, 1876) and that this is so because
the laws underlying the principle describe the
operation of invariant relations. This therefore
constitutes the third version of the ‘hard/
deterministic” criticism.

The pursuit of grand theory via causal laws is
based on the Humean tradition that science
implies explanation and that explanation involves
relating phenomena to be explained to other
phenomena via such causal laws (Frankfort-
Nachmias and Nachmias, 1992). The value of
the approach is that a set of antecedent conditions
may be combined with relevant laws to make a
prediction about an event (Franfort-Nachmias
and Nachmias, 1992). Even in natural science
the logical status of grand theory is not a closed
issue, since the exact formulation of causal laws is
complex and the philosophical weaknesses in the
different formulations of causality would apply to
any field seeking to employ the concept (Ryan,

Copyright © 2000 John Wiley & Sons, Ltd.

1970). However, a point made very clearly by
Popper is that determinism via the principle of
causality is quite different from determinism as
prophecy, the former being alive and healthy as a
central concept in natural science (Popper, 1982).

This third form of the hard/deterministic
criticism is therefore that system dynamics posits
a timeless grand theory about the existence of
objective causal laws in social systems. It has
been asserted that an assumption of the field is
that ‘well-defined laws govern behaviour’ (Flood
and Jackson, 1991, p.33) and that ‘Forrester talks
about fundamental laws of nature and the social
sciences’ (Bloomfield, 1982, p.13).

System dynamics has a range of ‘theories’
which appear hard/deterministic in this sense.
For example, models are said to be causal theories
and Forrester writes of a ‘general systems theory’
(Forrester, 1968a, p. 135) and lays out Principles of
Systems (Forrester, 1968b). There is also the
grandiose claim that underlying models are ‘a
set of principles ... incomplete as they may be,
that I believe do represent the actual nature of
physical and social reality’ (Forrester, 1994,
p-250). Like Ashby’s ‘law of requisite variety’
(Ashby, 1956) and Beer’s laws on the viability of
systems (Beer, 1979, 1981), it would indeed
appear that the theories of system dynamics
propose universal laws.® This issue is both
complex and profound. Considering the deep
philosophical issues that it raises it would be
perilous to aim to answer it definitively here.
Instead, the following is an attempt to begin the
process of clarifying the claims that system
dynamics makes in the context of social theoretic
disputes over these issues and hence to advance
the debate on the nature and plausibility of those
claims. The discussion deals with two issues: the
range of theories that are proposed and the
treatment of causality.

The Nature of the ‘Theories’ in Use

One view on grand theory is that ‘laws in natural
and social science are logically identical’ (Gid-

4See, for example, the respective statements and critiques of causality
defined as: Humean, deductive-monological, essentialist, manipul-
ability, counterfactual and probabilistic in Lincoln and Guba (1985,
pp.- 133-140).

©The author is grateful to Robert Flood for this comparison.
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dens, 1982, p.15) and, as a result, positivists in
social science ‘attempt to frame their causal
explanations in terms of universal statements
... universal propositions” (Denzin, 1978, p. 130).
This thinking underlies traditional structural
functionalism and social systems theory, these
approaches ‘hav[ing] been motivated by the
belief that there is a single theory or at least a
set of conceptual categories that could be used ...
to analyze all societies throughout history’
(Ritzer, 1996, p.257). Arising from the work of
Spencer and Parsons, this approach was domi-
nant in 1950s and 1960s sociology — the time
when system dynamics was being crafted. There
have since emerged major criticisms of this
approach, including attacks on its innate con-
servatism and its crude understanding of the
contribution of human agency (see Craib, 1992;
Ritzer, 1996). However, the disfavour and decline
of the approach are also partially due to the
wholesale rejection of grand theory (Mills, 1959).
Today, ‘Many critics regard ... grand theory as
an illusion, believing that the best sociology can
hope for is more historically specific, “middle
range” ... theories’ (Ritzer, 1996, p.258).
System dynamics offers ‘theories’” at four
different levels. At the highest level is the claim
that the time evolutionary behaviour of social
systems is explainable in terms of feedback loops
and state variables. This very crude statement
would need to be elaborated to establish the
plausibility of the claim but what is important is
the nature of this claim." This is not a grand
content theory. There are no specific variables or
conceptual categories. For example, it is not
suggested that ‘socialization’ and ‘class stratifica-
tion” are meaningful concepts which are necess-

