











CONCEPTUALIZING, FORMULATING AND VALIDATING. MODELS

Forrester, J. W. 1980, Informauon Sources for Modeling the Nauonal Economy Journal of the
American Statistical Association 75 (371): 555-574.

Argues that modeling the dynamics of firms, industries, or the economy requires use of multiple
- “data sources, not just numerical data and statistical techniques. Stresses the role of the mental and
descriptive data base emphasizes the need for first-hand field study of decision making.

Legasto, A. A, Jr., J. W Forrester & J. M. Lyneis, eds. 1980. System Dynamzcs TIMS Studies in
the Managemem Sciences. Vol. 14. Amsterdam: North-Holland.
Collection of papers focused on methodology. Includes Forrester and Senge on Tests for Building
Confidence in System Dynamics Models and Gardiner & Ford's discussion on Which Policy Run is
Best, and Who Says So?

Randers, J., ed. 1980. Elements of the System Dynamics Method. Cambridge MA: Productivity Press.

Includes Mass on Stock and Flow Variables and the Dynamics of Supply and Demand; Mass &
Senge on Alternative Tests for Selecting Model Variables; and Randers' very useful Guidelines for
Model Conceptualization.

Richardson, G. P., and A. L. Pugh, 1I1. 1981. Introduction to System Dynamics Modeling with
DYNAMO. Cambndge MA: Productivity Press.
Introductory text with excellent treatment of conceptualization, stocks-and flows, formulatlon and
analysis. A good way to learn the DYNAMO simulation language as well. .
Morecroft, J. D. W. 1982. A Critical Review of Diagramming Tools for Conceptuahzmg Feedback
- System Models. Dynamica 8 (part 1): 20-29.

Critiques causal-loop diagrams and proposes subsystem and policy structure dlagrams as supenor
- tools for représenting the structure of dec:sxons in feedback models.

Roberts, N., D. F. Andersen, R, M. Deal M. S. Grant & W. A. Shaffer. 1983. Introduction to
‘ Compuler Simulation: A System Dynamics Modeling Approach. Reading MA: Addison-Wesley.

Easy-to-understand introductory text, complete with exercises. v

Homer, J. B. 1983, Partial-Model Testing As A Vahdatwn Tool for System Dynamxcs In International
- System Dynamics Conference: 920-932 ,
How model validity can be improved through parual model testmg when data for the full model are
lackmg

Sterman J. D. 1984. Appropriate Summary Statlstlcs for Evaluatmg the Hlstorlcal Fit of System
- Dynamics Models. Dynamica 10 (2): 51-66.
- Describes the use of rigorous statistical tools for estabhshmg model vahdny Shows how Theil
statistics can be used to assess goodness-of-fit in dynamic models.

Forrester, J. W. 1985. 'The' Model Versus a Modeling 'Process'. System Dynamics Review 1 (1) 133-
134,
The value of a model lies not in its predlctwe ability alone but pnmanly in the leammg generated
- during the modeling process.

Richardson, G. P. 1986. Problems with Causal- -Loop Dlagrams System Dynamzcs Review 2 (2) 158-
170.
Causal-loop diagrams cannot show stock-and-flow structure explicitly and can obscure important
dynamics. Offers guidelines for proper use and interpretation of CLDs.

Forrester, J. W. 1987. Fourteen 'Obvious Truths'. System Dynamics Review 3 (2): 156-159.
The core of the system dynamics paradigm, as seen by the founder of the field.
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Forrester, J. W. 1987. Nonlinearity in High-Order Models of Social Systems. European Journal of
Operational Research 30 (2) 104-109.

Nonlinearity is pervasive, unavoidable, and essential to the functioning of natural and human
systems. Modeling methods must embrace nonlinearity to yield realistic and useful models. Linear
and nearly-linear methods are likely to obscure understanding or lead to erroneous conclusions.

Barlas, Y. 1989. Multiple Tests for Validation of System Dynamics Type of Slmulauon Models.
European Journal of Operational Research 42 (1): 59-87.
Discusses a variety of tests to validate SD models, including structural and statistical tests.

