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A.B S TRACT 

The procesn of attaining a userul model embrace8 the conceptualization, for­
mulation, and testing· stages. 

This paper argues that effective conceptualization can be achieved through 
a dynamic hypothesis (that is, a chosen time. development or interest and 
hypotheses about the underlying mechanisms). 

'fhe resulting rough, conceptual model should tberi be improved gradually through 
a recursive procedure where the model is tested, redesigned and tested again,. 
in as many ways as ponsible and ns long as is reasible. 

The paper attempts to structure the hazy topic or model construction by defi­
nine a munbcr of terms, nnd pre,;ents lints of dysrunctionnl tendcncie~ in 
and euidelines Cor model construction • 

.. 
An early version of this paper was presented at the Soviet-American Conference 
on Social Simulation, Sukhumi, Geor!lia, USSR, October 17 - 21!, 19'(3. 
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I N T R 0 D U C T I 0 N modeling process is likely to eliminate that misconception, as well as other 

The need tor 

g u i d e 1 i n e s t o r m o d e 1 c o n c e p t u a 1 i a a t i o n 

In spite of the existence of innumerable social system models, there is 

not much available literature, and probably not much knowledge extant, about 

the process by which such models are constructed. llow is a problem chosen? By 

what process does one choose the model variables? How does one achieve a use-

fill perspective on the problem area? How does one succeed in capturing in a 

relatively simple model the essentials of a complex, real-world phenomenon? 

Models are, nearly without exception, presented in "final" rorm, as though a 

thing as The Uodel exists and as though the process of arriving at a fruitful 

description of some aspects of reality is etraightrorward and not worthy of 

explicit attention. 'l'he lack of information about the modeling process, par­

ticularly its first stages, 1 is probably due to the "pre-scientiric" state 

of the art or model conceptualization and formulation. The conceptualization 

phase, in·particular, seems to be governed largely by intuition, inspiration, 

and luck. The difficulties a1·t: particularly extreme in the modeling or social 

. problems, because the modeler must represent aspects of the real world that 

cannot be easily observed and measured, and because social systems are more 

complex than physical systems. 

Due to lack of information to the contrary, the sequences of presentation 

in published l'apcre describing models are conunonly mistaken ror the actual 

steps in the creation or those models. More study and description of the 

1. I see the model development process as conoisting of three major phases: 
concepLualizntion (obtaining a perspective on and mental understanding of 
the real-w~rld.phenomcnon); model formulation (representing the acquired 
understand1ng HI some formnl language); and model testing (subject in~ the 
ronnul model to various tests and criteria of acceptability). ' 

barriers tq effective modeling, and also to provide guidelines for model con-

etruction to t~e lese-experienced, 

To make model conceptualization less of an art, more efficient, and even-

tually, a subject that can be taught, modelers must consciously analyze the 

process and how it can be performed effectively. The accumulation of such know-

ledge presupposes, at the minimum, agreement on the meaning of "conceptuali­

zation," and on some defined terms in which to couch the discussion. 1'his 

paper presents a framework for description and analysis or model conceptuali-

zation, which may serve to orient further work in the area, The presentation 

of a foundati<!ln for analysh of conceptualization is justiried by the dearth 

_of earlier publications with this goal. 2 The paper also outlines an apparently 

erfective procedure for constructing social modelo. 'rhe suggested procedure 

is certainly not the only possible approach; further experience and renearch 

will have to show whether it is preferable. Finally • some guidelines are ad-

vanced· with the intent of further aiding the modeler in his conceptualization. 

The recommended procedure and the guidelines should be viewed as examples of 

how to proceed in the unexplored area of model conceptualization, Each must 

obviously be refined to ilnprove the chances of success ror the inexperienced 

modeler, 

De s e r i p t i v e, g en e r i c, d y n am i c m o d e 1 a 

In the most general terms, a model is c;onstructed in an attempt to in-

crease understanding of the real world, often to facilitate control of the 

human environment. On a less aggregate level. a multitude of different objec-

2. 'rhe author's unpublished doctoral dissertation Con~e tualizin 
Models or Socinl Systems: Lessons From A Study of Social Change 
Sloan School of Management, M.J.T., September 1973) reviews the 
literature on conceptualization. 

namic 
A.P. 

existing 

~~.~ .......... ~ .... - ............... _wiif; __ _ 

1
:. 

• 

.. I·' ' .;: 
. .i 



- J,J7 -

tives may inspire efforts at model construction: for example, descripti?n; 

design; prediction; optimization; management; training or_ education; detection; 

reduction of uncertainty; and aggregation. Any model vill satisfy all of these 

objectives to a certain degree; however, tbe typical model satisfies a few 

objectives to a larger extent than others. The utility of a model is deter­

mined by how well it satisfies the ob,jectives selected as important by the 

user. Consequent;ly, the utility of a model cannot be objectively asnessed 

without prior agreement on which objective the model is to serve, Furthermore, 

without agreement on objectives, it is impossible to decide whether a given 

modeling approach io having increasingly better results, Which among various 

uvaiJable modeling strategies will be optimal depends on the chosen set of 

mod<:!l objectives. One conceptualization procedure may well be productive in 

obtaining one type of model, but not another, 

•rtte substunce of this paper is most relevant for construction of one 

· pat·ticular type of model: the descriptive, generic, dynamic social system 

model. A descriptive model, representing some real-world phenome11on, is con­

structed t.o gain and conunw1icate inoight about the operation of that aspect 

of reality, aad to help control it. A generic motlel draws_ atLention to some 

structure common to a large class of real-world situations, omitting the spe­

cial aspects not characteristic of mont. membere of the class, A dynamic model 

ia designed to investigate developments througn time, Descriptive, generic, 

dynamic models of social problems help to eltplain the typical behaviour modes 

of a· syotem, not to predict its exact state at some specific point in time. 

Such models also contribute to the develo:pment of Letter policies, but they 

are not constructed to perform ·fonnnl optimization. 

