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Abstract

Technology provides a framework for problem solving which the educational endeavors for learning
about technology must also incorporate. Most problems in current day world are, however, unforeseen
and not amenable to being addressed through an inventory of Stuational solutions. Technology aso
having many facets, the education of technology requires a multi-disciplinary gpproach that should unify
knowledge and offer a common vehicle for recognizing and andyzing complex problems. The proposed
paper examines the experimental process of system dynamics as a possible learning vehide for multi-
disciplinary education on technology. The heuristical procedure of syssem dynamics is compared with
Kolb's model of learning. The various tasks needed to be performed in the implementation of the
learning process and the competencies required to be inculcated for performing those tasks are
discussed.
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Introduction

The concept of multi-disciplinary education is not new. All education was multi-disciplinary when the
Sze of organizations we dedt with was rdaively smal. The appearance of specidizations was most
likely a part of the process of growth and differentiation in the sze of these organizations and their
complexity. However, with growth in Sze and complexity, the need to integrate inevitably appeared,
which again made multi-disciplinary education necessary. Thus, while medieva scientigts invariably
acquired multi-disciplinary skills, modern sciences have tended to be compartmentaized. The notion of
multi-disciplinarity appeared in the modern science in 1930's when Norbert Wiener introduced the
concept of cybernetics deding with the systems formed in man-machine interaction. The scope of this
interaction expanded considerably when the need to ded with the complex problems arisng from the
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interaction of the economic and societal decisons with the built and naturd environment reactions came
to fore in the working of large-scale systems.

It should, however, be observed that early efforts to introduce multi-disciplinary andyses were shunned
by the established specidizations in stience. Cybernetics was gpplied to industrid problem solving
much after Norbert Wiener died. And Jay Forrester’s efforts to integrate economic, demographic and
environmentd agenda into forma models of problems met with intense resstance from the neo-classca
economics in the 1970s when technologica optimists believed that both backstop resources and the
technologica potentid to tap them were unlimited, dthough this bdief could not be supported by the
physcd laws. It is perhaps a human fdlibility that, irrepective of the logic of facts, a distant problem
cannot be foreseen unless its symptoms gppear. Now that the ecologicd capacity of the world has
already been exceeded, the problem of limits is not distant any more and the need to ded with the
abdract sysems formed through the interaction of society, built environment and natura environment
through multi-disciplinary andysis has become critically important [Saeed, 1994].

This paper carefully examines the classcd system dynamics practice in the context of human learning
process and attempits to explicitly state an implementation procedure that should enhance the use of
modding as a thinking companion a a wide scde. A generic mode of learning is used to ddineate the
principles of conduct of system dynamics modding. Further, the various activities cdled for are grouped
into a set of four core competencies, which are based on four key human abilities. The organizing
principles that must be superimposed on the learning abilities to ddiver the core competencies are aso
discussed. A clear statement of the principles of the learning process in system dynamics practice should
transform system dynamics modding fom an art learnt mostly through apprenticeship of experts to a
wisdy used technology of learning for new liberd education that must combine engineering and liberd
atsin amultidisciplinary framework.

System dynamics as a technology for learning and problem solving

Since its introduction dmogt forty years ago by Jay Forrester, sysem dynamics method has been
goplied to a variety of pursuits, ranging from advanced research in universities and research
organizations, to braingorming in boardrooms, to classoom learning in pre-college education, to
sysems thinking for everyday use. Since the quest for learning is a common denominator in dl
goplications of systlem dynamics, the versdtility with which it gppears to have been gpplied should offer a
great promise for creating a learning continuum for mankind extending from cradle to grave. Evidently,
this promise is yet to be redized. System dynamics, however, remains a mysterious art, which must be



learnt through paingtaking apprenticeship of the people who have themsdves learnt this art through
amilar gpprenticeship. Acquired through persond sdf-learning initiatives from the books and articles
currently in print, system dynamics often yields writing computer codes for causal and associationbased
relationships and using the models so created for forecasting. Needless to add that few people can
mugter the dedication and the perseverance needed to learn and teach system dynamics through
goprenticeship, hence it remains a limited art ingtead of having become awiddy practiced craft in spite
of its promise for supporting a wide spectrum of learning activities.