Barlas, Y., & S. Carpenter. 1990. Philosophical Roots of Model Validation: Two ‘Paradigms. System
Dynamu:s Review 6 (2): 148-166.

Contrasts the system dynamics approach to vahdlty w1th the traditional, logical empiricist view of
science. Finds that the relativist philosophy is consistent with SD and dlscusses the practical
implications for modelers and their critics.

Wolstenholme, E. F. 1990. System Enquiry - A System Dynamics Approach. Chichester: John Wiley.
Describes a research methodology for building a system dynamlcs analysis. Emphasizes causal-
loop diagramming, mapping of mental models, and other tools for qualitative system dynamics.

Mass, N. 1991. Dlagnosmg Surprise Model Behavior: A Tool For Evolving Behavioral And Pohcy
Insights (written in 1981). System Dynamics Review 7 (1): 68-86.

Provides guidelines for learning from surpnse model behavnor and. descrlbes tests to resolve
discrepant behavior.

MODELING FOR LEARNING: SYSTEMS THINKING AND ORGANIZATIONAL LEARNING

Morecroft, J. D. W. 1988. System Dynamics and M:croworlds for Pohcymakers European Joumal of
Operational Research 35 (3): 301-320. :

Descnbes the model-building tools available to managers and pohcymakers .

Kim, D. 1989 Learning Laboratories: Des1gnmg a Reflective Learning Environment. In Computer-
Based Management of Complex Systems: International System Dynamzcs Conference, ed P. M.
Milling & E. O. K. Zahn. Berlin: Springer-Verlag.

A case-study of a process designed to- convey dynamic insights to paruc1pants ina workshop settmg
designed around a management flight simulator game.

Senge, Peter M. 1990. The Fifth Discipline: The Art and Practice of the Learning Organization. New
York: Doubleday Currency.

Introduces systems thinking as part of a wider approach to organimtional learning. Conveys basic
system structures to a non-technical business audience by means of anecdotes and archetypes.

Senge, P. M. 1990. Catalyzing Systems Thinking Within Orgamzauons In Advances in Orgamzatzon
- Development, ed. F. Masarik. Norwood NJ: Ablex.

Presents a casé study in which the use of system dynamics generated insights into a chronic

business problem. Steps in generating, testmg and disseminating a system dynamics model are
described.

Richmond, B. 1990. Systems Thinking: A Critical Set of Critical Thinking Skills for the 90's and
Beyond. In International System Dynamics Conference, ed. D. F. Andersen, G. P. Richardson & J.
D. Sterman.

Proposes a process and sklll set to teach systems thmkmg The process relies on leamer-directed
_ learning. The skill set includes general scientific reasoning and SD, supported by simulation.
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Morecroft, J. D. W., & J. D. Sterman, eds. 1992. European Journal of Operational Research: Specnal
Issue: Modelhug for Learning, 59 (1).
- 1T ‘papers describing models and methods to.enhance learnmg, both for mdmduals and
. organizations. Covers elicitation and group process techniques, management flight simulators, and
tools for capturing, representing, and simulating mental and formal models. v ‘

DECISION MAKING

Morecroft, J. D. W. 1983, System Dynamics: Portraying Bounded Rationality. Omega 11 (2): 131-142.
SD models represent decision making as boundedly rational. Reviews and contrasts the concept-of
bounded rationality as developed by Herbert' Simon. Uses Forrester's Market Growth model to
show how locally rational decnsnon rules can interact to yleld globally dysfunctional outcomes.

Morecroft, J. D. W. 1985. Rattonaltty in the Analysis of Behavxoral Stmulatton Models Management
Science 31 (7): 900-916.

Shows how the intended rationality of decision rules in SD- models can be assessed, and how one
analyzes a simulation model and output to understand the assumed bounds on rationality in dynamic
models. A model of salesforce effort allocation is used to illustrate.

