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ABSTRACT

Multidisciplinary teamwork involving six wideliidifférentA

disciplines is described within the context of a dynamic model

of northwest Ontario, Canada. This project is-aimed‘at the

application of dynamic modelling to the study of telecommuni- -

cations déVelopmenf in Canéda. :Suggestions'are made as to how
multidiscipiinary'projects can be‘usefully-undertakén in
universities. The basic concepts of dynamié modélling are"
reviewed and the relatiqh of these.méthematicaluconCepts to an
actual socioeconomic system is clearly ekplained; ‘Dynémié

modeiling.is Shown‘to provide an effective way to focus the

attentions of the members of multidisciplinary teams, enabling

many diverse-disciplinary viewpqints to be brought together.




I. INTRODUCTION

- The'phrase, "Socioeconomic System", is still capable of | .
arousing intense and hostile reactions among some - writers
schooled in the more literary descriptions of human affairs.-
Yet the word "system" is innocent enough, being typically-
defined as "a complex whole, a set of connected parts~forming
an organized body of material or immaterial thingS".'vaen
more likeiy‘to arouse'violent and emotional attacks is the
concept of "modelling" such human affairs. ,But,‘as'has_been-
well pointed out by-Ferrester L1];, among others,_‘weia‘llyuser
models of some kind to aid;us in conceptual thought.A Math-~
ematical"modeliing is the very core of engineering andjthe
physical sciences and has proven to be of great value in'the
understanding of complex physical systems..flt therefore-seems
well worth the attempt to see whether such mathematical modell—

ing techniques can be applled usefully to the much more comp—

licated SOCioeconomic systems that describe our human actiVLties.-'

Certainly, the non-mathematical methods applied in the past to
the planning of our human envircnment cannot be said to ‘have met.
with uniform success. |

A major difficulty, when compared with physical-systems,
at once arises: the problem of perfcrminglcontrolled experiments
to test the validity of the models. Apart from the”mere-com—
plexity of such systems, there is the ever—present‘danger of the
observer disturbing the experiment, as well as the important
additional aspect.of ethical considerations. What,then,are_the

alternatives? We canisay all such studies should be avoided as




- impossible and unethical; or we can try to do the best we can
to explore what is possibleAwith full conéideration;of our
limitations and of the ethidél implications.

It becomes immediately obvious that a training.ih'éystems
analysis alone, however. supplemented by thé individual's natural
sympathy with his‘fellow—c:eatureé, cannot‘pOSSibly bé'adéquéte;
nor can any one Or more persons be expeéted to become competent -
in each of the disciplines involved. Clearly, any such.attempt
to investigate the feasibility of modelling a sociogéonomic
systeﬁ must be made by a mﬁltidisciplihary\team;‘- | -

During'the course of(the next decade or two new discipiinés
will no doubt emerge in our universities and institﬁtes that
appropriately combine subjects from thbse presently considered
as more or less independent areas of study.  But thié will Only.
be a temporary and apparent solution as they too, in their time;‘
will become the ffozen orthodpxies of their age, just as modern
engineering has largely become fixed in those moulds.fhat weré
appropriate at the end of the last century. Thus there wiil
always be a pressing need for people trained in different dis-
ciplines to work constructively together as teams, with an»
immediate need being appareht for such teams to cross what might' 
be called the socio-technical demarcation boundary..

This paper describes~a particular,ongoing project; nQW_in*‘
its third year, being carried out by é mﬁltidiscipiinaryAteam
that includes six different disciplinegg biology, business
administration, electrical engineering, pplitical studies, psy-
chology and sociology. Its object is to investigate thé.appli—

cation of dynamic modelling to the study of telecommunications.



development in Canada. While studies of the impact of tech-
nology on society afe becoming incfeasingly numefOus; with':
some concéntrated on telecpmmunications'impact in ?aitiéuiar,
there does not yet seem to have been any widely reported study
on the use of dynamic modelling to asseSs telecommunicationé
impact, although thé authors are aware of a new study recently
started aﬁ the Univérsity'of Queensland, Australia.

Thevproject described here is presentea as én example,
written with a strong tutorial intent,‘bf'how a multidisciplin-
ary team has combihéd to work on a study of a sogioeconémic |
system, having>the building of dynamic models as a ¢entral deus,_
but with no pretence being made that this.is on its own an |
exhaustive review of the entire subject.

In the éubséqueﬁt sections of this paber a background
discussion is preseﬁted of the project and.how the.multidisfff
ciplinary team is coordinated, followea by a review<bf the
modelling process'and its ﬁse in multidisciplinary research.

A description is theh given of the main médel completed so far
(of an entiré’region), with comments included on how it is
planned to adapt this experience to models of individual commun-—
jties, within the overall goal of assessing the impact of tele-

communications technology.