When learnt from written word without the benefit of gpprenticeship, system dynamics gppears to
subsume a large variety of heterogeneous practices, with an equa variety of expectations from its use.
These expectations vary from providing point forecasts of events, to creating microworlds of concrete
sysems, to making mentd maps, to getting magica indghts into problems, to finding shortcuts to an
ocean of wisdom. This variety of system dynamics practices has rather created an abundance of models
without meeting the expectations pinned to those modds. Evidently, a common set of precepts guiding
the modeling process is yet to be delineated in terms of a clear Satement of the organization of the
learning process in system dynamics practice and the core competencies needed to be developed for
carrying it out [Doyle 1997].

Drawing on a generic modd of experientia learning developed by Kolb (1979, 1984), | have attempted
in this paper to outline the principles of conduct of system dynamics modeing whose exercise should
enhance its learning component. The tasks entailed in this conduct can be grouped into four basic
competencies, which extend from four common learning faculties we dl possess — watching, feding,
doing and thinking — but making a productive use of these faculties into creating good system dynamics
work requires superimposing on them certain organizing principles, which | have dso atempted to
define drawing on my own persond experience of extended system dynamics practice. These principles
areimplicit in the protocol of the classcd system dynamics method many of us seem to have learnt and
interndized through apprenticeship of Jay Forrester and his adherents, but they have not been succinctly
dated in the literature. An explicit Satement of these principles will, hopefully, facilitate the learning of
good system dynamics practice at a wide scale without the need for gpprenticeship. This should help the
task of trandforming systlem dynamics from alimited art to awidely practiced craft.

The classical system dynamics practice

The term system is used extengvely both in the context of science and mathematics. In the context of
science it implies natural and societd organiams which exist independently of how we view them. In



mathemdtics, however, a system necessarily implies an abgtraction visudized through perceptud and
methodologicd filters.  Although, it is impossible to see the naturd and societd systems in ther true
naturd form, the various methodologies following the principles of science atempt to define criteriato
create a consensus on how natural systems should be viewed, dbet only in terms of transcendentd
models.

The transcendental models of systems are dso divided into two classes. The firgt often termed concrete
systems concentrates on the common characterigtics of naturd and societd organisms, viewing them as
living systems. The second focuses on specific tinctions or problems and are often referred to as
abgtract systems [Rappoport 1980]. The open system defined by Ludwig von Bertadanffy belongsto the
former category [Bertaanffy 1968], whereas the closed system referred to by Jay W. Forrester belongs
to the later [Forrester 1968]. Thus, a syslem dynamics modd is an abstract system, conceptudized
around a pattern of behavior and it may not represent any concrete system per se.

The classcd system dynamics practice is amed at ariving a a clear understanding of how informetion
relationships in an abstract system cregate a problem behavior, so policies for system improvement may
be concelved. The procedure followed in the classical system dynamics practice creates a cyclica

learning process which cals for the development of a number of rather abstract concepts in a sequence
requiring use of both cognitive and physical skills, which are not clearly defined. A widdy recognized
view of this processisillusrated in Figure 1.

Empirica evidence is the driving force both for ddineating micro-structure of the model and verifying its
macro-behavior, dthough the information concerning the macro-behavior may resde in the higorica

data and that concerning the micro-structure in the experience of the people. Thus, the modding

process draws on both historical and experientid data.

The firg requirement of the method is to organize higorica information into whet is known in the jargon
as "reference mode." The reference mode leads to formulation of a "dynamic hypothesis' expressed in
terms of the important feedback loops existing between the decison eements in the system that create
the particular time variant patterns contained in the reference mode. The dynamic hypothess must
incorporate causa relations based on information about the decison rules used by the actors of the
system, and not on correlation between variables observed in the historica data
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Figurel A widely recognized view of classical system dynamics practice

A formd modd is then congtructed using the given rules of information structure and incorporating the
dynamic hypothesis dong with the other essential detail of the system relating to the problem being
addressed. The model structure must be "robust” to extreme conditions and be "identifiable" in the "red
world" for it to have credibility, where red world conssts both of theoretica expostions and
experientid information. A modd might undergo severd iterations in a cyclica processto arive a an
acceptable structure, and this process creates abasic "understanding” of the information relationshipsin
the system underlying the problem being addressed through an iterative learning mode it embodies.