_. 1!18 -

THEORETICAL FRAMEWORK 

T h e m e a n i n g o f c o n c e p t u a 1 i z a t i o n· 

Briefly, thE~ conceptualization phase of model ""''"tru<'tion entailo pro­

blt.m definition and creation of the central features of the model ad<ir<>ssing 

the chosen problem. Model conceptualization includes, for example, selection 

of a system oouitdary and level of aggregation, choice of a perspective on the 

simuJ.and,3 and identification of basic mechanisms and main vuriubles to in-

elude in the model. 

l''igure 1 presents another way of looking at conceptuulization, In mode-

ling, distinctions should be made between the real world under study, the 

. modeler's understanding of that part of reality, and the formal representat-ion 

(that is, the model) of his underotanding, Through the proeens of modeliug, 

the modeler gradually moves from contact with a poorly understood real phcno-, 

menan to possession of a formal representation of that situation. The process, 

usually highly iterative, includes two phases, In the complex, unsLJ·uctured 

conceptualization phase, the modeler achieves a "mental model," that is, an 

~pinion about the opet·ation-of the real world. Such insieht is a prerequisite' 

for formulating any model. The simpler formulation phase entails sel;tinf~ down 

the mental moilcl e,s a formal, accessible, written description. Actually, the 

modeling process passes through numerous recuroions into both phases. 

f'h";•tre_ 2 contains a third operational description of conceptualization. 

The list includes all the necessary activit_ies in the construction of descrip-

tive, generic, dynamic models. Concoptualization, a aummary term, eucompanscs 

the i'lr!.it eight aetivit.ies in the list, 1'he essence of the"" netivit.ies is 

3. 'l'he term "s.imu.laud," suggested by John McLeod, denotes the a:;pect of 
reuli Ly beiug oimulut.ed. 
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knowledge 
about and understanding 
of real world 

Negligible knowledge 
of real-world pheno­
menon of interest. 

Fo~MVLATION ____ _ 

a representation 
of the mental 
model 

Figure 1: The Modelbuilding Process Consists of 
TWo Major Phases: Conceptualization and 
Formulation. The Process Is Recursive. 

CONCEPTUALIZAIION ••••• 

--Familiarization with the general problem area 

-Definition of the question to be addressed 

-Exploration of real-world behavior and structure 
relevant to the question 

-Descripti~n of the dynamic behavior of interest 

--Development of organizin& concepts 

.,-Definition of system boundary through verbal descrip­
tion of system feedback loopa 

--Representation of feedback loops in causal diagraa 
form 

~Identification of system descriptors 

· t~oatulation of detailed model structure 
FORMULATION........... . 

--Specification of a set of parameter values 

I
-Testing of model assumptions 

TESTnm .... • .. • ·.. --s ;"'~lation to test m~del behaviour and sensi­
t~v~ty to perturbat~ons 

--Experimentation with different policies 

FiguTe 2: The Activities Involved in Construction 
of Descriptive, Generic, Dynamic Models 

of Social Systems. 

Complete formal 
model of the 
phenomenon. 
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illustrated by the following example, which describes, in an idealized manner, 

the erection of the foundation for the World3 model of growth in a finite 

vorld.'
1 

Familiarization with the general problem of material growth in a physi-

cally finite vorld vas acquired through daily experience, news reports, and 

the literature. After. much thought, the question to be addresaed was defined: 

WiU human material activity adjust smoothly to the global carrying capacity 

or g~ through a period of overshoot and collapse? ~urther exploration led the 

modelers to emphasize the erodability of the carrying capacity (for instance, 

through soil erosion due to intensive agriculture, or destruction of the self-

cleanning capacity of the ecosystem due to excessive pollution). Such reduction 

in the earth 1 s ability to sustain its population cari result from over-.utili-

zation due to man'a tendency to delay the response while waiting for more 

knowledge about the position of physical constraints, 

'fhe possibility of collapse because of the excessive load placed on the 

physical environment drew attention to the dyno.mic behaviour sketched in 

FigJtre 311. 'l'he behaviour mode of overshoot and decline appeared to be a likely 

consequence of current trends. Since overshoot was judged unde.sirlible, it seemed 

worthwhile to investigate the causes of that behaviour and try to determine 

how a change in growth policies might achieve the gradual accomodatiou depicted 

in ~·igure 3b, Figures 3a and 3b together represent the reference mode of the 

global modeling study that culminated in the World3 model. 

. After developjng organizing concepts -- "human material activity, 11 "car-

"· F~trther description of the model and its conclusions can be found in D. H. 
Meadows, D.I .. Meadows, J. Randers, and W.W. Behrens The I.imita to Growth 
(!lew York: Universe Books, 1972), and in D.L. Meadows, W.W. Behrens, D.ll. 
Me11dows, R. Naill, J, Randers, and E.K.O. l'.ahn !he Dynamics of Growth in 
a Finite World (Cruubridge, Mass.: Wright-Allen Press, 197~) • 
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Figure 3: The Reference Mode for the Worldl Mocl<•.l of 
Phyuieal Growth in a Finite World. 
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eying capacity," and "delayed response" to the proximit:y ot constraints .. -

• the modelers were able to discuss more easily the question.addr~ssed. The con­

cepts also facilitated verbal description ot the following group of processes 

judged responsible for the reference mode: 

l. The level of humnn activity increases when there is room for 
expansion, i.e. U{lutilized carrying capacity. 

2. A sufficiently high level of human activity erodes the carrying 
capacity of the global enviro1went. 

3. 

"· 

There will be no response in the form ot deliberate reduction 
of run excessive load until after a delay, spent in data gathe­
ring and institutional change. 

Exceeding the carrying capacity forces an involuntary downward 
pressure on human activity -- for example, through starvation. 

The system defined by these interactions can be represented by the causal 

diagram in Figure li. The arrows and signs indicate the direction and polarity 

human 
activity 

\ 
voluntary 

+ 

Figure 4: 'l'he Baaic Mechanisms of the World3Model in Causal Diagram Form 

Jl>;iiiiA4l11 1 
r I'!• ''* n•i ,.....,.,. ""· •-• __ ,.,,., . .,.e-.•-
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·ot the depicted causal infiuence. The causal diagraa depicts the "basic aecha­

niams" of the Worldl model of growth toward finite limits; that is, the smallest 

set of feedback processes considered sufficient to generate the reference mode 

in Figure 3. 