IT MULTIDISCIPLINARY TEAMWORK

The region under consideration is that of northwest
Ontario, as'shown:ianig. 1. This region is not untypical of

much of Canada in that it has its own metropolis, Thunder Bay,



within which lives the great majority of the population, and
a vast hinterland cohtaining few peoplé spread among aAlarge .
number of small communities of varying degrees of isolation,‘
The impact of telecommunications on such a region'ig‘of great
importance as, quite suddenly, even some of the remqteét
communities are about to have, or already have, modérn wide-
band telecommunications facilitiesAfor_the'very first time.
Part of this drastic change is due to the availability of Anik,
Canada's domeétic communications satéllité. Paft is due also
to the répidly growing interest in the region, prdvoked to a
consideréble extent by the increasing political awareness of
the local population, which is largely native in the more
remote areas. This.growing,interest«haé‘already led, for
instance, to the installation of a modern high-frequency single-
sideband>radio telephone network for intércommunicationfamong
twenty—five small native_communities, In addition, the availf
ability of radio and television Efdaddasting is being'dramaticj
ally changed with the advent of wideband distribution‘netWOrks
even in quite remote areas. Ap%rt.from the-Canadian Brbadcast—
ing Corporation's radio and television networks, there is an
increasing demand for truly local radio stations, as well as a
developing interest in the possible use of videotape as a
communications medium in outlying communities.

The mutual depehdénée between telecommunications and the
economics of a region haé long been a baéis fof thé planning of
telephone networks. Similarly, broadcasting has made much use

of audience surveys, which constitute one of the many examples



of sociological studies . These, and many other"aspects-of"-
communications, on a world basis, aresvery nsefully snrveyed~
by Cherry [2]. Political considerations'are also of greatf
importance in any study of telecommunications planning, espec— ’
ially in relation to the regulation and licensing of serVices,
as well as to the nature of policy—making itself. What is-
not so obvious, perhaps, is where psychology and biology enter,
into the study. | - 7

As is indicated later in this”paper, it was rapidly;found
at the start of this study that any Wide—ranging dynamic model
of telecommunications iﬁpact would have‘to include what essent-
1ally became an overall dynamic model of the entire regiOn or
community under consideration, if all the major interactlons
were to be identified- and investlgated. At first sight in
fact, the telecommunications'itself became a relatively small
part of the model of the region or.commnnity Oncepthis‘step'
had been taken, the additional aspects of demography, health and
education serVices, transportation, mall tourism, natural
resources, environmental, cultural_and psychological factors,f
all became important in addition to the more obvious categories
of telephones, broadcasting, income and capital investment.
Hence arose. the particular choice in this study'ofna team made
up of expertise in the six disc1plines shown in Fig. 2, 'with
experience in both communlcations technology and systems analysis
being prov1ded by electrical engineers.: |

A. Coordination.

What follows is not intended as a universal recipe for




successful multidisciplinary cooperation«but is, ﬁevertheléss,
a deécription of how one such team has manaéed to combine-to .
produce useful work over a fairly lengthy period of time.

This project is being performed Within.a university
under a contract with a Canadian goverﬁment agency.  Surely,
if anywhere, multidiséiﬁlinary cooperation should be easy to .
arrange in a university Wﬁere almost all conceivable disciplines
are being.studied concurrently within éne overall institution.
Unfortunately, this is not so. Uﬁiversities have their own
rigidities and, without some suppért frbm fhe highgr adminis-
tration, it is difficult to organize énything of significant
size involving many different departments and faculties. 1In .
most North American universities the department is the key unit
and there is still a strong tendency on the part of some memberé
to criticize as a waste of time and effort.any work that cannot-
be classified as belbnging ‘to any one department, énd hence‘tb
any-one discipline. Even if such a multidisciplina:y team can
be organized, universities, like manyvother institutions, some-
times have a tendency to impose their own paralyzing bureaucfacy
on the actiVity, in the form of over-elaborate advisory committees
and reporting procedures.‘ These committees are no doubt well-
intended, but their effect can be to.putvthe smothering.blanket
of caution and delay, which some interpret as wisdom, on the
lively but delicate flame. of enthusiasm of the actﬁal partici—'
pants in the project. However, if uni&ersities have their diffi-
cultles,.it is probably much easier to perform multid1501plinary
work in them than in government or industry, not least because

they have a continuing COre of permanent staff from many disciplines,
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usually on full—time appointments , as well as a repeated.influx
of fresh and talented potential ﬁarticipants in the form of
students, both undergraduate‘and graduatey-and young research
assistants. Universities are probably unique in their potential
for undertaking relatively short-term projects,. with personnel
of the very highest calibre having the possibility-of coming‘;‘
together for a particulér project, ﬁhen dispersing at its end

to other projects, possibly_in combination with ye;~6ther and
different disciplines.