Once a satisfactory correspondence between the model and the real world structure has been reached,
the modd is subjected to behavior tests. Computer smulation is used to deduce time paths of the
variables of the model, which are reconciled with the reference mode. If a discrepancy is observed
between the mode behavior and the reference mode, the modd Structure is re-examined and modified if



necessary, and this leads into to another cycle of behavior tests. This iterative process creates additiona
learning that further enhances "underganding” of the information relationshipsin the system and how they
yield the problem behavior. In rare cases, such testing might also unearth missing detail concerning the
reference mode, leading to a restatement of the reference mode, athough for most cases, the reference
mode ddlineated at the start of the moddling exercise must be held sacred.

When a close correspondence is smultaneoudy reached between the structure of the modd and the
theoretical and experientid information about the system, and dso between the behavior of the model
and the empiricd evidence about the behavior of the system, the modd is accepted as a vdid
representation of the system [Bell & Senge 1980, Forrester & Senge 1980, Richardson & Pugh 1981,
Saeed 1992].

Since there exidts large variability in the outcomes of the modding procedure described in Figure 1, in
terms of the learning and new knowledge it creates, its accuracy in representing the actua process
carried out by an experienced modeler is in question. It is indructive to look at a generic mode of
learning proposed by Kolb (1979, 1984) to identify the missing links in the prescribed procedure for
system dynamics practice o it becomes possible to represent it more accurately.

A generic mode of experiential learning

While there exis many views d the experientid learning process, a modd developed by David Kolb
aopears most rlevant to the system dynamics modeling practice [Kolb 1984, Hunsacker and
Alessandra 1980, Kolb, et. d. 1979, Kolb 1974]. Kolb percelves experientid learning in hismodd as a
four-stage cydeillustrated in Figure 2.

Four basic faculties - watching, thinking, doing and feding drive Kolb's learning cycle. For the learning
process to be effective, watching must result in careful observation of facts, leading to discerning
organized patterns. These patterns then must drive thinking, which should create a concrete experience
of redity. The implications of the concrete experience must be tested through experimentation
conducted mentdly or with physica and mathematica gpparatuses. Findly, this experimentation must be
trandated into abstract concepts and generdizations through a cognitive process driven at the outset by
feding, which would, in turn, create further organization for careful observation thus invoking another
learning cycle.
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Figure2 Kolb’smodéd of experiential learning

The learning faculties, according to Kolb's mode, reside in two basc human functions, physicd and
cognitive; each integrated aong two primary dimensions, which are dso illustrated in Figure 2. The first
dimengon, concerning the physica functions is passve — active. The second, concerning the cognitive
functions is concrete — abgtract. Thus, the faculty of watching is a passive physicd function, thinking a
concrete cognitive function, doing an active physcd function and fedling an dodtract cognitive function.
Since the mental congtruction of redity and its interpretation must filter unwanted information, each
faculty must be guided by certain organizing principles to effect learning. Additiondly, the learner is
required to shift congtantly between dissmilar abilities to creste opportunities for refuting the anomalies
that would gppear among the congtructs of each ability.

Even though the practice of sysem dynamics on the smplitic lines illudrated in Fgure 1 may not
appear to conform to Kolb's modd of the learning cycle, it is known to have created learning and new
knowledge, in cases when it has been carried out “skillfully,” by an “experienced modder.” Clearly,
Figure 1 dbes not fully describe the process actudly implemented when learning is created through
skillful system dynamics practice. Evidently, the experienced modeer implicitly goes through the steps of



alearning process that is not explicitly known. | have attempted to draw on Kolb's modd of experientia
learning to help me describe those implicit steps.

Creating learning cyclesin system dynamics practice

The oldest forma reference to the learning context of system dynamics | could find comes from
Professor Jay Forrester, who underscored this context as far back as 1971 when he wrote a brief note
to his Urban Dynamics modding staff emphasizing the importance of the modding process rather than
the modd it creates. This note concluded:

“In fact, for any particular red life implementation we can expect that there will be a series of modds
amultaneoudy exising and smultaneoudy in evolution. Different modds will address themsdves to
different issues. The various issues will become evolved and dearer. New issues will arise which require
new models, or combinations of modelsthat previoudy had existed separately. Rather than stressing the
sngle model concept, it gopears that we should stress the process of modeling as a continuing
companion to, and tool for, the improvement of judgment and human decison meking.” [Forrester
1985]