f A more elaborate statement of the claims of system dynamics would
be: ‘Social systems frequently behave in ways which are counter to the
intuition of actors implementing policies aimed at influencing their
behaviour. Because actors who are part of social systems collect
information about their environment and, in light of that information,
take action to influence aspects of the state of the system, the aggregate
behaviour over time of such systems can usefully be explained using
the concepts of feedback loops and stocks. The feedback loops are a
plausible representation of the collect/influence/collect cycle of
activities and the stocks are a plausible representation of the system
state variables. Models based on these concepts offer a representation
of causal links between variables and so allow the rigorous deduction
of the consequences of those links. Such models are therefore theories
of the structural source of particular aggregate behaviours and can be
used to make deductions about the mode of behaviour that will flow
from implementing a given influencing policy.”
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ary to explain the evolution of all societies (pace
Parsons). In contrast, this grand claim of system
dynamics is a structural theory — it makes a
grand methodological claim about how certain
types of phenomena might be explained.

Moving down to the next theory, we find the
principle of how the concepts of feedback loop
and state variables should be used to construct
models (Forrester, 1968b). This is not a grand
theory. This is a representation theory, or scheme,
proposing a way of implementing the above
grand methodological theory.

A more specific theory is that, unassisted,
humans cannot infer the behaviour of systems
represented in the above fashion in a way which
is logically consistent; computers are needed to
deduce the behaviour. This is an empirical claim.
As such it is well supported by data (Sterman,
1994). Models therefore allow the application of
logic to reveal essentially tautological but, in
practical terms, hidden results (Simon, 1969).

Finally, we come to the idea that each model is a
theory. These are clearly minor content theories,
albeit valuable ones. A model is a concatenation
of causal laws offering a plausible representation
and hence explanation for a behaviour mode.

Taking these different ‘theories’ one by one
and briefly clarifying their status makes it clear
that none of them propose an invariant causal
law and that therefore there is no crude grand
(content) theory. The only universal law/theory
on offer is a grand methodological, or structural
theory, associated with a representation scheme.
System dynamics offers a new structure for
thinking about causality but it does not specify
the content of that structure. In terms of Figure 2,
the ‘laws’ are structural, or representational —
they have no specific content. This position can
still be criticized but it does not attract the hard/
deterministic-related criticisms attached to grand
theory in the sense of Parsons and Mills.

The Idea of Causality

Moving down from the grand level to that of
individual models raises the question of whether
the causal links in system dynamics models are an
adequate tool for treating human behaviour.
Behind the criticisms from Flood and Jackson
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quoted earlier is the question of whether actions
are governed by such (micro) laws of causality.
This is the issue being referred to when Giddens
defines “ ‘Determinism”’, in the social sciences ...
[as] any theoretical scheme which reduces human
action solely to “event causality”” (Giddens, 1976,
pp. 91-92). His sense is pejorative.

Social theorists differ widely in their view of
causality in social systems. It is generally accepted
that the practical establishment of laws and theo-
ries is much more difficult in social science (Bailey,
1987). Nevertheless, the philosophical aspiration
widely remains and in its strongest form leads to
the grand theoretic stances described above.®
However, some theorists, accepting that ‘the
theoretical explanation of how and why people
act has an entirely different structure and a
different notion of cause’ (Craib, 1992, p.23),
have attempted to amend and reframe the theory
of causality whilst retaining the core idea." Others
have gone further, arguing that the concept is
inappropriate and should be extirpated from
social inquiry (Giddens, 1976, 1984; Lincoln and
Guba, 1985; Phillips, 1987). For example, Phillips
states baldly that human actions are simply not
causally determined, that ‘people act because they
are swayed by reasons, or because they decide to
follow rules, not because their actions are causally
determined by forces” (Phillips, 1987, p.105). He
concludes that the causal laws of natural science
are not to be found in social science and that if
explaining human actions is the aim then an

8This combined attitude is captured neatly by Scott: ‘causal
mechanisms both reinforce and undermine one another, they operate
alongside other (as yet) unknown mechanisms, and the combination
of mechanisms differs from situation to situation. As a result, actual
events are never simple consequences of a particular mechanism: they
are always “overdetermined”. The task of [social] science is to
comprehend this overdetermination by extending the scope of its
knowledge of the causal mechanisms operating in the world” (Scott,
1995, pp. 173-174).