Such is undoubtedly the potential of universities. Once.
the organizationalrand structural problems of the university as
a whole have been oVeréome; how can thé individual.persbns.be
brought to work together productively? Professorial staff are
well known for their indépendence; even ﬁithin their own individ-
ual departments it is usually impossible}to coerce.them‘ihfo
research projects not of their own choosing. Clearly, an elab- -
orate vertical pyramid of command and responsibility,-with
precisely defined reporting procedures, is.not the most approp-
riate, especiélly if the project is of,onlyvmoderateAsize (i.e.
not more than 20 people, including all students and assistants).
In these cases, a horizontal rather than vertical pattern is |
both possible and desirable - a band of equal co—ihvestigatbxs;
If possible, one cb—iﬁvestigétor then acts as overail coordin-
ator, but wiﬁhout tékihg unto himself any of‘the elaborate
trappings of status or tifles ("Director", étc.).' If such an
individual can gain thé tfust and respect of the other co-

investigators it is probably far more efficient than having all



decisions made in sub-committees oxr commitﬁees of the wholé. -
It is not often realized by engineéfS_that.clbse cdoper¥
ation between,'for instance, social scientists in two or more
different specializations_is often as difficult to écﬁieve és
is that between social scientists and ehgineers. .To.éonsider
a more extfeme example, why should a sOcinogist‘want to work
with an engiheering systems analyst?: Cértainly, it iéﬁhbt'

because the sociologist wishes to beome an engineer (and vice

- versa) . In most caSes,\the best that can be hoped for_is that,

through a desire for cooperation, a genuine sympathy with the -
broad principlesAof.the other's fieldﬁof knowledge can be
developed. Then the two.can work on:cldsely relatedltopics
(e.q. demégréphy and a'dynamic model of popuiatién) with mutual
respect, and with a willingnéss to be receétive to ideas_ffom  -
the other discipline no matter how badly expreSSéd:or'qhildiSh
they.may appéar to.be;_ One of the keys fo‘cooperatidn then, n
is that each CO—inveétigator have a subject td éurSue, which
is of interest within his or her own discipline, while at the
same time forming a useful part of. the whole'project. It is‘a
major mistake to insist that they do only what is dictatediby
some central "director" 's concept of what, say, "useful socié—
logy" is. : o | |

As a result of this m$re.flexiblé approach,.publications
arise that fall into two classes: papers describihg the work as
a whole, presented, or Written, by several coeauthoxs”éndvpub-
lished in relatively ﬁnorthodox journals and conferences} papers

by individual co-investigators, perhaps with their assistantéf



and students, on ﬁarticular aspectssof tﬁe work thst“aré‘

appropriate to presentaﬁion within théir‘traditional disdiplihes.

| It_shoﬁid be emphasized, however, tHst no useful’doopéfation :

is possible without évery singlé_cq—invesﬁigator being wiliisg. o

to adapt her or his interests to some extent towafds £hose ofs

the whole team. The point here is thaﬁ such adaptation~heéd

not rémo#e these persons.from their disciplines, within which

their careers must, to a very large sxﬁent, dontinﬁe to lie.
Undoubtedly a key part of this particular project has>beeh ”

the invqlvement of a number of young students and éssistants.' .

Throughouf.the“work each diséiplinary aréa”has hadsassQCiatéd

with it one,.in'some cases two, co—investiéatqrs,‘shd at least

one student or research assistant, paid out. of thefpfojest'si

funds. (With the exceptibn'of thessystems]analYSt;\nohe_Qf‘the

co-investigators receives any dirsct‘iemuneratibn for.WQrk:Qn

this project.) All the coéinvesﬁigatdfs are involved in msny

other activities and théfinvolvemént Qf these assisténts'aﬁa

students; under their guidance, is essential, while‘ét the same

time fulfilling somé of ths educational functions of the university.
It is most noteworthy how much easier it islfor-ﬁhese

students and assistants, thanvfor the eStéblished‘carser pro-

fessionals, to cooperate across the.tréditional.bqundaries‘of

their disciplines. . In addiﬁion-to their natural.flsxibility of

outlook, being nof yvet rigidly committed to weariﬁg,sﬁé~par£icular

professional label (such as "electrical engineer") , they.have

shown a coﬂsistent,and exéiting énthusiasm for multidisciplinary

work, welcoming thé opportunity to wofksin a team with_members

of other disciplines and to learn other viewpoints. This has
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been one of the most encouraéing aspecﬁs of the éntire project
and points to the need for many mofe such research opportunities
in our universities if ﬁhe.pext generation is to be'better |
equipped to handle some of our preésing socioeconémic.problems.
In&estigation of dynamic modeiling‘as a possible tool
in telecommunigationé planning_is the central aim of this work.
Experience has shown that;quite apart from the usefulness of
the model itself when in its final form, the goal of.buildihg
models of particular regions and cpmmunities, has aéfedvas a :
most valuabie-centralﬂfocué-for aliztheiparticipanﬁs in ﬁhe
study, helping rather'£han’hinderingiCOCPQ:ation bétwéengdisci§¥
lines, without there being a strong neéd for more than' one 6r
two partiéipénts to have a detailedjﬁathematical_understanding

of the structure and operation-of thé;models themselves. .




11.