'l'aken together, the reference mode and the basic mechanisms constitute 

the "dynamic hypothesis" of the study. An early task in the modeling process 

is to test the dynamic hypothesis, that is, to check whether the basic mecha-

nisms actually can generate the reference mode. 

Finally, a set of system descriptors vas identified. This set of levels 

(state variables), considered sufficient to describe the system under study, 

consisted of "Jluman activity," "carrying capacity," and •voluntary response to 

environmental pressure" (a measure of the willingness to control further expan-

sian of activity). The conceptualization process, summarized here rather un-

realistically as a smooth linear progression, finally did yield the mental 

model of the world as a finite system to which man must ultimately accomodate, 

and the dynamic hypothesis that accomodation may well occur through an over-

shoot caused by delays in perceiving imminent constraints. 

Formu.lation and testing 

In the same way that conceptualization -- reaching a dynamic hypothesis 

about the relation between a certain behaviour and a g~ven causal structure .--

is an iterative process, the en~uing formulation of the formal computer model 

proceeds in a recursive manner. Starting from a simple, initial conceptual 

~. encompassing little more than an aggregate description of the basic 

mechanisms, one gradually moves toward a more complete description. The concep-

tual model should, however, be sufficiently detailed to allow testing of the 

dynamic hypothesis. 

The formal computer model was constructed upon completion of the concep-

tualization phase. A complete representation of th<c postulated model structure 
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as it was included in the conceptual model, depicting the detailed 

choice of variables and their interrelations, is displayed in the DYNAMO flow 

diagram in. Figure 5,5 The flow diagram contains more inf~rmation than the 

causal diagram in Figure "· For instance, Figure 5 reveals the additional 

structural assumption that recovery of eroded carrying capacity i~ possible. 

Estimation of a set of parameter values for the structure entailed making 

a decision as to the strength of the various model relations and the length 

of the associated time lags. The parameter values chosen are specified in the 

DYNAMO equations in Figure 6, which provides a complete formal description 

of both model structure and parameters for the conceptual model. 

Figure 1 shows two simulation runs gene1·ated by the conceptual model. Run 

A verifi<:s the dynamic hypothesis, It shows that an overshoot in human acti-

vity actually can result from the structure depicted in Figure 5, Growth in 

human activity continues in this run until involuntary physical pressure for-

ces a halt, at a time when one is already above the sustainable level. Run B 

nhowo that the poa1Jibility ot' removing overshoot through anticipatory, voluntary 

attempts at halting growth before the sustainable limit is reached, 

Arter successfully running the conceptual 111odel, the.rnodelers began a 

long process of discovering and correcting errors and weaknesoes, and extending 

and elaborating the original model to obtain increnningly "better" models, 

Ultimately,. they arrived at a rnodel which appeared sufficiently Cl'edible to 

warrant experimentation to device improved policies for managing the world 

system. Approximately twenty person-years of gradual extension and elaboration 

of the conceptual ntodel led to the version of the model (called World3 and 

5. 1-lot·e information ubout the DYNA!40 flow charting conventions an<l. computer 
language is available in J,W. Forrester Industrial Dynamics, (Cambridge, 
Mass.: MIT Preos, 1961) and Alexander Pugh Ill .DYNAMO Users's Manual, 
(Cambridge, Mass,: MIT Press, 1973). 

.. ... 
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carry•na capachJ 
tr ... t•oA •rauh••l•~c) 

r•f•r•nce 
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Figure 5: DYNMIO Flow Diagram for the conceptual mo<lel underlying t.he 
World3 Model, 

·Levels, or physical quantities that can be measured directly, 
are indicated by rectangles -, rates that influence those 

a 

levels by valveG .. , and aulJ.liary variables t.hat influence 
the rate equations by circleu V . Time delays are indicated by 
sections within rectangles=:,:. Physical flown of peoplr,, goods, 
money, etc. are shollll by soli..t arrows__. and non-physical infor­
mation flown by broken arrows----1> • GloudsQ rcprenent sources 
pt· sinks that are not important to the model bellllviour. 
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• THREE LEVEL WORLD MODEL 
NOTE · 
NOTE HUMAN ACTIVITY SECTOR 
L HA.K•HA.J+DT•NI~JK 

• N lfA~HAI 
C HAI•l.6E9 
R NI.KL•HA.K•RNI•NIMP.K 
C RNI•.0055 
A NIMP.K•CVRP.K+IEP.Kl 
A IEP.K•TABLECIEPT,PPE.K,0,3,.5l 
T IEPT•l.S/1.5/1.0/0.0/•1.0/·3.0/•10.0 
A VRP.K•DLINF3(1VRP.K,SAO) 
C SA!l• 30 . 
A IVRP.K•TABLEC IVRPT, PPE.K, O, 3,.5) 

'T IVRPT•I.0/1~0/0.0/•.5/·1.0/•1•0/•1.0 
A PPE.K•HA.K/~C.K 
NOTE 
NOTE CARRYING CAPACITY SECTOR 
L CC.K•CC.J+DT•(RG.JK•DG.JK) 
N CC•CCI 
C CCI•7.SE9 
R RG.KL•CCRCC•CC.K)/RGT.Kl 
C RCCal.OElO 
A RGT.K•TABLECRGTT,CCC.K/RCCl,O,l,.Sl 
T RGTT•400/100/50/I,0/30/30/30 
R OG.KL•CC.K•ROG•DMA.~ 
C ROG•.OOJ, 
A DI~A. K•TAB LE ( 0~1AT I (II A. K/IIA I ) • 0, 10, 1) 
T DMAT•l/l/2/3/l,/6/10/18/3b/50/80 
NOTE 
NOTE 

. SPEC 
PLOT 

'N 

CONTROL STATEMENTS 
'DT•.5/LENGTH•O/PLTPER•l0 
HA•H(O,l6E9)/CC•C(0,7.SE9l 
TIME•l900 

Figure 6: DYNAMO Equations for the conceptual model underlying the 
World3 model. 
('l'he equation numbers to the· left correspond to the 
numbers on the flow diagram elements.). 
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shown in Figure 6) that vas published •. Figure 9 0 shoving two World] runs, shows 

how the reference mode is still intact even though World] has· twenty-one levels 

versus three in the conceptual mode~. The increased detail simply makes the 

concepts sharper and the structure richer in "realistic" relations, 'fhe basic 

structure of the expanded World] model is still similar to the conceptual model 

in F'igure 5, although the ·world] structure nov appears in a leas aggrellate, 

more "realistic" (and confusi!!g) form. 