On the surface, two learning cycles gppear in the modeling process described in Figure 1, after a
reference mode that in itsdlf is an abstract concept, has been ddineated. Thefirst cycle corresponds to
the Structure vaidating processes and the second to the behavior vaidating Processes. The firg cycle
waks the modder through the condruction of a dynamic hypothess - modd formulaion - and
vdidation of modd sructure through comparison and reconciliation with the evidence. The product of
this cycle is a prdiminay modd, which is further tested through smulation experiments. The second
cycle requires going through the tasks of deduction of the modd behavior - and further comparison and
reconciliation to achieve its behaviord validity. The conduct of the two cycles in theory must create
enough learning about the abgiract system represented in the modd to issue a logicd basis for a policy
design for system improvement. In redlity, this basis can be created only by a handful of artful modelers,
who seem to possess a mysterious fed for the process. In my observation, the mysterious fed comes
from carrying out implicitly a number of steps, which conform closely to Kolb's modd of learning, but
which are not reported in Figure 1.

Firg of dl, the components of the so-cdled learning cycles in Figure 1 appear to lie mogly in the
cognitive domain and literdly moving from one to another, without an intervening physical process, is
bound to create artifactua modds removed from redity. Second, moving only within the cognitive
domain without the opportunity to touch basis with the physical domain will eiminate the opportunity to
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encounter anomdies that create learning opportunities. Since there exits evidence of system dynamics
practice having created a respectable amount of learning and new knowledge, some of us modders
evidently do not move directly from one abstract conceptudization to another without carrying out other
gepsimplicitly, dthough we are unable to report accurately how we make this move.

Caefully re-examining the sysem dynamics modeling practice in the backdrop of Kolb's modd of
experientid learning, | have atempted to represent in Figure 3 the physica and cognitive tasks an
experienced modder actuadly performs in the pursuit of learning through system dynamics practice.
These steps have seemingly gone unreported since they are learnt subconscioudy through painstaking
apprenticeship.

As stated earlier, al components of the cyclica process described in Figure 1 indeed fdl in the category
of conceptudizations lying in the abgiract cognitive domain and moving directly from one to another will
be unproductive from the standpoint of learning. To create any learning, moving from one abstract
conceptudization to another must involve a learning cyde caling on dl learning abilities as described in
Kolb's modd.

Thus, reference mode must be viewed as an abstract concept created by first drawing upon the
observation ability in the passve physica domain to examine historical evidence, which a the outset
becomes a bass for ddineating sysem boundary when processed through drawing on the thinking
ability in the concrete cognitive domain. An effort is made then to graph patterns to represent the
reference mode, which is an experimenta process in the active physical domain asking a number of
what if questions amed a understanding the behaviord implications of the system rdationships
represented in the modd. Findly, reference mode is conceptudized as a menta picture of a fabric
representing a multi-dimensond pattern in the abstract cognitive domain. The graphed time profiles
drawn in two dimension space rather poorly describe the multidimensond mentd image condituting
reference mode - like the graight lines representing dl two-dimensond objects in Abbot's flatland,
whose red shape can only be imagined [Abbot 1987]. The graphs we cregate are nonethel ess important
for congtructing a mentd image of the multidimensiond fabric the reference mode actudly is.
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The dynamic hypothesis represents an aggregeate intuitive gppreciation of the system lying aso dearly in
the abstract cognitive domain. Its formulation originates, however, in the passve physica domain where
role sysems are carefully observed. This observation is followed by the ddlineation of the feedback
gructure in the concrete cognitive domain, which creetes the basis for drawing the feedback loopsin the
active physical domain. A conceptua image of how those feedback |oops trandate into an archetypa

explanation of the reference mode condtitutes the dynamic hypothesis.

The gructurd vdidity of the modd formulated is, likewise, an abstract concept creating the confidence
that the modd structure indeed represents equivaent information processing norms in the rea world. Its
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gopreciation originates in the passve physca domain through recognition of the information processng
patterns discerned through experience, and literature descriptions. The information processing patterns
recognized lead to the formulation of the mentd image of the information Structure in the concrete
cognitive domain. This image is trandated through an experimenta assembly process into an explicit
modd, which is carried out in the active physcd domain and this provides the basis for the abstract
concept of sructurd vdidity.

The behaviord vdidity of the modd is dso an abstract concept bridging the gulf between the system
decison relationships and its behavior through use of deductive logic. It originates in the passive physica
domain through recognition of patterns in the model behavior. This leads to the credtion of the
experiment designs in the concrete cognitive domain to test the sengtivity of the modd behavior to
various assumptions and to refute anomalies observed. The reaults of this experimentation ddiver an
intuitive appreciaion of the behaviord vdidity of the mode, which resides in the abstract cognitive
domain.