"For example, Craib argues that ‘some notion of teleological [goal
seeking] causality [is] necessary to understand human action: it
involves notions such as intention and project’” (Craib, 1992, p.182).
Similarly the concepts of ‘reciprocal determinism’ (Bandura, 1977) and
‘mutual shaping’ (Lincoln and Guba, 1985) are both attempts to
respond to problems in the Humean definition of causality as applied
to social phenomena. These rather unconvincing reframings are
interesting examples of the tremendous difficulties that social
scientists seem to have with the concept of feedback. The system
dynamicist reading the tortured accounts of phenomena described in
these works is likely simply to observe ‘But it's simple, it’s just a
feedback effect!” The critique of ‘reciprocal determinism’ in Phillips
(1987, pp.71-76) is particularly effective in this respect.
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understanding of individuals may require herme-
neutical interpretation.

In fact, the debate may be loosely characterized
as an argument over the respective importance of
these two forms of ‘explanation”: Erkliren and
Verstehen (Morrow and Brown, 1994; Ritzer, 1996).
Natural scientific explanation is Erkliren — the
objective establishment of invariant, nomothetic
laws of causal explanation. The tradition of
German Idealism gives rise to Verstehen — the
hermeneutical process of understanding and
interpreting the subjective meaning that humans
attach to their actions. Positivists can be seen to be
in pursuit of Erkliren as the only true form of
science, while Critical Theorists — and others —
are profoundly suspicious of this form of deter-
minism, believing that ‘social life [does] not lend
itself to such causal explanation’ (Morrow and
Brown, 1994, p.94). At a middle position, Weber
believed that both forms of explanation are
relevant to social science and this is reflected in
much modern social theory.

Where do the causal models of system
dynamics fit in with this range of views? There
is some acknowledgement that causal laws in
social science are not straightforward (Richard-
son, 1991, p.7-8). Some have attempted to think
in more detail about what causality means in the
field (Roberts et al., 1983, p.11-15). The view to
be advanced in this paper is that the issue of the
appropriateness of using causal laws must be
seen in the context of the aggregation of system
dynamics models (Forrester, 1961).

System dynamics is concerned with aggregate
social phenomena, not individual meaningful
actions. The balance of appropriate explanation
in social sciences (Erkliren versus Verstehen) is
widely seen to vary with the detail of the pheno-
mena studied. For example, having asserted that
the understanding of individuals requires herme-
neutic interpretation, Phillips observes that, with
groups, enduring patterns may be observable and
limited prediction possible (Phillips, 1987). He
uses Schelling’s example of students filling up a
lecture theatre. The individual choice of seat
would be unpredictable, though hermeneutic
interpretation might allow a researcher to under-
stand the reasons why a particular student chose
his/her seat. However, for a large number of
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students, seat-filling appears to take place in a
pattern which is invariant in many ways and
which can be used to make predictions at an
aggregate level with a wide range of audiences
(Phillips, 1987, pp. 111-112).

Similarly, from system science, von Bertalanffy
contrasts ‘molecular’ and ‘molar’ approaches, so
that ‘for mass behaviour, systems laws would
apply’ (von Bertalanffy, 1962, p.76).

It is clear that there is a significant difference
between causality in system dynamics (which
treats causes as pressures which produce aggre-
gate patterns of behaviour), and causality in the
cybernetics of Beer (which treats events, actions
and individual stimuli and decisions) (Richard-
son, 1991, pp.337-338). Forrester is very clear
that while the perspective to adopt when
constructing a model ‘is not so far away as to
be unaware of the decision point and its place in
the system’, it is nevertheless, ‘not close enough
to be concerned with the mechanism of human
thought’, because ‘We are not the psychologist
delving into the nature and sources of human
motivation’ (Forrester, 1961, p.96).

Having somewhat clarified the nature of the
question, it becomes less clear that system dyna-
mics involves the view that individual human
decisions are completely explainable by causal
laws, that subjective explanations of the Verstehen
type are irrelevant. The field is not operating at a
sufficiently low level of detail for this accusation
to stick.

Currency of the Debate Established

It is worth commenting that the above pair of
discussions has avoided some of the more
stridently realistic views expressed within the
field of system dynamics. These include Forres-
ter's suggestion (quoted above) that the field’s
principles capture the nature of social reality and
the generally held position that people have
‘flawed cognitive maps of causal relations’
(Sterman, 1994, p.307); i.e., mental models are
not ‘correct’. From a philosophical position it is
rather hard to imagine what these views could
possibly mean since they mix the external world
with intellectual constructs or representations.
However, what an instrumentalist sees as naive
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realism can look to a pragmatic realist like
cowardly relativism. This is not the place for a
debate on this point, it merely being necessary to
note that the issue does touch on the interpret-
ation of hard/deterministic treated here and that
the area deserves further attention.