Sterman, J. D 1987. Expectation Formation in Behavnoral Simulation Models. Behavzoral Saence 32
190-211. ’

Proposes and tests a slmple dynamnc model of expectatton formation in dynamic models (the
TREND function). Shows how the TREND function explains a forty year hlstory of inflation
forecasts and several different types of long-term energy demand forecasts.

Sterman, J. D. 1989. Misperceptions of Feedback in' Dynamic Decision Making. Organizational
Behavior and Human Decision Processes 43 (3): 301-335.

- Describes an experiment with a simple economic system in which subjects systematically generate
costly oscillations. Estimates decision rules to characterize subject behavior. Finds that people
systematically ignore -feedbacks, time delays, accumulations, and nonlinearities. - These
misperceptions of feedback lead to poor quahty decisions when dynam1c complextty is htgh

Sterman, J. D. 1989. Modeling Managenal Behavior: Mtspercepttons of Feedback in.a Dynamtc
Decision Making Experiment. Management Science 35 (3): 321-339. -~ .

- Analyzes the results of the Beer Distribution Game. Misperceptions of feedback are found to cause
poor performance in the beer game, as in other experiments. Estimates of the subjects’ decision
- rules show they ignore time delays, accumulations, feedbacks, and nonlinearities,

SELECTED APPLICATIONS OF SD

Levin, G., G. B. Hirsch, & E. B. Roberts. 1975. The Persistent Poppy A Computer-Atded Search for
Herotn Policy. Cambridge MA: Ballinger. .

Examines the interactions within a community among drug users, the poltce and Justtce system
. treatment agencies, and the citizens. Analyzes policies designed to restore the community's health.
Levin, G., E. B. Roberts, G. B. Hirsch, D. S. Kligler, N. Roberts, & J. F. Wilder. 1976. The
Dynamics of Human Service Delivery. Cambridge MA: Ballinger.
Presents a generic theory of human service delivery, with case studies and examples drawn. from
mental health care, dental planning, elementary education, and outpatient care. -
Cooper, K. G. 1980. Naval Ship Production: A Claim Settled and a Framework BmlL Interfaces 10 (6):
December.

An SD model was used to quantify the causes of cost overruns in a large military shipbuilding
project. One of the first and most successful appllcauons of system dynamics to large-scale project
management; initiated a long line of related project modeling work.
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Jensen, K. S., E. Mosekilde, & N. Holstein-Rathlou. 1985. Self-Sustained Oscillations and Chaotic
" Behavxour in Kidney Pressure Regulation. In Laws of Nature and Human Conduct, ed. 1. Pngogme
& M. Sanglier. Brussels: Taskforce of Research Infromation and Study on Science. -

Presents a system dynamics model of the dynamics of rat kidneys. Expenmemal data show

previously unexplamed oscillations, sometimes chaotic. The model: explams how these
» ﬂuctuauons arise. Excellem example of SD apphed to physiology. -

Homer 1. B. 1985, Worker Burnout: A Dynamic Model w1th Imphcanons for Preventlon and Conlrol
System Dynamics Review 1 (1): 42-62. -

Explains how knowledge workers can expenence cycles of burnout through a s1mplc system
dynamics model. Avoiding burnout requires that one work at less than maximum capacity.

Homer, J."B. 1987. A Diffusion Model with Application to Evolvmg Medical Technologles
Technological Forecasting and Social Change 31 (3):1197-218.
Presents a generic'model of the diffusion of new medical technologies. Case studies of the cardiac

pacemaker and an antibiotic illustrate how the same model can explam the dlfferent diffusion
dynamics of successful and unsuccessful technologies.

Gardiner, L. K. and R. C. Shreckengost. 1987. A System Dynamics Model for Estimating Hercin
Imports into the United States. System Dynamics Review 3 (1): 8-27.

Describes how the CIA used SD to estimate the illegal importation of drugs to the US.

Ford, A. & M. Bull. 1989. Using System Dynarmcs For Conservation Pohcy Analys1s In The Pacxﬁc
Northwest. System Dynamics Review 5 (1): 1-15.