Findly, the conceptudization of system improvement is an aogtract cognitive process, which likewise the
processes described earlier, originates in the passve physca domain through the observation of
possible entry points into the systlem. Experimentation to investigate these entry points is concelved in
the concrete cognitive domain. Experimenta exploration occurs in the active physcd domain and the
results of this exploraion are trandated into system improvement concepts in the abstract cognitive
domain.

The modeling practice represented in Figure 3 involves five successive learning cycles described above.
The shift from one cycle to the next occurs after the preceding cycle has yielded learning in its own
context. The shift actudly takes place when moving from the abstract cognitive domain to the passve
physica domain. Thefive cydes, thus, lie on aspird converging into system improvement.

In performing above tasks over the conduct of the five learning cycles, the modders draws upon both
physica and cognitive functions as in the case of Kolb's generic modd of learning. Also, the physicd
and cognitive tasks carried out in these cycles seem to appear dternately while they dso lie a the
opposite extremes of the continuums representing the physical and cognitive functions smilar to Kalb's
modd of experientid learning. It should be expected that system dynamics practice conducted in this
way creetes learning. Learning gets inhibited when above process is severely truncated from literaly
following the smpligtic procedure for system dynamics modeling reported in the literature which seems
to require moving between abstract concepts within the cognitive abstract domain of human functions.
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Core competenciesfor system dynamics practice and their organizing principles

The five tasks performed in each of the four domains of the learning system represented in Figure 3
seem to digolay common characterigtics trandated into the labels placed on the boxes representing the
various domans. The tasks peformed in the passve physcd doman have a common dement of
pattern recognition; dl those in the concrete cognitive domain seek system identification. The tasksin the
active physca domain fal into the category of experimentation. Findly, dl tasks in the abgiract cognitive
domain are conceptua and are labeled conceptudization. The core competencies for practicing system
dynamics are therefore defined as, pattern recognition, system identification, experimentation and
conceptualization.

The core competencies discussed above seemingly emanate from the learning faculties of watching,
thinking, doing and feeling in Kolb's modd. The acquistion of these competencies has aso been
difficult without the gpprenticeship of a master moddler snce what they entall is not clearly known. |
recdl a question from an undergraduate student while | worked as ateaching assstant in an introductory
course on system dynamics a MIT. He asked me what makes a good modd. | dso recdl my
somewhat artless but perhaps not inaccurate reply that making a good model was like learning to swim
or bike. The art of balance in those activities is acquired from carefully observing a biker or a swvimmer
and interndizing the process through practice. The same was needed in learning to build a good system
dynamics modd. The problem with this mode of learning, however, isthat it is limited, wheress, the art
leant might dso be highly sylized depending on the persond fixations trangmitted through
goprenticeship. It is not surprisng that there has appeared a large variety in the practice of system
dynamics while its growth is o greetly constrained by the gpprenticeship opportunities available.

While the core competencies and how they should be called upon for the conduct of system dynamics
practice has been illugrated in Figure 3, the organizing principles that must be superimposed on the
common learning faculties to yidd system dynamics core competencies dill remain largdy unclear. The
learning of these principles has to-date dso remained implicit in the process of pursuing system
dynamics through gpprenticeship.

| have attempted to reflect carefully on my own experience as a professond modeler to state explicitly
the organizing principles guiding the four key competencies involved in sysem dynamics modding —
pattern recognition, system identification, experimentation and conceptualization. Each core competency
is created by superimposing the indicated set of organizing principles on arelated learning faculty. These
principles, their relaionship with the learning faculties commissioned, and the respective products
delivered areliged in Table 1.
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KEY

CORE LEARNING ORGANIZING
COMPETENCE FACULTY  PRINCIPLE OUTCOME
pattern waiching a) time horizon a) time patterns
recognition b) decision space b) decision patterns

C) bounded rationdity ¢) information flow petterns

d) time horizon d) modd behavior patterns

€) parameter interpretation  €) policy sengtivity petterns
system thinking a) purpose a) system boundary
identification b) causation b) feedback structure