A CASE STUDY 

An actual modeling process 

The above discussion has illustrated the fpll range of activities involved 

in descriptive, generic, dynamic modeling, Typically, the activities are per-

formed in other sequences, Often, several activities are performed simulta-. 

neously, One major goal of a theory of effective conceptualization would be 

the identification of the most productive sequence of activities and the pro-

per emphasis to be placed on different activities, 

1'he following description of one actual modeling project is intended to 

indicate the fumbling character of the process, to illustrate the difficulties 

encountered, and to make the ensuing abstract discussion of modeling more 

meaningful, ~'he modeling project focused on the general question of how socie-

tal beliefs and attitudes change in response to the deliberute action of a 

social movement otriving to spread new ideas, The project goal vas to construct 

a system dynamics model of the diffusion process .with the intent of i<lent i-

6 
fying more effective policies for movements seeking social change. 

6, A detailed description of the effort to model diffusion appears in Concep­
tualizinp, !4odels of Socinl Systems: Lessons from a Study of Social Change 
(op.cit.), 
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The progress of the first nine months of the effort is dt>pictcd in Fieure 

10. 'fhe f.it~ure illustrates the sequence of activities and the shift of empha-

sis throughout the period. The major characteristics of the effort was its 

iterative nature, represented by several attempts at obtaining an acccptnble 

model. The project progressed through several rounds of concept.ualiz.ation, 

formulation, and testing, Each run through the liot of activities wa:1 eventu-

ally terminated when critical evaluation of the current. nppro11ch found it 

wanting in some respect, forci~g a return to further conceptualization, Eleven 

different tentative models were construct.ed in this iterative fashion,. then 

discarded sllortJy thereafter, Some were abandoned at the cnunal diaernm otage, 

others only upon completion of a running model. Only the twelft.h appr·onch pas-

sed the various teut.s of relevance and completeness, and was judged to have 

potential t'or significant elucidation '?f the issue of social change, In other 

wor·ds, the twelfth attempt (labelled "Ngw IDF..A" in Fit,'llre 10) yielded a promi-

sing conceptual model. 'fhis model wns not considered a final pr·otltwt, hut it 

did embrace the baaic characteristics of a ,;good" end result. 

~'irst of all, the conceptual model contained n seemingly productive ,;et 

of busic mechanisms. Second, it appeared capable of addres!lint.: t.hc ius.1e ut 

a desirable level of complexity, 'l'hird, the model structure exhibited n rea-

sonable division between variables describing the movement itself (the "!~r·oup"}, 

the target for its activity (the "society"), and characteristics of the po·int 

of view promoted by t.he movement (the "idea"). 

'fhrough consecutive rounds of improvement (over n period of time subse-

qucnt to that in F'igure 10) the conceptual model was elaborated and extended 

into an iucrcusingly uueful model, Improvement alno requir·ecl conceptualization 

activitiec., but hardly to the extent needed to develop a sat isfnct.ory ccjncep-

tual moclel, 

. l"igures ll and 12 offer a per!lpectivt> on the gradual development of the 
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characteristics or the model" preceding and leading up to "NEW IDEA," Figure 

11 shows the trend in several measures of model complexity -- the number of 

levels (indicating the order of the system), number or major feedback loops, 

and the nmnber of non-linear relations in the model, The time trends in number. 

of levels, non-linearities, and major loops are similar, indicating an interes-

ting constant proportionality among the entities (approximately one loop and 

two non-linesrities per le~el), Starting from a simple model, the atudy passed 

through s phase of extreme complexity, then returned to increasingly simple 

models, Another period of complex models gave way to several simple models, 

"NEW IDEA" is located in this process where a third start was made toward more 

complex descri'pt.ion of the simuland, The graph might be interpreted as de3-

cribing a process approaching vis damped oscillations a goal of complexity 

equivalent to about ten levels, 

Given the large variation in model complexity and approaches attempted, 

Figure 12 shows an astonishing continuity in the relative emphasis put on the 

three elements of the simuland, The ultimate distribution of levels (33, 17, 

and 50 pe1· cent, describing group, idea, and society, respectively) is the 

end point of an evolution process in which an early emphasis on societal de-

scriptors gave way to a period of focusing on internal group processes, before 

more balanced model again prevailed, At the peak (Model Number 5), t.he study 

centered a.lmost solely on group processes; less than 10 per cent of the levels 

were related to society, '!'he dynamic description of the idea was always con-

strained to between 10 and 25 per cent of the levels • 

'l'he conotruction of a model is not a one-shot process, with one single 

objective to be achieved or not, Theory construction is a continuing iterative 

process toward an increasingly useful model, thereby satisfying the modeler's 

objective3 to an ever-increasing extent, A theory of effective model creation 

should impt·ove the consistency of this iterntive process. 

-
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SUGGESTED PROCEDURE 

G e n e r a 1 i z e d t e s t i n g 

Models become "better" through repetitive testing and correctio11 or weak­

nesses, But what criterion should be used to identify weaknesses? In the phy-

sical sciences, models have been successfully improved by comparing model-

based point predictiotll with quantitative observations. Physical models are 

evaluated solely on the basis of how well they predict detailed events at ape-

cified points of time. 'l'his procedure is not optimal for improving relatively 

simple models of complex social systems. Simple mo~els of complex.systems ex­

hibit a significant stocho.stic element, so there is little guidance to be ob-

tained from comparison of detailed model prediction and specific real-world 

observations. In upgrading social system model~, it may be better to employ 

a much broader set of model tests. In an alternative generalized testing pro­

~. all aspects of the model (not only model predictions) are tested, 

using all available knowledge (not only quantitative data). 