11T MODELLING‘SOCIAL SYSTEMS

In the preceding section, the natﬁre of multidisciplinary
teamwork and its attendént-prOblems have been d%Scussed;. It
was indicated-that while theﬁe are a number bf ways of carrying
out a multidisciplinary studyfof a’sbéioedonomic system, the
particular reséarch to be reported hete has used;thé7develop—j‘
ment of a dynamic computer simulqtioh\mpdel aé a«fécal pqint
for cooperative effort. As méntidnea previously,~£his cooper-
ation should ﬁot only be viewed as béing‘betweeﬁ-eﬁgineers and

§¢‘social scientists, but between allutﬁé discipliheé.involvedﬂ

The increasing involvement of engipéers.in the develop-
fment of socioeconomic models can probablylbe att}ibuféd to twd
facts. - First, it is felt thét téchnology, in particulaf-the'
rapidvrate at which-techno;ogy is being applied, is a major
factor in the creation of ekiéting sécial~disorders. " Hence it
would seem reasonable for téchndlcgists‘to be increasingly
concerned with the understénding of these problems. In thé_Case-
of the modelling of_telecommunicatiéns.impaCt it would thué‘be 
reasbnable to expect a usefu1'input frbmicommuﬁicatiOns.engin—
eers. Séébnd, engineers, espgcially'théSe with a traihing in
systems analysis, can bring-considerable expertise to theAmodel
building process. |

A. - Model Types and Their Uses

Since the word "model" can have_akwide range .of meaning,
including the "mental models" describedhby Forrester [1] which
we all use to make day—tofday decisions, it is useful to cdnsider

some claséification of modelﬂtypes.g‘Mihram [3] has made a
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comprehensive classification based on two dimensions: the degree
of the model's generality and its degree of abstraction. The
least general and least abséract ﬁodels are static-replicatibns
of the real system; the most generai and.most abstréct‘are | |
stochastic differential equafions.. The choiée of the degree of
abstraction and generality of a model must be based on éome
knowledge of the nature of the system being modelled, the quantity
of that knowledge and the use to which the model will bé:put.
In the casé of a socioeconpﬁic system, and with a desire to use
the model as an input.to the planning process, it will be assuméd
that a symbolic rather than matefial moael is:desired and that
a capabiliny'to'depict dynamic behaviour is required.

_The role of models as planning tools is reViewea in [ﬁ].
The ability of a model to forecast future behaviour of the real
system is of major importanée if it is to be usedvin'the planning
process; This forecasﬁing ability implies thatsa~suitab1y high
degree of confidence in the model's validity must be established.
This validation process is discugsed laternin this:Section.

Besides serving as a forecéstinghtool_for planning in a
socioeconomic system, a model, or more?correctly, a model build-
ing task, performs a role in helping to understand the system
under Stndy. In other words, the modelling process servéé aé a
vehicle for a form of the so-called scientific metnod of problem
solving. ‘This ié~an especially important function of the modell-
ing proceSs'in a muitidisciplinary study where it'is to form the
central focus for several diverse diséiplines. Wheﬁhe: a model
which has contributed to the learning process during its develop-

ment can at some. point be used as a planning tool depends on the







(3)

4.

to establish relationships between economic variables. -

With regard to system dynamics models, Ybﬁng‘et al. [6]
describe a quasi-linearization identification scheme

to determine parameters to which the model appears

- most sensitive. In the absence of data, relationships

between variables are necessarily established based
on expert opinion. In these cases, sﬁch opinibn can
best be obtained using a multidisciplinary approach
as described here. It Shoﬁld_be.emphasiéed that the
lack of a complete date base relating to the:eystem
does not‘prevent the model builder from developing
at least an exploratory-model which can he used to
identify areas where further research is required,
Formulation of the eystem equations - |

The dynamic equations describing the desired and/or
hypothesized relationships postulated in step (2)
represent a mathematical description of the structure.
of the system. These equations}ean be viewed.as -
integral or differential equatiens. Forrester~[j]
and others [7] have argﬁed that'viewingvthe systeﬁ

states as "levels" which are altered by input and

output flows is a more natural way of viewing the real

world. Whether this is true or net, this approach
has shown itself to be useful.in discussihg medel
étructure ih a’multidisciplinary-environmeht where the
concept of differentiel equations is not uniformly

well understood. The system dynamics formulation




(4)

(5)

15.

of ‘the system equations will be reviewed later

"in this paper.

Model Simulation =

The system equations developed ih step (3).are
immediately amenable to sblution‘using a digital,
analogue or hybrid computer.  Generally a digital
simulation using an appropriate numerical integration

scheme is adequate for socioeconomic systems with

_’reasonably stable behaviour. The choice of a programm-

ing language is relatively unimportant but should

take into account the background of the personnel

‘involved in this aspect of the model building. In-

cluded in this step is the process of verification

which Mihram [3] describes as the comparison of the.

response of the model to a:given set of initial con-

ditions and exogenous inputs>to that theoretically

~anticipated. Verification tests often uncover in-

correct formulation of the reiationships postulated in
step (2). Thus modifications to the system equations
can be made, followed by further verification tests.
vValidation -

The process of validation of simulation modéls has.
been dealt with quite exﬁensively<(for‘éxample, see
[8]1 and [9]). In the case of models which include a
large number of postulated‘relationships based on
expert opinion. (such as fhe Forrester world model [1]

and that described in this paper), Chen [10] points
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out that Vélidation would be difficult eveﬁvif
historical‘déta were available. Thus one should not
ask whether such models could be validated but how
they should be put to use.