Describes the use of an extensive SD model of electric power generation with endogenous demand.
The model is used to evaluate strategies for conservation and new generation capacity. Includes
discussion of implementation and integration of the SD model with other existing planning tools.

Sklar Reichelt, K. 1990. Halter Marine: A Case: Study of the Dangers of Litigation. (Working Paper
No. D-4179). System Dynamics Group, Sloan School of Management, MIT, Cambridge MA.

* A case-study illustrating the use of system dynam1<:s in lmgauon Smtable for classroom teaching.

Abdel-Hamid, T. K. and S. E. Madnick. 1991. Software Project Dynamlcs An Integrated Approach.
Englewood Cliffs NJ: Prentice Hall.

Integrated SD model of the software development process. The model covers desngn codmg,

reviewing, and quality assurance; these are integrated with resource planning, scheduling, and
management of software projects. Includes full documemauon validation, and policy tests.

Sturis, J., K. S. Polonsky, E. Mosckilde and E. Van Cauter. 1991. Computer Model for Mechanisms
Underlymg Ultradian Oscillations of Insulin and Glucose. American Journal of Physiology 260
{Endocrinol. Metab. 23): ES801-E809.

New experimental data show that the human glucose/insulm system is inherently oscillatory. An
SD model explains these dynamics. The model is validated against detailed physiological data.

Naill, R. F. 1992 A System Dynamics Model for Nauonal Energy Policy Planning. System Dynamzcs
Review 8 (1) 1-19.

Naill, R. F., S. Belanger, A. Klinger, & E. Peterson. 1992 An Analysis of the Cost Effecmeness of
uUs. Energy Policies to Mitigate Global Warming. System Dynamics Review 8 (2): 111- 128.

Reviews the 20 year history of the SD energy models used by the US Dept. of Energy to forecast

“-and analyze policy options for national energy secunty, mcludmg the impact of US pohcnes on
global climate change.

Homer, J. B. 1993. A System Dynamics Model of National Cocaine Prevalence. System Dynamics
Review 9 (1): 49-78

An excellent model of the interacting dynamics of addiction, policy-seuing,;ahd'enfo'rcemem.
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CROSS-FERTILIZATION AND COMPARATIVE METHODOLOGY

Meadows, D. H., & . M. & Robinson. 1985. The Electronic Oracle: Computer Models and Social
Decisions. Wlley and Sons.

Comparative assessment of the underlying assumpuons, boundary hmrtatrons, and uses of different
models, mcludmg optimization, simulation, and econometrics. Offers guidelines for assessing
model assumptrons, mcludmg ways to recogmze the 1mplrc1t biases of each modelmg paradigm,

Sterman, 1. D. 1985. The Growth of Knowledge: Testing a Theory of Scientific Revolutions with a
Formal Model. Technological Forecasting and Social Change 28 (2): 93-122.

Presents a formal dynamic model of TS Kuhn's theory of scientific revolutions.

Sterman, J. D, 1988. A Skeptic's Guide to Computer Models. In Foresight and National Decrszons, ed.
L. Grant: 133-169. Lanham MD: University Press of America.

Reviews different modeling methods and their underlying assumptions in nontechnical language.
Provides a list of questions model users should ask to. assess whether a model or method are
appropriate to the problem. ,

Allen, P.- M. 1988. Dynamic Models of Evolving Systems. System Dynamics-Review 4 (1 2) 109-
130.

Reviews approaches to nonlinear dynamics, self-organization, and: evolution developed in the
Brussels school by Prigogine, Allen, and others. Provides 111t1st1'atlons and examples.

Powers, W. T. 1990. Control Theory: A Model of Organisms. System Dynamics Review 6 (1): 1-20.
An explicit feedback control perspective on perception-and decision making in living organisms.
Argues the behaviorist and cognitive paradigms have fundamentally misunderstood the concept of

.- feedback. For Powers, feedback allows organisms to control perceptions by -altering behavior. -

Radzicki, M. J. 1990, Methodologra Oeconomiae et Systematis Dynamis. System Dynamws Review 6
(2): 123-147. . .

