Table of Contents

Go Back

System Dynamics What to teach?

Kjell Henden
Sogn og Fordane University College
AOS, P.O. Box 133
N-6851 SOGNDAL, NORWAY
Phone: + 47 57 67 6503 Fax: +47 57 67 63 01
Kjel.henden@hisf.no

Abstract

The topic of this paper is to discuss system dynamics as a subject in universities and
colleges. The reason for my interest in this topic is that | have been giving classes in
system dynamics since 1991 at Sogn og Fjordane University College. My students have
mainly been undergraduates in economics and finance. Thisis also reflected in the cases |
have chosen to elaborate - from a technical as well as a pedagogical point of view. My
lectures form the basis of a textbook | have written (also available on the Internet) that
represents my understanding of what a course in system dynamics should contain. The
cases are from the spheres of finance, cost-benefit analysis, macroeconomics, demography,
consequence analysis as part of decison analyses and system dynamics as a tool in
strategy development.

When | search the Internet for courses that are offered at universities around the world
and read the literature lists, | get the impression that there is a shortage of textbooks for
introductory courses. This conference might be an excellent opportunity to discuss the
problems this shortage creates and to point out guidelines for standardised courses in
system dynamics. Hopefully my proposed textbook can be a small contribution towards
that aim.

1 Area of application

A prerequisite for building a modd is that the builder has an understanding of what she is
modelling. Doman knowledge is essentid, and in a beginner's course it is an obvious
advantage to introduce cases from domains that students are familiar with. In the following |

shdl discuss some of the topics my classes have worked thoroughly with. The complete list
of contents of my proposed textbook is given in section 4 Contents.

1.1 Finance
Sysem dynamics is an excdlent methodology for learning most of the topics that are dedlt

with in textbooks on finance. For indance, the formulae of capita growth can be essly
modelled, and even better, they can be made more generd. Let us look at an example that
illugtrates this point: the future vaue of an annuity as cdculated by the formula is based on
a constant interest rate. This is not a very redidic Stuation. We dl know that interest rates
fluctuate, and we bear this in mind when we save money or especidly if we borrow



money. In the latter case we are concerned with  quedtions like wha will be the
consequences to my economic Stuation if the interet rate increases? System dynamics can
easly ded with such a question and makes it possible to incorporate scenarios in economic
andyses. Thee qudities prove to be extremdy useful when andysing the profitability of
an investment. The examples dedt with are

- futurevdue

- annuities

- present value of future cash flows

- amortisation

- cost-bendfit andyss

- vaue of bonds.

Some of the aspects of finance can be viewed in two different ways that will affect the
ways modds are built, and | illudrate them in the following way. Cdculaing the forward
vaue of one dollar can be regarded as raising (1+r) to the power of t, where r is the interest
rate and t is the number of years A different way of thinking is to animate whet is done by
the bank clerk at the end of every year: take the end baance of the previous year and
multiply it with (1+r). The latter procedure corresponds to a difference equation. The
models | work with reflect thet | prefer the difference equation to raising to the power of t
The reason is that they open up for different options when doing sSmulaions. | shdl
illustrate my point with two extremey smple models.

futureValue

futureValue

interestRate

Difference equation model

prevFutureValue

Raised to a power model

The raised to a power mode, with smal extensons, enables you to produce dl the future
values and net present vaues that are tabulated in a textbook on finance. The interest rate
iS given as a vector where each of the components is time independent. And in Smulations
you only get results that are based on congtant interest rates over the relevant period. The
difference equation mode handles the interest rate as a time series That is hardly ever
done in any textbook on finance! The dements of the time series can for ingtance show the
impect of an interest rate that in the first year is 4 %, and for the following years takes on
the vadues 5 %, 55%, 7% etc. or whatever one may choose. My view is that the use of
time seriesingtead of vectors opens up for more redistic Smulations in finance.



1.2 Macroeconomics

One of the most exciting fields for the use of sysem dynamics is that of macroeconomics.
The theoreticd foundations are described in The General Theory of Employment, Interest
and Money (1936). This classic book by John Maynard Keynes is generdly regarded as
probably the mogt influentid socia science treatise of the 20th Century. Keynes changed
the foundations of macroeconomics and the way the world looked a economy and the role
of economy in the society. The systems we are going to sudy are described by equations
in accordance with Keynes's theories. We dat the modd building by sudying a very
smple society where the nationd product in one period is equd to the sum of the
aggregated consumption and aggregated investment in the previous period (R, = G + Ly).
This ample difference eguation is the bads of a tentative modd. Smadl refinements of it
lead to the illumination of the concept of equilibrium, and how a sep to a higher leve of
for example invetment, tranders the sysem to a new equilibrium dae Further
modifications help to illustrate what a multiplicator effect on an invesment is. The mogt
advanced modd is the ISML modd. This is a representation of Keynes theories that was
introduced in 1937 by John Hicks. The corresponding Powersm modd makes it easy to
smulate what impacts various messures will have on socigy. One case in point: a
government wants to increase its spending and compensate for this by increasng taxes.
The answer to the question what effects this will have, is given by Haavelsmo's theorem:
employment will incresse and export decrease. It is very rewarding for students to be able
to build modds that produces the correct answers to this and other kinds of if-then
questions.