C. The System Dynamics Formulation

From several standpoints, the state space formulation
used by Forrester in,queiling industrial [11], urban [12] and
global [1] systems, posseéses a number of advantages over other
modelling techniques. As previously mentioned, thefconéept of
viewing the‘dynamic behaviour of the system Stateé és-arising
from the integratidn of input and output flow rates has shown
itself to be helpful for researchers iﬁ the social sciencesAwho
have no background in;system theqry or,mathematics; In form—
ulating the model structure, the qﬁesfioh can be asked - "What
fiactors (i.e; what variables) are likeiy té afféct the increase
in a particular state?". As a result of asking this type of
question for each flow rate} the dynamics of the system.are dealt
with difectly compared with, say, a regression model whicﬁ may'
not reflect the true "structure" of the‘system; The emphaéis of
the system dynamics formulation on system structure{rather tﬁan,déta is
described by Schroeder [13]. This feature is a vital one bdth
for increasing understanding of the system and in the planning
process. | | |

kThe mathematical forﬁulatibn-of system dynaﬁics has been
discussed elsewhere [6], [14] and will only be éummariéed here.
Each state or "level" which is chosen to represent a salient
characteristié quantity in the real system is descxibed by»an

equation of the form



®E) = x(0) 4 S5 Irg(n) - @lar )

where x(t) is the value 6f the le&el aﬁ.time t, x(0) is the

initial‘value,~ri(t) is the input flowifate‘as a>functionAofﬁ

time and ro(t) is the output flowxrate'as é”function of timefﬁ
The input and output.flow rates are functions of the

state of the entire system and define‘fhe inﬁeractions bostulated

in step (.2) of the modeliing process., In particuiar, most .

system dynamics models use a multiplicative formﬁlation for the

flow rate equations which, for the kth state, is of .the form

rik(t)'= rikim1(x1)_m2(x2) ...-mn(xn)ﬁ | . { (2)

N

where ry is the "nominal" or "normal" value of.the input flow

k . .
rate (corresponding to the nominal state of the system) and the
multiplier functions My, «oop My are functions of the n system

~

states x,, ceer X Thus'when iy =‘rik‘a1;_the multipliers

have the value of unity; One can then ask the question - "If
state Xj changes by a particular amount, what w%ll be the effect
on rate rik?". The quantified effect*of'this chénge is refiected
in the form éf mj(xj)'which'in general will be nonlinea;f- If

iy does not depend on xj, then mj = 1 fo#‘all Xj. |

It should be noted that for some‘levéls, such as population,
the rate ;i will be_ékp;essed as a per unit value and the flow‘
rate will be determined by multiplying this value by that of
the level in question: Also, inumost.models of this fjpe( a
large numbe£ of non;dynamic variébies,‘whiéh are functions of
other such.variabLéS'ahd/ot of certain system states, are:deﬁined

for convenience, or‘becauSe they represent real-life quantities
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for which data are available. Such a variable might be the
ratio of food supply (a level) to population (a leVel). Thé
multiplier functions in (2)‘can theh be functions of these
variables. In state space termihology.these "variables"
(termed "auxiliary variables" by Forrester) might be called
outpﬁtAvariables which are functions of the syétem staté.

.The simulation of a system dﬁnamicé model. corresponds
to ﬁhe solving of the integral equationsl(1) for‘eachvstateh
the rate equations (2) and the variable or output equations.
Normally, a first order numerical integration schemé is suit- .-
able and (1);can>be changed to a difference equation of the .
form

Cx(EHAL) = x(t) + [ri(t) —.ro(t)]At~ _ R (3).
where At is a suitably small step size.

Since, in a multidiéciplinary environmént,'only the-.
sysﬁems analyst is directly concerned with the formulation of
the -above equations and their solution, an importént facet of -
the modelling technique is the symbolic representation of the
model structure. Figure 3 summarizes the symbdlsuused.in the
model development described in this paper. In this figure,
the two levels (rectangles) are x1 and Xoe The input flow.réte
(valve) for x, is giveh'by | |

r;q(8) = 211 my (vy) m,(ey) ' : .. ' (4)A
where £i1 is the nomina; vélue, Vi is a non~dynamic variable
(large circle - a function of X, and 32) and e, is an exogenous
variable (oval) not affected by the system. The other flow rates

are similarly»definéd. Note that solid lines répresent flows of
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level quantities and dotted lineS‘repreéent'informaﬁion flow. '

A system dynamics model descﬁibed.by the above.equations
is deterministic although some parameﬁérs'mayahave been idén—~
tified using statistical tééhniqﬁésﬂ In other wofds, ﬁhé level
trajectories generated by a single computér_simulafion rﬁn;convey
no informatioﬁ as to the uncertainty of.£he modél beﬁéviour.
Although a range éf possibie trajectories can be-obtaihed by
perturbing individual parémeters; an exhaustive stﬁdy of this
type for a complex model would be-veryvtime*consuﬁing. Clea:ly
a negd exists for research into at‘least a partiaily.analytical
technique for determining the sensitiVity of model behaviour-to '
parametér'petﬁurbétions. In thileay_somerf the criticism_
relating toithe deterministic nature of system dynamics mgdels

would be answered.
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IV A REGIONAL SOCIOECONOMIC MODEL