Generalized test.ing appears to be the obvious approach if the· modeler 

refrains from viewing statis10ical 0 quantitativ~ tests as the only guide to 

upgrading a model. Tests need not be restricted to only one characteristic or 

the model: for instance, its ability to predict pinpoint events for which 

quantitative data are available, Dynamic models have several other attributes 

that can be tested including: 

the capacity of the model to generate behaviour modes corre­
sponding to those of the simuland, both under normal and ex­
treme conditions; 

the plausibility of the individual structural assumptions 
(the variables ani! their assumed inter·relationa) chosen to 
represent the simuland; 

the plausibility of the munerical values chosen for the model 
parameters; anrl 

-- the completeness with which the model inclutles the mechanisms 
thought to generate the problem addressed. 

The rirst criterion comes into play only if the other criteria are already 

satisfied. An infinite set of models is capable of reproducing any t~iven 

collection 'or behaviour inodes. Therefore, a descriptive, dyntunic mdilel should 

not be .iudged useful unless the individual underlying aoswnptiuns exhibit clear 

relations to the analogous real-world mechanisms, even if the model is capable 

of reproducing observed behaviour, 

In judging how well ·a model meets the listed .criteria, the morlelcr need 

not restrict himself to the small fraction of knowledge available in a numeri-

cal form fit for statistical analysis. Most human knowledge takes a descriptive, 

non-qunnLit.ntive l'orm, and is contained in the experienee of thone fumitiflr 

with the system, in documenta!;ion of current conditions, iu dcseriptiono of 

historical performo.nce, and in artifacts of the system, A model should draw 

upon all sources of available knowledge. 

'fhc process of judging all aspects of a model in the light of available 

knowledge about the. simuland. is termed generalized testing, to indicate its 

breadth relative to the narrower process of test.ing a model's predictiv~ 

ability in terms of statistical tests, 

Generalized testing of a tentative model is a rigorous tastitoc; 

procedure. Models can be subjected to generalized testing at all stngeo of 

their construction, anil revisions undertaken vhenever the models fail to sa-

tisfy nome criterion, Other evaluative criteria can also be introduced: 

The model must be transparent (understandable), and mur.t gene­
rate endogenously the dynamic behaviour ot' intereat. 

'l'he individual asswnptions must be compatible with eHLnhlished 
knowledge, and form a consistent and plausible whole. 

The variables and parameters nnwt have independent real-world 
parallels. 

........ : J -·· 
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The model must have a clear focus and a balnaced emphasis on 
the relevant elements. 

Most tentative models do not satisfy theae criteria, and the selective process 

is more stringent if mod~ls that seem inelegant (for example by using too 

many variables to describe simple phenomena) are also rejected. 

Regardless. of modeling technique, the use of descriptive knowledge and 

intuition is indispensable in the initial conceptualization of a model~ Sub-

sequent upgrading may be divided into two stages: a first stage, where the 

modeler judges the model on the basis·of his knowledge of the real-world 

system; and a second stage, where the model is subjected to more formal tests. 

When dealing with descriptive models, it seems unreasonable to proceed to the 

second stage if the model does· not pass the first "conunon sense" tests·. Gene­

ralized t~sting embraces both methods of, model ·evaluation. 

A model structure that satisfies the criteria presented here is not neces-

sadly an incontestable description of reality; nor is it The Only Model. On 

the other hand, it is certainly not a random accumulation of assumptions, since 

most conceivable structures would be eliminated by unacceptable performance 

relative to one or more of the criteria. llaving survived generalized testing, 

a model acquire a certain stature and is ready for as many additional, prefe-

rably rigorouo tests as time and interest will sustain. 

A r e c o m m e n d e d 

sequence of modeling activities 

Generalized testing appears to be a strong, practical procedure which provides 

substantial guidance in the construction of descriptive, generic, dynamic mo-

dels of social nystcms. It can be employed at all stages of modeling and also 

during the early conceptualization. llowever, to create a new model, it is not 

sufficient to test and criticize an existing structure, The modeler must be 

capable of building new structures in the first place. 

- ""o -

A suggested approach to the problem of model construction is summarized 

graphically in Figure 13, The figure implies that some characteristics of the 

modeling process are likely to remain unchanged regardless of how well the· 

modeler masters his art. These characteristics include the iterative nature 

of testing ru1d correction of flaws (represented by the narrow oscillating 

curve), and the partly parallel performancepf all modeling activities. No 

amount of suggestions and prior lessons will transform modeling into a sequen-

tial execution of a set of activities requiring no repetition. The self-cor-

rective mechanism of recurring invention and testing is in fact desirable du-

ring problem definition, testing of the conceptuai model, and model improve-

ment, as long as the number of iterations remains reasonable. The recommended 

approach io merely designed to reduce the number of futile iterations by im-

posing some structure (represented by the broad band in Figu1·e 13) on the pro-

cess. 

'fhe modeling process ean be viewed as split into an initial modeling 

stage and an improvement stage. The goal of the initial modeling stage should 

. be to arrive at a rough conceptual model capable of addrensing a relevnnt 

problem. The initial modeling 11tage s~ould embrace two processes:. problem de­

finition (eventually a description of the dynamic behaviour to be stut.lied) 

and testing of the dynamic hypothesis (a preliminary cheek to see that the 

mechanisms included in the conceptual model actually reproduce the liynnmic 

behaviour of interest). The goal of the improvement stage should be to extend 

and elaborate upon the conceptual model until it is sufficiently veruatile and 

detaile<l to serve the model 1 s intended purpose. 