Putting this issue to one side, we concentrate
instead on the two main arguments that have
been made in this section: firstly, system
dynamics should not be criticized as propound-
ing a crude grand (content) theory because what
it advances is a (grand) structural theory;
secondly, that the modelling of causal laws
which transcend human subjectivity is a reason-
able position because of the level of aggregation
of models. Whether these arguments are suffi-
cient to defend system dynamics from this hard/
deterministic accusation remains to be seen. The
suspicion of this author is that the subjectivist
hardliners in both systems science and social
theory will not have been assuaged. Subjectivism
has been a powerful and insightful development
in systems science but it has its limitations. For
example, Giddens pronounces unacceptable ‘the
hermeneutical notion that causal laws have no
place in social sciences at all’ (Giddens, 1982,
p-15). His ‘structuration theory’ posits an
alternative notion of ‘agent causality’ in which
causal relations are an element of the rationaliza-
tions and maxims that agents use (Giddens,
1984).

This section leaves open many questions for
system dynamics. Some further thought on the
nature of the field’s various claims or theories
would be useful. Linkage with social theory is
possible here too: it has been suggested pre-
viously that archetypes are examples of Weberian
‘ideal types’ (Lane and Smart, 1996) but if a single
model is a micro content theory then are generic
structures Mertonian middle range content theo-
ries? What are the implications of this? How do
the causal links in a model relate to the idea of
‘agent causality” and the notion that causal laws
exist only in that they lead agents to expect certain
consequences? These hard questions must be
addressed, although some relief may be found in
the observation that ‘Generalizations about
human social conduct ... may directly reflect
maxims of action which are knowingly applied
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by agents ... just how far this is the case in any
specific set of circumstances has to be one of the
main tasks of social research to investigate’
(Giddens, 1984, p.347).

It will indeed be a main task for the field to
establish the status of causal reasoning and of its
various ‘theories’. However, system dynamics
need not be apologetic about its attachment to
causal models. As suggested by Lane (1999¢),
while acknowledging and responding to the
contribution of subjectivism, system dynamics
cannot move too far in this direction without
loosing most of what is distinctive and — more
to the point — effective about the approach.
Indeed, if the placation of subjectivists involves
the denial of the relevance of causal laws, causal
explanations and the grand structural claim of
system dynamics then the field should stop
placating and start declaiming. While it is useful
to clarify exactly what the system dynamics
position is, there comes a point where criticisms
must be turned on their head and worn as
badges of pride.

A FORM OF HARD SYSTEMS THINKING, OR
SYSTEMS ENGINEERING?

In this last section a variety of criticisms is briefly
considered. Collectively these can be seen to be
an assertion that system dynamics is essentially a
hard systems approach, akin to systems engin-
eering (this is referred to below as ‘hard/SE’).
For example, Jackson (1991) offers a broad
criticism of this nature when he groups the
field with hard systems thinking. He character-
izes this as an approach in which ‘People are
treated as components to be engineered just like
other mechanical parts of the system. The fact
that human beings possess understanding and
are only motivated to support change and
perform well if they attach favourable meanings
to the situation in which they find themselves is
ignored” (Jackson, 1991, p.80).

The tone of this final hard/deterministic
accusation is that, in operation, system dynamics
has an austere view of what should be in a model
and a coercive view of how users should respond
to such a model. The features of hard systems
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approaches described by Checkland (1981,
pp- 189-191) are used below to respond to this
accusation in detail. In each case the specific
point is briefly stated and the position of system
dynamics in respect to it described.

Model Purpose Known?

The hard/SE approach deals with well-defined
problems which are taken as clear and known by
all (Checkland, 1981).

The system dynamics literature certainly states
that a study must be focused around a specific
purpose (Forrester, 1961; Randers, 1980b). How-
ever, this does not imply the austere view that
the purpose will be objectively clear to all
participants. Rather, it is done to ensure that
modelling centres on the treatment of a particu-
lar issue rather than flounders in trying to model
some notion of a whole ‘system’. Since the
purpose of a model is to manifest a world-
view — or mental model — relating to import-
ant issues, it is entirely possible for there to be a
plurality of opinions on that purpose and for the
modelling process to treat a range of these.