In the previoué two sections we haVe.presented a dis-
cussion of aiﬁultidisciblinary approach to;fhe médelliﬁg of
socioeconomic systems. In this section Qe Will outline the
development of such a model with the object of providing ‘a tool
for planning .regional telécommunicatidﬁs develépment; The main
purpose of presenting the model here is to illustraté how the
multidiéciplinary modelling process was. applied in thié project
and the?type of results which have beén obtained,

First, é brief discussion of the‘gengaphic scale of a
social system and its rélationship to thefmodelling.taskuwill
be uéeful. A possible élassifidation'bf geographiéal scale
would use the terms (i) global, (ii) ﬁétional, (iidi) regional
and (iv) comﬁUnity. |

In the modelling of a socideconomic System'on;a giobél
scale one is.concérned with a closed_system in which'ihPUts to
the system are generated by the system itself. For_this reason,
it would appear that viewing such é system in terms. of a.feed—v
back structure is valid and useful. The problems ehdountered in
global ﬁodelling centre’arpund the léck“of information availéble
on a Qorld—wide level of aggregation. It would thus be reéson~
able’to'expedt suéh médels'to be more useful as learning than as
planning tools. | |

As one moves from the globai to ﬁhe ﬁational aﬁd fggipnal.‘
geographic scales, the systems ehcountéfed"tend to haVé closéd— |
loop feedback‘structufeé in some subséctof8~but to be stréngly

affected by‘inputs generated outside the system. Informatibn
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concerning such systems may or may not bé more abundant.thaﬁ
for global systems depending on the iével;bf aggfegaﬁion and'the_
geographié béundaries chosen for thevﬁddel. |

When modelling a community—scaié system, one will generally
be concerned withivériables closely related tofthe'éociél and
psychological behavibur of groups of peoéle. informatipn ébdut 
such variables may best be obtained from first-hand studies*of"
the community itself aﬁgmented by the relevant litéfatﬁre. To
a great e#tent,:thé behaviour of the'ecbnomic aﬁd démogtaphic
sectors of‘ébmmuhify systems are'éﬁe to'influéhdés'generated
outsidé the community; thus feedback structurés may n6£ pfove
overly useful in modelling such systems. | »

A. Sectors of the Regional Model

As outlined previously, the overall.objectiVe:of the.
modelling éfudy to be described is to investigate the feasi-
bility of uéing&dynamicvmodelling techniques in a‘multidisciplin—
ary enVirQnment to describe the role of_teiecommupications:in_a
deﬁeloping region in Canada. It was quickly evident. that tele-
communicétidns, and’ communications in_geﬂera1, havé the:poféntiél
to interactswiﬁh each of the social, political; économiq‘gnd
environmental sectors of the‘region.' iﬁus, in order td'aséess'“
the role of communications, it was realizéd thaﬁ a general model
for each of these segto¥8~would‘ha§e tb_be coﬁéidered.; |

The concept of Viewing a complex éjstém‘as é number of,inter-f
adting subsystems is perhaps értificial in thé:case~9f a sociai B
systém because it is not always clear What:groups‘of §ariabies

are most closely related. In some cases, it might be uséful to
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use a cross-impact analysis such as proposed by Love [15] to
identify meaningful subsystems. In the mulﬁidisciplinary con-
text it wés decided that a classification of subsystems relating

to the disciplines of the personnel involved would prove most

A block diagram of the regional model showing the

six subsystems considered is shown in Figure 4., A description
of each follows:

(1) Demographic Sector: - This sector attempts to relate the

regional population size in the age groups 0-14 years,

15-44 years, 45-64 years and 65+ years to changes in,

education level, health service level and régiohal

attractiveness.

(2) Economic Sector: This sector includes levels of private

and . government fegional investment and relates employ-

ment levels to labour supply and demand.

(3) Resources Sector: This sector includes the three main

regional resources: mineral resources, timber resources
and tourism. The rate of development in each of these
areas is related to labour demand and wage rates in.

the region.

(4) Communications Sector: This sector includes the use and

possible impacts of telephones, television, radio,
néwsPapers and magazineé,.mail service;.and~various
transport modes. As indicated'previously,.theée
variables aré treated in greater detail than would be
the case if the purpose of the modelling task weré

not to investigate the role of communications.
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(5) EnVironmental Sector- This sector models _the aggregate
level of pollution related to resource development,

‘ populatlon and tourist activity.

(6) Policy Sector: Originally, a submodel relating to the
political decision—maklng process was enylsloned,

" After considerahle discussion. and investigation of the
literature on this subject ithwas decided to remote‘
most of the political structure from the model and to
‘identify points in the model where government policy
could influence the system. Thus, the model,would
eventually need to operate.inaan interactiveimode,with
the policy-maker supplying policy inputs based on his

' perception of the state of thegsystem relative to his
implicit or explicit goals and values. -These policy
inputs, together-with a number"of.exogenous variables,“
‘comprise the pollcy sector of the model.