The modeler should begin by actually drawing the time pattern( n) of the 

major variables of interest. That is, he must select a process (observed or 

hypothetical), taking place through time, to represent the problem or pheno-

menon of interest: The chosen process should then be described in terms of the 

time-varying behaviour of certain key variables, ~nd sketched on a graph. 
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Only the mo~t general features of the behaviour should be recorded, 'rile de-

' picted dynamic behaviour of interest, termed the reference mode, serves as 

an approxima:te pictur·e of the expected output of the conceptual mode]., 'rhe r.ef'e-

renee mode is not necesnarily restricted to one time pattern; several charac­

teristic behaviours may be required to properly define the problem, For models 

of past phenomena, the reference mode should essentially consist of· the histo-

ricu.lly observed behaviour which the conceptuu.l model should re}>roduee, For 

.models of future situations, the reference mode should be the set of u.lterna-

tive development patterns which the conceptual model should be able Lo generate 

through vari~>t.ions in model parameters, The reference mode helps the modeler 

to define the problem with greater clarity; it determines the time horizon 

of the sLudy; and it al·ao hints at what causlll mechnuismo to· ineludn in the 

aonceptual model. 

Once a reference mode has been identified, the stage of problem definition 

is complete, In final form, the problem should be described in terms of a few 

selected time patterns (for example, represent inc; actual and desired bt>haviour) • 

'l'he ultimate definition of the problem decisively influences the reoult of the 

whole molleliug effort, Identification of a meaningful soluble problem aL the 

outset will preclude much unnecessary iteration. Only very tentative explora-

tory cnuual structures should be r.ketched out during this stage, The problem 

definition process should be strongly iterative, entailing simultaneously the 

four activities or familiarization, questioning, exploration, and identification 

of dynrunic behaviour • 

Having specified the dynamic behaviour of interest, and thereby the problem 

for study, the modeler should then identify the collection of fundmnenLal, 

real-wor.lU mechauioms uuaumcd oufficicnt to reproduce t.hc rt!fcrence mode. 'l'lle 

smallenL set of feedback processes considered sufficient to generate the re-

ference mode will be referred to as the basic meehanisms. 'l'he first s1;ep should 

·.~ 
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be the verhnl deacription of the basic· mechanisms. As many traces as possible 

of less important details should be excluded until only the basic atructure 

remains. Forcing himself to expresa·his assumptions in writing is an excellent 

way for the modeler to get rid of non-essential concepts, A quick sketch of the 

ba'sic mechanisms in causal diagram fonn may focus the modeler's thought.s.nnd 

help him to visualize the system boundary, The sketch should be very simple 

(few loops), describing only fundamental mechanisms, 

'l'he dynamic beimviour of interest -- the reference mode -- and the rela-

ted basic ntructure -- the basic mechanisms -- detennine in a precise way the 

aspect of reality to be studied. 'l'he reference mode forces the modeler to study 

a specific dynamic phenomenon rather than "describing a system." The basic 

mechanisms forre the modeler to address a meaningful whole at all stages· of 

model refitaement. Suhnequent models simply describe in more detail the funda-

meutal processes already present in the conceptual model, 

The belief that the basic mechanisms can actually reproduce the reference 

mode is still only an assumption until simulation of a model· embracing the 

mechanisms proves this dynamic hypothesis to be correct. 'l'he modeler should 

therefore build the conceptual model, consisting of the. basic mechanisms, and 

simulate (run) it to test the dynamic hypothesis -- that is to check whether 

the basic mechanisms can actually generate the reference mode. 

'l'he first step in formulating the conceptual, rough model should be iden­

tification of the system levels. The levels describe a set of indepewlent va­

riables, together sufficient to describe the state of the system. The modeler 

begins by compiling elements sufficient to describe the state of the closed 

system being modeled, The list should be complete. Redundancies are eliminated 

when the modeler selects the levels from among the list of elements, To ex-

tract a set of levels, the modeler should continually eliminate the remaining 

list entries that are not independent o.f the elements already chosen as levels, 

. After selecting the levels and the necessary associated rates, which govern 

change in the levels, the modeler should add the causal influences on the· rate::;. 

These causal influences capture the basic mechanisms which the model is RUp­

poaed to incl"ude. 'l'he modeler should be able to construct a OYNA~lO flow dia-

gram at this point, 

Next, the modeler should choose numerical values for table functions and 

time constant.s, Without belabouring the activity, he should then subject the 

completed structure to a first set of tests with respect to consistency, com­

pleteness, and reasonableness in its individual assumptions. If found snt.io­

factory, the model should be run to determine whether it actually reproduces 

the major characteristics of the reference mode. If the model fails in either 

of these two preliminary tests, its flaws must be corrected in a new it.eration. 

A new iteration may involve retracing all steps, beginning with an altere<l 

problem definition. When the model. passes both tests and aoldresses a problem 

of interest, the resultant model is worthy of entry into the improvement stage. 

'rhe improvement stage consists of a never-ending series of extensions and 

elaborations to increase model richness or realism.through changes in system 

boundary, level of aggx·egation. or det.ailed fonnuiation. In most <;ases, in1-

prov<~ment means making the model more complex, Since all models should be trans­

parent, care must be taken to include new relationships.only when they nrc neces­

sary for adding a desired behaviour mode, testing the effect of a policy, or 

attaining credibility with non-modeler users, 'l'he enrichm.,nt process must not 

be pursued to the point 1o:here the modeler can no longer grasp the connection 

between model ·assumptions and model output. During the improvement stage, the 

modeler may encounter powerful organizing concepts that muke possible the re­

formulation of the whole study in a simpler, more elegant form. Such concepts, 

n valuable by-product of modeling, should be actively sought at all stages of 

the modeling process. 

.~ 
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'J'hc reference mode acts as a catalyst in the transition· from general spc-

culation about some part of reality to the routine improvement of a given 

model strueture. 'l'his metamorphosis, manifested in the achievement of a con-

ceptual model, is the major creative step in modeling. Ouce the conceptual 

model is attained, the value of the reference mode in guiding progresG dimi-

uishes. The models obtained later, by improvement, will show a richer vari-

ety of behaviours than the original reference mode. 