Having made this point it must be said that
system dynamics lacks any structured way of
eliciting and handling such diversity (Lane and
Oliva, 1998). However, it has been suggested that
the problem-structuring methods of ‘soft” OR
might be able to contribute in this regard (Lane,
1992, 1994). This has been greeted encouragingly
(Forrester, 1994) and some progress made
(Vennix, 1996).

Model Objectives Clear?

In the hard/SE approach it is assumed that
decision makers already share a clear view on the
objectives of the modelling.

There is no requirement in system dynamics
that there be agreement of what constitutes the
best outcome from a model. Forrester is clear that
the usefulness of models would only be appro-
priately judged in a personal way: ‘the evalua-
tion of improved managerial effectiveness will
almost certainly rest on a subjective judgement
rendered by managers in regard to the help they
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have received [from engaging with a model]
(Forrester, 1961, p.115, emphasis added).

The question of what constitutes an improved
policy, or a better model run, is drawn from the
model owners (Gardiner and Ford, 1980; Reagan-
Cirincione et al., 1991). When doing so, all system
dynamicists should be asking the questions,
‘Whose objectives? ...How should conflicting
goals and the differing agendas of special interest
groups be balanced?’ (Sterman, 1988, p.39). It is
clear from experience that system dynamics
offers the most benefit when it generates support
and commitment amongst the group whose
views are modelled (Roberts, 1972; Senge, 1990;
Kofman and Senge, 1993).

Scientific Imperialism?

At an extreme end of the hard/SE approach lies
the implicit notion that a black-box model,
created by a technical high priesthood, offers
judgements which decision makers are required
simply to obey.

In system dynamics the limitations of such
‘expert’ modelling are clear (Lane, 1992). The
field has traditionally emphasized the import-
ance of drawing participants into a ‘process’ of
modelling, contrasting this stance with an over-
attachment to finalized, black-box models which
are all too frequently cast in the role of obeisance-
demanding oracles and ignored (Forrester, 1961,
1971a). In system dynamics the relationship of a
group to a model is not ‘coercive’ but ‘negotia-
tive’ (Eden and Sims, 1979) and, in contrast to
Jackson’s remarks at the start of this section, it is
accepted that users’ motivation to take action
will, ‘depend ... on the degree to which the
model communicates, helps to generate insights,
enhances understanding, and in general reaches
and influences its audiences’ (Richardson and
Pugh, 1981, pp.312-313, emphasis added).

There is a regrettable trend in the field to
withdraw into a ‘policy engineering’ approach
(see below) and different types of practice do tend
to emphasize to different degrees the importance
of user participation in modelling. Nevertheless,
the core assumptions of the field call for high
levels of participation and, hence, a rejection of an
‘imperialist” approach.
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Impoverished Representation of
Human Agents?

Frequently implicit in the hard/SE view is a
highly reductionist view of humans which treats
them as passive objects. The same has been said
of traditional operational research practice
(Rosenhead, 1989). This issue is at the centre of
the criticism that system dynamics ‘does not deal
with the innate subjectivity of human beings’
(Flood and Jackson, 1991, p.79).

As discussed in the section on causality, system
dynamics models do not purport to capture in
their structure the full richness and subjectivity of
human decision making. Instead, they offer a
framework in which such issues can be addressed
in a structured way which operates at an aggre-
gated level away from individual decisions.
System dynamics models should not stand alone
but are contingent, related intimately to a specific
problem and to the group that is attempting to
address that problem. The factors excluded from
an actual model are nevertheless partially ad-
dressed in the modelling process taken as a
whole. Although not always apparent, this is a
core idea of the field (Forrester, 1961, 1971a).

This approach is particularly noticeable in
‘Interactive System Dynamics’, where the signifi-
cance that participants attach to the modelling
and their commitment to agreed actions are
important aspects of agreeing changes (Lane,
1999b). What is visible in such practice is an
acceptance of the importance of Verstehen along-
side Erkliren. In the light of these remarks it can be
suggested that observers objecting to the apparent
austerity of the Erkliren aspect of models have
insufficiently considered the importance of the
Verstehen taken up in the modelling process. This
may be due partly to the dearth of accounts of
processes but this situation is now changing (see
Lane, 1993, 1997b; Vennix, 1996).

Optimal Solution Sought?

An optimal, or best system design is the usual
aim for the hard/SE method.