The above descrlptions give some idea of the nature of the
variables considered in‘the:regional'model and hence»giveran 
indication as to the levels of generalitj-and abstractionxdeemed
approprlate in this study. These ‘choices, whlch can be talked
of collectlvely as the level of aggregation, are - largely based
on the amount. of information available about the region being
modelled. For example, since the geographic boundarles for. the'
region are not unlformly accepted for purposes of data collectlon,
not all available historlcal,statistical 1nformation-is directly
usable for parameter identification purposes. Also,;the diversity

of life styles within the region due to'the existence of the
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metropolitan area of Thunder Bay makes it impracticel to attempt
to include many sociai and psycholdgical variables describing
the reéion‘as a whole. :In fact, such variables would.be‘closely
related to those in any metropolitan area. Of greater intefest
in assessing the role of communications in the region are tﬁe-
more isbleted northern communities. The choice of variables |
thus reflects a desire to model what is both within the realm

of possibility and meaningful for the region as a whole.

B. Data Collection and Analysis

Based on the six sectors described above, data coilectiOn
and analysis werecarried out by subgroupe\of the multidisciplinary
team. Each subgroup was comprised offa‘systems analyst and
members from the appropriate disciplines including undergraduate
students, graduate students and full-time assistants. Preliminary
meetings were held to discuss not only modelling techniques'but>
fundamental concepts related to all. the disciplines involved.
Thus began a process of sharing information which is essential
for the development of trust between members.

The first step in the modelling process as applied ﬁo one
of the six sectors was to decide on a preliminary list of relevant
levels and variables around which.to develop model structuree
using available data and information. - FOor example, in the
demographic sector, a list of variables is as follows: Levels
include regional population in the four age groups previously
described, level of education (measured‘in years of education)
and level of health services (measured in time required to receive
attention). Variables include those reiating to expected levels

for regional health and education services, the resulting demand
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for increased services and the expenditures on imprQVed serViceé.
Exogenous va:iablesrdeemed relevant'ihcludé'levelé.of health'éhd
educatidn services in southern Ontario. |

The choice of relevant variables then made possible the.
asking of questions relating to how theée variables and:ieyels
are related and how they are linked to éther secﬁorslbf the -

model. In the case of the'pbpulation dynamics, for example,

each level has several flow rates associated with it. -A;simpiified

flow diagram is shown in Figure 5. Eachflevel has an aging-

rate approximated by.the inverse of the age spread for that level,

a death rate and a migration rate'whichféén be either én”inpdt
or output flow. In addition, the 0-14 age group level has the
birth rate as an input flow. ‘Noﬁiﬁal values for each rafe were
taken to be those observéd in 1971 énd facﬁors thOught,likelyitQ
modify theée:values wére then considered. For example,"thé birfh
rate was defined in terms of the fertiiity fate Kbirthé_pér:unit~
population per year); 'That is, . |

BR = (FER) (P2) | ST
where BR is the birth rate (births peﬁiyear) and FER is the
fertility rate for popﬁlation age:groﬁp Pé (15—#4-years)ﬁ'“The
variable FER was then assumed to be primarily a'function 6f:the
regional level of heaithAservice and thefregional education
level. Thus,- o ”

FER = (FERN) (F1) (F2) o _ (6) .

where FERN is the nominal fertility rate (1971),.F1 is a function

of education level and F2 is a function of health service level.

Both functions are equal to unity for 1971. Unfortunately, no
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historical data concerning education and health sérvice levels
were avallable for thé“region which, taken toéether with avail-
able data concerning the fertility rate, would permit.identifi~
cation of F1 and F2. However, by comparison of fertility rates
and education and health service levels with those presently
observed for southern Ontario and bééed on experience of the -
group members, fhe functions F1 and F2 were poétulated‘aS‘shown
in Figure 6. _

The death rafe for pqpulation level PT (0-14 years) is
given by | | | -

DR1 = (DRIN) (P1) (F3) | o
where DRIN is the nominal per unit death rate in 1971;and F3
is a function of the level of health services. The aging rate
for P1 is given by ‘ ; i |

AGR1 = BR (t-15; DR1) _ | . (8)

In other words the number of 15 year -olds entering age group

P2 is equal to the birth rate delayed by 15 years and the accumulative

death rate for the 15 year time period. Using the form of
equation (3), the difference equation for level P1 is

P1(t+At) = P1(t) + (BR-DR1-AGRI+MIGR1) At (9)
where MIGR1 is the migration rate for this age group which is
directly related to the migration rate of age group P2.

The above explanatioh should serve to indicaté‘the mahﬁer
in which the éystem equations (i.e. the system structure).can
be obtained and the roles played.by data and expért opinion in
the identification of parameters. At ﬁhe present time the model
contains nearly 100 functions, the manrity of which are not

bagsed on numerical data. Nevertheless, the relationships are
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based on the best current information concerhing the region
and have proved to produce reasonable behaviour durihg the
verification runs. reported below.

C. Model Simulation and Vérificatibn :

During the first year of tﬁe study the individualisub—
groups developed a model for each of the six éectors;‘tAlthoﬁgh
some models‘necessarily developed more quickly than others;'
at the end of the year it was possible to'cohsider éénSOlidating
the six sectors into a WOrking simulation model fdr'thé region,
Based on the computing backgrounds of the teém members involved
in the computer proéraﬁming aspects:of the modelling procéss,
the computer programme was written in FORTRAN. = During initial_
debugging and verification runs, a batch mode of o?eration
employing a Burrougﬁs B6700 digital computer was used. As will
be described later, an interactive mode is presently undef.
development employing a DEcbéDP-15 digital pompuﬁer.