Finally after extensive iterntion in the improvement stage, leading to 

a credible model structure and parametrization, the modeler may perform the 

policy experiments upon which hi a conclusion will, rest, Any conclusions should 

always be presented along with the model premises on which they are based. Th~ 

premises may be organized in the more easily understood causal fingram format. 

T Y P I C A L D I F F I C U L T I E S 

e o m m o n m i ~ t a k e s i n m o d e 1 i n g 

The modeling procedure outlined here may seem trivial· to the novice. 

However, the value of an explicit theory of model construction may become more 

obvious it' he will consider the following list of common mistakes which most 

modelers make. A good theory s.hould ameliorate these dysfunctional tendencies. 

• Tendency to ramble due to lack of an explicit goal 

The first task of any modeling study is to define the goal of the effort. 

Without no very clear objective it is impossible to decide what to include in 

a model, what aspect of reality to focus on, and when the result. is "good 

enough." 

- 111•6-

• •rendcut'y to make exccsoively complex models to avoid inadvertent omiaoion of 
important elements 

'J'hc nirnplenL and safest response to uncertainty about whether a ·variable 

is impurtant;, is to include it in the model. 'l'he modeler tl11•rehy evades chal-

lengiu~ hiu own ienoral)ce in an attempt to select only the ft1W importrurt fac-

tors. II" also avoids the accusation of omission. 

• 'l'endency t.o exclude too much detail subsequent to failures with ovPrly c<im­
.plex model" 

Jrr a field of inquiry devoid of guidelines, the modeler can learn onJy 

throu~,;h the nee;ative feedback of experience. In response to failurca with <>x­

cessive o:omplexity, the modeler makes simpler models. Lacking knowlcrlgc about 

what constitutes reasonable simplicity, he may well overreact and tl"'r•oby slow 

down his progre<~s toward the proper amount of detail. 

• Tendency to contract the scope of the model to permit a complete r<mpecL!Lb.le 
analysis 

Jf the modeler pays attention to only narrowly defined system l•Jund<Lry, 

he can include all the elements of the system commonly viewed as relevant, 

without running into excessive complexity, No difficult choices runoru>: varia-

bles auu r<'.lations need be faced. and the studv attains an air oJ' inmt·e1mable 

comnleteuess and resoectabilitv. 

• Tendency to stick to earlier formulations to justify the effort put into their 
develof•nent 

It is t•hyctroloeically difficult for the modeler to. abandon a line of 

approaeh .in llhlch he has expended great efforts, particularly if 1.he approach 

originally generated promising results. No doubt, a certnin pcrsintence is 

valuai,>J e in research to insure that one does not prematurely discard an ap­

proach, .but there is a danger that commitment built up through the initial 
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conceptualization ntrur.el e will keep the modeler from chaneing his app1-oach· 

when necessary. 

Teudcncy t-o overempha:;he causal diagramming, since causal diagrams constitute 
a tangible result without the finality of a completed model 

Until something llppears ou puper, the modeler may feel that a study has 

been unproductive. Thin perception is uufortunately pcrsisteut, although the 

initial and lartlvlY unwritten fwniliarization, exploraLion, and problem de-

finition lurc;ely, d"termine the outcome of the .project. But while eager to see 

concrete remllt<~, the modeler muy have many reasons for wanting to pontpone 

completion of a model. lie may henitate to go through time-consuming computer 

programmine for a model thut is still not fully satisfactory. A completed 

motlel tends to become "sacred" nnrl unchangable in light of the commitment and 

the imprcn<.ive orderliness of a closed consistent perspective on reality. 

A completed model in nlso a conspicuous target for criticism. A causal dia{lram, 

on the other hand, represents a convenient compromise. The diagram is visible 

proof of effort; it can be produced without much toil; and it is still clearly 

unfinished und theref<n·e not. so susceptible to criticism. 

Tendeney to become ut.alf!mated in unending formulation problems, actually brought 
about by a lack of understandine; of the simuland 

An nc~urnte repre:;entation cannot be-obtained from an inadequately under-

otood renl-wnrld system. Generic modeling, for example, requires thorough k.nov-

ledge of the claas of nimulnnds studied; otherwise, the· modeler vill not be . 
able to extract the few, powerfui assumptions conntituting a useful model. 

However, when enco•mtering modeling problems, the JDOdeler is easily trapped 

into believing that tlte ob<Jtucle is the limited capability of the modeling 

tools to represent reality. Unending, futile attempts at form~lating some part 

of a model ure symptomatic of a lack. of knovledge of the real system being 

modeled; the time could be mo~e usefully spent on obtaining a better under-

,._~w . .,.,....,.,., "'""""!i'lll_ .. n~, .,,~...,,-<>wor· ... .,_,.,._ ---'"'-H"' __ .,_ .. 
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standing of the simuland. I.n extreme canes, apparent formulation problems mny 

induce such frut:ltn•tion and disgust as to force t.he modeler t.o diucontiuue 

the. study. Knowledge constraints become more apparent when using·powerful, 

versut ile techniques. 

T o a v o i d ~ i t f a 1 1 s 

;-

'rhe ten guidelines listed below7 cun help to counteract the comuton ten-

dencies toward error. 1'hey can also often impose a more explicit <!orwidcrat.ion 

ot' his activiLies and more effective working habits on the modeler. Along vith 

the overall ::Jtrategy sugeested in the chapter called "sucmer.teol pruccdou·e, 11 

these guidelines form a body of knowledge to instruet the inexperi<meed mod"l 

builder. 

Guideline ]. : 

Guideline ln: 

Guideline lb: 

Guide! ine 2: 

Guideline 2u: 

Guideline 3: 

Explicit description of the dynamic bel111viour of in­
terest -- the reference mode -- and assumptionn about 
it.s cause -- the assumed baulc mecltuniumn -- arc nec:en­
sary prerequisites for successful !node! buildint~· 

A reference mode will not lead to a wot·thwhile model 
unless accompanied by assumptions uloout urulerlyint\ 
basic mechanisms. 

A set of basic mechanismB will not lelld to u worth­
while model without the focus provided by u t•eference 
mode. 