Early in the history of the field Forrester
offered a list of ‘obvious truths’ in modelling
which he in fact believed to be false (Forrester,
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1960). One of these is the idea that model output
should be optimized to find a ‘best” policy. It is
therefore one of the bedrock assumptions of
system dynamics that optimization is not appro-
priate for social systems.

The only dissent from this stance emanates
from the minority form of ‘Policy Engineering’
practice which involves ‘the application of
system dynamics modelling as traditional simu-
lation modelling by expert consultants as part ...
of a top-down corporate planning process’ (Lane,
1999b, p.515). Applications are varied and a few
do employ optimization but this is therefore only
occurring in a minority of practice.

This case aside, the field has kept to Forrester’s
rejection of ‘optimization’, concentrating instead
on ‘improvement’. As explored elsewhere (Lane,
1994), the reasons for this view have much in
common with later discussions of the undesir-
ability or logical impossibility of optimization in
social systems (Ackoff, 1979; Rosenhead, 1989).
The case rests on the impossibility of modelling
completely any situation involving human
decision makers. In system dynamics the view
is that since ‘[t]he real problem will always have
aspects that are not captured by a model ... [t]he
best we can do is to seek policies that tend to be
more robust ... than others’ (Richardson and
Pugh, 1981, p.351). This aspiration is as shrewd
as it is modest. It also links to the point below.

‘Designed System’ Implemented?

The aim of hard/SE approaches is to design and
implement an improved system. This is con-
trasted with the SSM aim of implementing
agreed changes (Checkland, 1981).

As indicated in the above treatment of optim-
isation, specific policy directions and new ‘rules’
for control are not the aim of system dynamics. It
is the case that a mathematical model is created,
and that the results of changing policies are
experimented with using that model. But the
model is never seen as the system then to be
implemented. Instead, the purpose is to promote
individual and organizational experiential learn-
ing in order to impart to those involved in the
modelling ‘a better intuitive feel [which]
improves judgement about the factors
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influencing ... success’ (Forrester, 1961, p.45). It
may seem paradoxical but the results of a
quantitative system dynamics study are qualitat-
ive insights. Individual policy changes that are
seen to be beneficial are taken back into the real
world and used as the basis for further exper-
imentation.

Again, there is an appropriate and pragmatic
degree of modesty behind this aspiration. Just as
the ‘system’ cannot be trapped and so optimized,
it can never be grasped and remodelled in all its
detail. A system dynamics study aims to improve
the mental models of decision makers. Their
improved understanding of dynamic complexity
then serves as a platform for a never-ending
process of learning about complex systems while
operating as an actor within them (cf. the title of
Sterman, 1994).

Again, Position Clarified

There is no pretence that bringing together the
range of issues described in this section reveals
system dynamics to be a ‘soft’ method in the
style of SSM. However, it is clear that mathe-
matical techniques used in the approach are
surrounded by a complex set of craft skills that
make the method much more than the applica-
tion of ordinary differential equations to social
systems. System dynamics is very different from
systems engineering.

CONCLUSIONS

In this section the four separate conclusions are
first drawn together. Comment is then offered on
the lessons that may be derived for improving
communication between the field of system
dynamics and the broader systems movement.
Some closing remarks are then presented.

Reviewing the Accusations

From the main sections of this paper, four
conclusions may be drawn. Firstly, the idea that
system dynamics offers prophecies is absolutely
false; it may be difficult to believe that this
accusation could ever have been made with any
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seriousness but its refutation is worthwhile and
necessary. Secondly, the position of system
dynamics on the structural influence on agents
is not behaviourist; such influence is not total but
is taken to be partial, or involving a feedback
model of the relationship between agency and
structure. The third question, whether system
dynamics is a grand theory, is more complex; it
does not propose any specific content but does
advance a structural theory and a representation
scheme to go with it. Further debate on the
coherence and benefit of this position may prove
necessary but the currency of that debate should
now be more clear. Finally, the identification of
system dynamics with system engineering is
too crude a piece of pigeon-holing; the field
has a range of properties that indicate a much
more participative and contingent relationship
between a model and those working with it.

What are the reasons for such confusion and
misinterpretation? Some relate to the system
dynamics field, while others concern the systems
science movement generally. These are treated in
turn below.