1.3 Demography

Demography is a study of the quantitative aspects of human populations. The focus is on
their changing sze and composition, and the causes and consequences of such changes.
This kind of knowledge is very important for the public as wel as the private sector. When
planning kindergartens, schools, hedth services, nursng inditutions etc, demographic
knowledge is important. Public planners have to know not only the size of the population
but adso its compostion which means the proportion of children, young and ddely
people in the population. For business people knowledge of the size and composition of
populations is essentidl when meaking decisons about locetion, and what products and
sarvicesto offer.

The dat of the smulations is modds of anima populaions. And these are developed
into redigic models of the development of the population of Norway. Use of vectors
makes it smple to handle variables such as fetility and mortdity for dl age groups
Hopefully these cases show that system dynamicsis auseful tool for demographic sudies.

1.4 Decison models and strategy development

Decison making conssts of two different processes, namely analysis of consequences and
analysis of preferences. The combination of these two processes conditutes the decision
paradigm The decisions we make are based on what we believe the future will be like, and
possible futures are described by scenarios. When a scenario can be expressed as a set of
parameters, system dynamicsis an excdlent tool for consequence anayss.

A drategy can be looked upon as a collection of ideas of how to meet challenges in the
future. We usudly comprenend drategy as something connected with businesses or
organisations, but it definitely dso pertains to our persond life. We dl make plans for the
future, for the next coming hours as wel as for life Most people have a number of plans



that can be classified as drategies. And the plans have been made taking into account a lot
of questions of the type “what happens f...” In this way plans are actudly mede by teking
into account different visons of the future. In short, strategy as well as scenarios are
phenomena tha we ded with in mentd modds that concern our everyday life. However,
they are not labdled the rather prestigious words of drategy and scenario. The redisaion
of how common drategy thinking is is an excdlent dating point for sysematic
development . System dynamics modds can be used in settings as those described by
Agyris and Schon (1978 and 1990) . And likewise the modds fit superbly into the micro
world thinking as described by Morecroft (1994). There is a short step from our intuitive
perception of srategy development to playing with modes.

2 Educational challenges

The purpose of teaching sysem dynamics is to tran Sudents in modd thinking, model
buildng and sSmulations. An additiond and more ambitious god is to creste an
undergtanding of the role that system dynamics methodology can play in the development
of mentd modds and how sysem dynamics can be used in scenario andysis and the
evolutions of drategies.

Essentid to any training project is the subjects chosen for training purposes. In this section
I will discuss some pedagogical aspects of teaching system dynamics.

2.1 From spreadsheset to flowchart

Sysem dynamics was developed as a methodology for andysing how time-dependent
sysems develop as time passes on. It can be regarded as a supplement to Spreadsheet
programmes that ae efficdent when dudying time- independent (dtatic) systems. A
ggnificant difference between the two types of programmes is that sysem dynamics
progranmes have a graphic user interface and are focused on problem structures rather
than numbers and formulae as Spreadsheets are. Modd building requires a profound
understanding of how things work, in other words, about sructures and relations. Even
building a tiny model demands abstractive faculty. As teechers we have to bear in mind
this demand, even more 0 because many sudents have a low abdractive faculty. To
percelve a level as an idea tha is separated from particular instances is an example of the
process of abdraction. So drawing flow diagrams implies thinking in sructures rather than
numbers. In a way a sysem dynamics programme may be perceived as an abstraction of a
Spreadshest.

22Time
The problems associated with the concept of time are easly underestimated. Time is

definitdly not as concrete as some sysem dynamics progranmes make it look like (for
ingance Powersm). The essence of a modd is that time flows Recdculdions are
monitored by time. But in some indtances it is dedrable to let another quantity have control
of the cdculations. For ingance when dmulaing difference equations an index of some
sort will be in that postion. When working with macroeconomic models, the time unit is a
period. What this period is uncertain - a any rate to me. The time concept should
definitely be broader than that of the cdendar. In the modd Hanoi Tower (Henden, 2003,
54) the lapse of time is measured by the number of disks (which iThink dlows you to
use).



2.3 Causdlity

A fundamentd problem has to do with identifying causd reations and to understand the
concept of causality. This word has three principal meanings (Bunge, 1963, 3-21). In science
we often observe congant and unique connections. An example is the veocity which is
determined by the time. But the word determination does not convey the activity and
productivity inherent in causation. So this is not a causd law. Another problem is associated
with distinguishing between corrdation and causation. An objective of a course should be to
pass on some of this ingght. A more pragmatic view is “the verbs cause, affect, and
influence are used (here) to mean approximately the same thing” (Roberts et d., 1982, 2). In
my opinion, there are obvious reasons for using the term influence diagram rather than the
more ambitious causal diagram

2.4 Communicative gains

An important part of group work is the exchange of ideas between students. When solving
problems of mathematics, discussons often are a one-way communication from one student
to another, and the content of what is being communicated is technicd hep. System
dynamics apparently has inherent properties as far as communications are concerned, and
discussons over flow chats are ample Unlike mahematicd formdism System dynamics
rarly inhibits sudents from communicating their views.