•rhe modeler should conscinuoly look for orgllnlZHill 
concepts that are powerful descriptors of th<' basic 
mechanisms underlying the reference mode. 

Organizing concepts may help to guide modeling nnd 
the description of mod•>l:;, but they will not llutoma­
tically lead to a succesuful model. 

A dynamic hypotheds is obtuine•l throur,h exploratory 
combination of historical (or hypothetical) simuland 
behaviour and simple structures with kno1111 behaviour. 
Ideas for a productive perspective on reality can he 
obtained from familiar orennlzing concepts and exis­
tine; models. 

7. The guidelines are discussed in more detail in ConceyLunl izi nt~ llynnmic 
Models of Social Systems: Lessons from a Stl''!y of So<:iul Change, op.eit. 
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Guideline l1: 

Guideline 5: 

Guideliue·6: 

Guideline 7: 

Gui•lc.Line 7a: 

Guideline 7L: 

Guideline 8: 

Guideline 9: 

Guideline 10: 

'rile system boundary must be wide enough. to encompass 
feedback loop·s capable of endogenously. generating 
non-trivial dynooic behaviour over the time periotl 
studied. 

~'he purpone of the initial conceptual model is not to· 
predict, but to test the dynrunic hypothesis. 

'rhe conceptual model should only contain the basic me­
chnninnm needed to geneJ•ate t.he reference mode; addi­
t.ional complexity ahould then be er·adually incorporated 
until a sul'ficiently realistic and versat.ile model is 
ohta inetl, 

The rnodt!l nhould LP. kept transparent, even subsequent 
to the initial modeling stage, 

A re.lationnhip should only be included in a model if 
necessary to ·eenerate a deaircd behnviour.mode, to 
t•wt. effects of a policy. or- to achieve sufficient 
realinm t.o gain "redibility. 

F.nch model link should represent a stable, me<mingful, 
real-l{orld relationship in which the modeler baa con­
fidenc<>, 

Reduce the runount of detail (depth), rather than scope 
(breadth), if model complexity must be reduced. 

Spend most tirne on what 'matters most: a balanced model 
structure. An elegant, concise formulation and a rea­
sonable parametrization can be obtained later. 

Causal din~rams should be used only for exploration 
in the initial modeling stage and for comm•mication 
of t.},c "final" model; the modeling proper should be 
pert'ot·med' l>y chooSing and linking levels. 

U N A N S W R R E D Q U E S T [ 0 N S 

'l'he discuasion of conceptualization of social otodels raise innumerable 

questions. In many cases, annwers will have to await the availability of more 

information about the chronoJ.o,~ies of actual madeline efforts. One major task 

should therefore be to accumulate additional, frank reports ·on thE' modt!ling 

process, pr:rllllps in the format suggested by the chapl.er "suggested procedure." 
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The objective would be, primarily, to gather more knowledge about procedures 

that are used consciously or unconsciously. 

:>ince very lit.tle is known about model conceptualization, the list of 

specific questions begging answers would be very long; A selection ol' these 

questions is provided here: 

Does the definition of "conceptual i2;ation" employt>d here help to focus 
nl.tent.ion on the most deciaive phasP. of modeling? 

In the st.t·ong orientation toward problems, as oppone<l to :;ttOdy of a 
systeiJl, pru<lu<'tive? (Or, perhaps, does focusing 011 problem!l hl·lp the 
ot·dinary modeler limit his attention to a j.ob of tuan~tgeahle proJ>WI.ionu, 
while the expert. can arrive at a plausil>Ie result. even when he wrestlen 
with the unstructured task of modeling a nyst.em?) 

Cnn more explicit guidelines for prohlem definition be deuitt,tll'tl? (Ol>­
v"iously, knowledge of the simulancl is necessary in or·der to model; 
but in practice, an overly detailed knowledge oft•'n neems to par·t..:lyze 
t.he modeler. Is there an optimum amount of inform<<tion moot conducive 
to auccesnl'ul initial modeliug?) 

ts the idenLif.ication of a reference mode an effective way of arriving 
at a fl'lli t t'ul problem definition for dynumic model iug? ( f>i nee behaviour 
modes are not {yet) commonly acknowledged by social obn.,rver:; in the 
media or aendemia, relying on a mode muy unduly conf::t.rain Llu~ modP.] cr 
Lu a small clasn ·of known types of phenomena,) 

Is it r·easoru;tble to expect to be able to capture th" caunes of lflOOt 
extant dymunic behaviours within the bound·nries of simple model"? (Tn 
ot.ltel' wor•ln, is it t'easil>le in most ennen to identify only n fc•w hanic 
ffii!ehnniF;ms with the expectation of still making n menninr;f'ul, ni1f1pl e 
i;ritial modc;l? )' 

Is it d":;irable to start by mflking a simple model based on inni((ht, 
un<l thc•!l udd further complexity to serve specific puqJDnes, nneh 
ns eredihility'l (IIlstead of starting with a eomplex rno•IP.l n!HI then 
nilnpl.i t'y. ) 

h: it desirable to start with a very l<igh level of ar.r:rcgation, then 
punh down until the process of interest can be oeen and studied'/ 

lti geneJ'>11 izP.<I tf'sting an efficient gui<le toward better model n? r.an 
t.he !.est criteria be impt·oved or formalized? 

How can the modeler unearth dormant negative loopn which loro has never 
~ceu actuully operate because the simulund has never been pu:;!Jed t;o 
the mrtreme llefore'/ (Alternatively, .is it uset'ul to 11nk wily !Ju,; tlte 
t;lmuJ and uP.ver gone t.o nn extreme before?) 

1:: H .imp<wl.unt t.o know the rel11tionsloipn between Vttrious sl.rucl.u,·es 
and theit~ hehaviour, and, if oo, what is an efficient and edut!nt.ive 
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way of cataloguing structures and behaviours? 

flow does the modeler choose a set of levels (otate v~riables) from 
the set of descriptive elements of the system? 

~1at can go wrong in adhering to the modeling procedure recommended 
here? 

Do the ten guidelines overemphasize certain aspects of modeling to the 
exclusion of other, equally important considerations? 
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