The purpose of the Vefification procesé is to ensure that
the model response to a variety of initial conditions and exdg— N
enous inputs is of théAtype intended. In other words, by~Study—
ing the behaviour of individual variables it is possible to locate
parameters which have a\gfeater'or lesser effect than desired and
to.readjust these parameters until the model behaViour'is reason-
able inllight of the assumptions made cdncerning-the system .
structure., Also during these runs, én appraisal‘of the model's
ability to accept and respbnd to .the ﬁyées of pdiicy decisions
that are made by "planners" can be Qbﬁainéd. |

The role of the multidiscipiinary team in fhe verification ‘

proceés is\then twofold. First it can act as a feedback mechanism
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are developed more repidly and hence private capital investment
increases. The reliance on mining technology is iess<with sub- -
sidization since the subsidy acts to keep ‘costs down-witﬁout
the use of labour-éaVing technology. What does this mean in‘
terms of employment, wages end telephone usage? Figure 8 -
indicates an increased demand for labour when the subsidy is in
effect. As a consequence, wage levels are slightly elevated

so as to cause sufficient immigration to satisfy the labour
demand. The regional population necessarily reacheé;a higher
level; Figure 9 indicates a slight increase in telephone density
and a significant increase in total calls (due in part fo a
higher disposable income).. | |

The above example illustrates the type of questien thch
can be aeked of the model by a poliey maker.  In the interactive
mode, the simulation run can be halted in any year and changes
made to any'er all policy inputs (such as the subsidy eonsidered
in the example) and the simulation-run resumed.

While the regional model is currently‘undergoing,further'
refinement based on_eensitivity and verification tesﬁs, ifs use-
fulness as a multidisciplinary focus and as. a learning tool has
been pro&en. Tt is in fact unlikely tﬁat any formal validation
can be attempted for this model. Nevertheless,‘the'fegionaL model,
or a further refinement.ef iﬁ, may still brove useful4as a cafe—
fully applied additional input to the planning process, esPeciallyb
in the area of telecommunications development. It remains the
dutyAef the model builders to ensure that policy planners_underé

stand the limitations and advantages of using such a model., One
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. way to accomplish this is to encourage the use "of the model in
a multidisciplinary environment similar to that in which the

model was developed.
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V. CONCLUSIONS

One éarticulafvmultidiseiplinary.project, focussed on
the building of dynemic models, has been presented here with .
tutorial intent. The aim of the paper has fhﬁs been twofold:
to sur&ey éome of the difficulties and advantages of multi-
disciplinary_teamwork; to show clearly one wéy in whieh syétem
dynamic modeiling is being applied to a'particuler goal - that
of assessing the impact of telecommunications in northwest
Ontarie, Canada.

A key aspect of the cooperation_between discipliﬁes ih
this moderately eized project is that the team consists of a
band ef_equal co-investigators, -one acting as coordinetor,:
with suitebly informal adminiétfative arrangemehts. Even_moreA
important is the association with each disciplinary area of
one or more highly capable and enthusiastic young research
assistants. | |

A dynamic model of the entire region of northwest Ontario\
has been produced and is intended for ﬁse as a pienning tool
among planners of telecommunications systems. This model does
not predict the only possible future for the region; rather it
enables a wide range of alternative possible futuree to be
discussed, according to the particular external decisibns
applied~£o the model, with these decieions being essentielly_
political in nature. Theee concepts are:now being extended
further to the dynamic modelling of individual communities
within the same region of northwest Ontario;

The project described here is now'ih'its third yeaf of

operation. Not the least interesting among the results is the
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realizationvthat the Very act of buildingvdynamic modeis”acﬁs
as a valuable"focﬁssing agent for fhe efforts of a multi-
discipiinary team. These models thus becomé very effective
as’integréfing ﬁools for those disciplinary~viewpoin£é of
wide diversity that are becoming so important iﬁ_any;study of

a socioeconomic system.
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. - o FIGURE CAPTIONS

1. Region of Northwest Ontario.

2. . Elements of.a Multidisciplinary Téam.

3.  An Example of a System Dynamics Structure.

4, Sectors of the Regional Model.

5. Simplified bemographic”Sector Model. |

6. Functions F1 and F2 Which Modify the Birth Rate.
7. Trajectories for Economic Variables for a Policy

Change Involv1ng a 15% Subsidy of Resource
Development in 1991. :

8. B Employment Variable Trajectorles Correspondlng
' to Figure 7. . ,

9; Telephone Variable Trajectorles Correspondlng

‘ to Figure. 7.
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3. An Example of a System Dynamic‘sA Structure. .










Fl

F2

971 . /97 L
LEVEL  £pycCAT 10N ‘ Leve,  HEALTH |
LEVEL | - SmevcES

6. Functions F1 and F2 Which Modify the Birth Rate.
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