2.5 Moddlling and observational learning

The theory of observationd learning acknowledged modeling the most powerful means of
transmitting values, attitudes, and patterns of thought and behaviour (Bandura 1986, 48).
From obsarving and learning we make modes that contain conceptions and rules for
generating our gructures of behaviour. Moddling must necessarily be a process, and the
vaue of this paradigm, as | see it, depends on how well this process can be understood. A
mode is not a sort of response mimicry or imitation. Learning means making a modd by
processng the information about the structures of events that we observe. The information is
trandformed into symbolic representations that serve as guides for action. The way we
andyse phenomena no doubt affects the ways we understand them and the level of cognition
we dtan. The mechanism of obsarvationd learning is, | think, such that the anaytica
goproach of sysem dynamics has a dructure that induces the modeling process
characterigtic of observationa learning. Observetiond learning is shown most clearly when
modds exhibit novel patterns (Bandura 1986, 49). In the process of andysing and solving
problems it is possible to observe solutions that students were unlikely to come up with prior
to learning sysem dynamics even if they possess the prerequiste knowledge This
corresponds with the definition of novel pattern. And such novel patterns are frequently
observed.

3 Condlusions

Even for a teacher the mechanism by which the subjects we teach are sdected is rather
obscure. Looking @ mathemdtics it is hard to comprehend why so much emphasis is put on
solving equations rather than devoting more time to number theories. The rate of change is
adso extremdy low; once a subject has become part of a curriculum it often remains so for a
vay long time. What we teach is apparently bound by tradition because the foundations of
most disciplines have been laid centuries ago; in the case of mathematics even more than a
thousand years back in history. This stability, especidly in terms of the andyticd sciences,
might be an obstacle to making changes when there is paramount reason for doing so. This



might affect our aptitude to change pedagogy or methodology of teeching as well as the
subjects we teach.

What we teach is in accordance with conventions that have been formed over along period
of time. Typicd condraints of curriculla are what is taught a smilar colleges. Another
obgacle to change is the fact that diverting from the traditional approach could put you out
of pace with what advanced courses are based upon. Given circumstances where less
congderation could be teken to the surrounding world, most likey more teechers would
divert from traditiond curricula My concluson is that sysem dynamics enhances the
understanding and enables the sudents to go wel beyond the oversmplifications of
traditiona textbooks, and that the use of the methodology in various disciplines should be
advocated.



4 Contents
The contents of my proposed textbook are as follows:

1SYSTEM DYNAMICSAND 6 PROJECT ANALYSIS
MODELS 6.1 Cash flow model 119
11 The evolvement of System Dynamics 3 6.2 Net present value model 121
12 Simulations and models 5 6.3 The road (debt) model 122
13 Systemdevelopment 7 6.4 Personal economy 127
6.5 Scenarios and strategies 129
2 CAUSAL DIAGRAM 6.6 Management Flight Simulator 130
21 Variables and causal links 8 6.7 Presentation of anaysis 131
2.2 Feedback 10
2.3 Time development 13 7MACROECONOMICS
24  Graphic symbols 16 71 Keynes's equilibrium 132
25 Cause and effect 17 7.2 Finding a new equilibrium 134
7.3 Multipliers 136
3MODEL BUILDING 74 Open economy model 138
31 Elements of a model 19 75 1SLM model 140
32 Therole of time 21
3.3 Reservoir model 23 8 DEMOGRAPHY
34 Unitsin models 27 81 Fertility and cohorts 142
35 The simulation technique 28 82 Mortality 147
36 Ratedefinition 33 8.3 Populations development 149
3.7 Graphs and tables. Vectors 36 84 Eilert Sundt’s law 155
38 Delays 40 85 Stablepopulation 156
39 lterations 51
3.10 Difference equations 54
9 THE PROCESS OF MODEL BUILDING
4CASES 91 Reference diagrams 160
4.1 Animal populations 58 9.2 Sources of knowledge 161
42 Epidemiology 64 9.3 Phases of model building 165
4.3 Education and capacity 66
Controlling levels and rates
44 A productionstock system 72 10 DECISION SUPPORT
45 Predictions 74 10.1 What is adecision? 166
46 Queuing theory 81 10.2 The decision model 169
4.7 Hydrology 87
48 Riseand decline 20
11 STRATEGY DEVELOPMENT
11.1 Mental models 171
5FINANCE 11.2 Scenario 173
5.1 Future value 94 11.3 Learning theory 174
5.2 Annuities 99 11.4”"Playing” with models 176
5.3 Present value 103 - microworld
5.4 Present value of future 105 11.5 Morecroft’s model 178
cashflows
5.5 Cost-benefit analysis 110
5.6 Amortisation 112 12 EXERCISES 180
5.7 The value of bonds 115

5.8 Stochastic model for stock price 117
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