Lessons for System Dynamicists

The poor communication between system dyna-
micists and other system practitioners is partly a
result of the atheoretical style of the system
dynamics field. The field seeks to offer plausible
and compelling explanations for a range of
phenomena rather than dwelling on philosophi-
cal and theoretical issues. Since systems science is
sometimes considered to be too abstract (Tron-
cale, 1988), this undoubted success regarding
practical applications should be welcomed by all.
But the dearth of theoretical debates is something
of a hindrance.

For example, the relationship between system
dynamics and subjectivist ideas has been a
particular source of uncertainty. This is con-
sidered further below from the point of view of
those outside the field. However, the challenge
for system dynamics is to build on subjectivist
ideas that have been part of the approach from its
creation, to advance them using more theoreti-
cally aware discourses, and then to communicate
its position clearly.
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The widespread avoidance of theoretical con-
cerns can also lead to a certain crudity of
presentation. This paper cites various descrip-
tions of the field that seem extreme, naive or
simply confusing to system (and social) scient-
ists. Many of the hard/deterministic criticisms
would not have arisen if the field had been a
little more judicious in its language. Some
sensitivity towards the concerns of other systems
thinkers and a better command of the termino-
logy involved would be an aid. That is a lesson
for system dynamics that should be drawn from
this paper.

Lessons for External Commentators

The blame for the confusion about the nature of
system dynamics addressed in this paper does
not all lie with the field itself. Some of the
confusion results from a less than perfect grasp
of the core ideas of the field on the part of
external commentators. Although there is some
uncertainty and crudity of presentation in system
dynamics, many of the ideas deployed in this
paper do not require detailed textural exegeris,
merely familiarity with the literature of the field.
It is a superficial reading of Industrial Dynamics
(Forrester, 1961) which leads some to see system
dynamics as being merely about inventory
control. A sound grasp of this text leads to a
very different view of the aspirations of the field.
Similarly, much has been published which shows
the range of problems that have been tackled and
the elaborations of the approach that have
appeared. The opening section of this paper
supplies a wide range of such references.
System dynamics is still in the process of enga-
ging with the subjectivist strand of systems
thinking. Nevertheless, it really should be clear
that the field is not as austerely objective as it is
sometimes portrayed. As described in this paper,
system dynamics already involves some acknowl-
edgement of the power of subjectivist ideas. Ther-
efore, what is called for is not rejection of a ‘straw
man’ hyper-objective system dynamics; a sound
understanding of the field’s literature makes it
very clear that such an approach does not exist.
So, while system dynamicists can improve
their own methods and style of communication,
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it also behoves those offering comment to have a
sound grasp of the nature of that field as
presented in its publications.

Closing Comments

This paper is an attempt by a system dynamicist
to engage with the broad systems science move-
ment in a style that deals with some of their
theoretical concerns. It also creates an entrance to
the literature of the field so that more can be
discovered — and perhaps debated or criticized.
However, one thing is clear about system
dynamics; it remains a very practical approach
and attracts people of this inclination. Highly
theoretical papers will probably continue to be a
rarity. This leads to the closing points of this
paper.

Firstly, the grand structure theory of system
dynamics, along with the theories of logical
deduction and representation, do not stand or
fall as separate elements to be justified by the sort
of theoretical arguments presented here. Rather,
they must be judged as a coherent research
programme (Lakatos, 1974). System dynamics
should therefore be considered in terms of the
plausibility and coherence of its grand structural
claim, the reasonableness of its representative
scheme and — primarily — by its empirical suc-
cess in providing explanations for a range of novel
phenomena. Viewed in these Lakatosian terms,
the various aspects of the approach that are
debated in this paper form the ‘hard core’ of the
field. The healthy flow of diverse applications of
the approach indicates that the research pro-
gramme is a progressive one. While some of the
issues raised here are still open and the clarified
position will be criticized by some, system
dynamicists are happy to justify their position
less in terms of theoretical debates — though
more of this should be encouraged — and more
in terms of the field’s ability successfully to
illuminate real-world phenomena. It is on those
terms that the theories, the laws, indeed, all of the
ideas of system dynamics, should be judged.

The second and final point concerns the
response to the question in this paper’s title —
should system dynamics be described as a ‘hard’
or ‘deterministic’ systems approach? The answer
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can be found if the rare theoretical publications
are considered with sufficient seriousness. How-
ever, the answer is even more clear if we accept
the fact that practical applications of system
dynamics are the main source of information. As
this paper seeks to demonstrate, using both
sources of information, the answer to the ques-
tion is — on balance, no.
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