C) stocks/flows C) information structure

d) vdidity criteria d) experiment design for vdidity

€) policy space €) experiment design for policy
experimentation doing a) multiple modes a) graphs of time patterns

b) diagramming tools b) causd diagrams

C) software structure ¢) model assembly

d) smulation d) sengtivity scenarios

€) Smulaion €) policy scenarios
conceptudization  feding a) fabric a) reference mode

b) archetypes b) dynamic hypothesis

c) redity checks C) dructurd vdidity

d) deductive logic d) behaviora vdidity

e) feedback €) sysem improvement
Tablel System Dynamics Core Competencies, Relevant Learning Faculties and their

Organizing Principles

The ill of paitern recognition slems from the fundamenta learning ability of observation. It ddivers
organized perceptions of what is observed. The key organizing principle for delivering time patterns is
the desgnation of an gppropriate time horizon. Different patterns will often dominate different time
horizons. Depending on whét is the time horizon of interes, irrdlevant paiterns must be filtered out and
relevant patterns highlighted.
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The key organizing principle for delivering decison patterns is the perception of the decision space in
which the actors can be seen to play ther roles. Structure outside of this space must be perceived as
environment represented by a parameter set. Likewise time horizon, the gppreciation of decison space
should help to filter out irrdevant decison processes and include the rdevant ones in the system
boundary. The organizing principle for delivering information flow patterns resides in the recognition of
the bounded information sets in which we operate. All information in the system is not avalable a dl
decison points. Petterns of bounded information flow must be carefully discerned to accurately
represent the information flow process. As in the case of discerning time patterns in the red world, the
recognition of an gppropriate time horizon is the key organizing principle dso for discerning patterns in
the model behavior. Findly, the aaility to interpret parameters as policy levers will guide the observation
of the policy sengtivity patternsin the syslem under study.

The skill of system identification is a manifestaion of thinking in a concrete framework. It ddivers the
boundary of an abstract system, which does not have any concrete existence, through the organization
of a purpose for the modding exercise. An gppreciation of the cause and effect relationships helps to
conceive feedback structure. The organization of stocks, flows and generic processes helps to concelve
information structure. Vdidity criteria delivers a design for vaidity experimentation and a recognition of
the policy space from the point of view of the model user leadsto the creation of a productive desgn for
policy experimentation.

Experimentation is a function of the faculty of doing, which resdes in the active physcd domain. An
gopreciation of multiple modes helps to separate different modes of behavior while graphing patterns.
The organization of the diagramming tools ddivers causd diagrams. The software icons and
specification rules creste a mode assembly, while knowledge of the smulation process helps to create
accurate and error-free behaviora deductions from the modd structure.

Findly, abstract conceptudization sems from the faculty of feding. A focus on a multi-dimensond
fabric rather than isolated graphs helps to conceive reference mode; the recognition of archetypd
dructures ddivers dynamic hypothess; redlity checks ddiver sructurd vdidity; deductive logic ddivers
behaviord validity; and the perception of feedback helps to conceive designs for system improvement.

While most experienced modders would recognize the organizing principles dated in Table 2 as an
integra part of what they practice, most would be unable to explain how they learnt them. The task
ahead is to develop further text and exercises that should facilitate the learning of the above principles
and putting them to practice.
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Conclusion

System dynamics is a promising technology for the new liberd education that has become increasngly
inter-disciplinary, since it dlows the creation of experimentd gpparatuses representing systems whose
boundary extends across disciplines. There has, however, gppeared condgderable heterogeneity in the
practice of system dynamics, whose extent is coterminous with the variety of its applications. It appears
that the variety of system dynamics practices are devoid of a common set of precepts, and lack
fundamentd organizing principles or a tatement of core competencies that should harmonize them.

System dynamics mode building has often been likened to an art, learnt through apprenticeship rather
than from books and this has created considerable heterogeneity in system dynamics practice aswdl as
alarge variety in the expectations from its use. The core set of skills needed for the practice of system
dynamics is not clearly defined, hence acquiring them is difficult. Using a widdly recognized modd of
experientid learning, | have attempted in this paper to outline the correct way to practice system
dynamics that should create learning. Also outlined are the core competencies needed for system
dynamics practice and the organizing principles of each of these competencies, which should facilitate
learning them. Further work is needed to device teaching materids and exercises that should hdp to
learn these principles without having to go through the apprenticeship of an expert. Implemented as a
learning system and taught as a set of core competencies, system dynamics can be gpplied quite widdy
as an educationa process.
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