Surveys the institutionalist paradigm in economics and argues that system dynamics is compatible
with the institutionalist perspective. The SD approach offers a means by which institutional
- theories can be formalized and tested.

Kim, D. H. 1990. Toward Learning Organizations: ]ntegratmg Total Quality Control and Systems
Thinking. (Working Paper No. D-4036) System Dynamrcs Group, Sloan School of Management,
MIT, Cambridge MA.

Argues that SD and Total Quality Management are complementary approaches to 1mprovement and
- organizational learning. Systems thinking and modeling are needed to speed the 1mprovement cycle
for processes with long time delays.

OTHER THEMES' PULLING THE THREADS TOGETHER

Meadows, D H. 1989. System Dynamics Meets the Press. System Dynamzcs Review 5 (1): 68-80.

Reviews the history of encounters between SD and the media. Offers guidelines for effective
communication to the public at large. Stresses the 1mportance of commumcatmg even the
“simplest system concepts

Richardson, G. P. 1991, Feedback Thought in Soczal Science. Umversrty of Pennsylvama Press

Traces the history of the concept of feedback in the social sciences through two threads of thought -
the cybernetic and feedback threads. System dynamics is placed in context in a readable and
scholarly manner.

Meadows, D. H. 1991. The Global Citizen. Washington DC: Islandk Press.

A collection of Dana's syndicated newspaper columns applying system dynamics principles to
problems of everyday life, from organic farming to the fall of the Soviet Union. Emphasizes
environmental issues.
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Cooper, K. and W. Steinhurst, eds. 1992, The System Dynamics Society Bibliography. System
Dynamics Society. Available from Julie Pugh, 49 Bedford Rd., Lincoln MA, USA 01773.

Lists over 3,000 system dynamrcs journal articles, books, conference proceedings and working
papers. Available in computer-readable format and compatible with bibliographic software.

GAMES

The Beer Distribution Game

This simple four-stage production-distribution board game provides many students with their first
exposure to system dynarmcs Illustrates how structure determines behavior. Instrucuons videos,
analyses, and interpretive papers are available from John Sterman at MIT,

STRATAGEM. D. L. Meadows, UNH, Durham NH.

Interactive computer-supported board game. Each team manages the development of a nation over a
century, including population and agriculture, energy, industry, pollution, ‘and foreign trade.
Widely used around the world as an introduction to issues of sustamable development

* Fishbanks Game. D. L Meadows, UNH, Durham NH.

Computer supported board game in which players manage a frshery Illustrates prmc:ples for
management of renewable resources. Widely used in education; certified by the US Dept. of
Education. Easy to play by everyone from high schools students to government officials..

People Express Management Flight Szmulator J. D. Sterman, MIT Sloan School of Management,
‘ Cambridge, MA.

An interactive simulation exercise that gives users first-hand experlence at the controls of the airline
company. It illustrates feedback effects and non-linearities at work, prov1d1ng pamelpants with an
experiential learning opportunity. ; ,

SOFTWARE

DYNAMO. Pugh -Roberts Assocrates Cambndge MA.

“The first wrdely -used computer language developed to simulate system dyllamlCS models,
"DYNAMO is still in use, available for mainframes and PCs. Many of the models in the system
dynamrcs literature were simulated in DYNAMO

"STELLA and ithink. High Performance Systems Hanover NH.

« - User-friendly modeling software with full graphical interface. Models are entered graphlcally, at the
level of the stock and flow diagram. Widely used in education from elementary school up; also
used in research and. practice. :

Vensrm ‘Ventana Systems Harvard MA.

~ Powerful simulation environment for SD models. Runs on workstations and PCs. Includes array
capability and a wide range of features for: analyzmg model behavior,

Microworld Creator and /4. Microworlds Inc., Cambridge MA

Easy to use environment for simulation and gaming. S, the 'industrial strength‘ version,
supports arrays and includes diagnostics for analyzing behavior. Both Creator and $ support user-
defined information displays and facilitate rapid development of management flight simulators.

SYSTEM DYNAMICS '93 . T 475






