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Wirtschaftskybenetik und Systemanalyse

Bemerkungen der Herausgeber zu den Zielen der Reihe

Der Titel der Reihe ist als Programm gedacht. Thr Anliegen ist es, die Volkswirtschaft
und die Unternehmung mit dem Systemansatz zu untersuchen. Dieser Ansatz ist in den
Wirtschaftswissenschaften dadurch gekennzeichnet, da3 er die Unternehmung und die
Volkswirtschaft als Systeme betrachtet und sich systemtheoretischer Modelle und Metho-
den bedient.

Die Theorie dynamischer Systeme, die haufig auch als Kybemetik bezeichnet wird,
umfaBt I. die Informationstheorie (= Semiotik), 2. die Kontrolltheorie und 3. die Automa-
tentheorie.

Der Schwerpunkt wirtschaftskyberetischer Analysen liegt (bisher) im Bereich der
Kontrolltheorie. Denn die klussische Regelungstheorie und -technik sowie die moderne
Variationsrechnung bieten hervorragende Grundlagen fiir die Analyse 6konomischer
Systeme.

Ein erstes Anliegen dieser Reihe ist, die Systemanalyse auf alle (6konomischen) Ent-
scheidungsprozesse und Koordinationsmechanismen auszuweiten. Das hierzu notwendige
Gesprich iiber die Trennungslinien der sozialwissenschaftlichen Fdcher hinweg soll
gefordert werden.

Ein zweites Motiv dieser Reihe ist, das Wissen iiber Struktur und Prozesse in Wirt-
schaft und Verwaltung mit Hilfe der Systemtheorie zu erweitern. Die Kybemnetik hat sich
nimlich in den letzten Jahren zu einer Grundlagenwissenschaft entwickelt und bildet hier-
fiir eine gute Ausgangsbasis. Auf dem Wege zu einer Wirtschaftskybernetik werden noch
viele Aufgaben umformuliert oder neu gestellt und geklart werden miissen. Dazu soll diese
Reihe als Gesprichsform dienen.
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Vorwort

Kybemetik und Systemforschung sind am Industrieseminar der Universitit
Mannheim seit langen Jahren zuhause; seit etwa 1967 steht dieses Feld im
Fokus der Forschung, ist aber auch wesentlicher Bestandteil der Lehre. Die
frithe Beschiftigung mit diesem Ansatz ist das Resultat des hidufig mangelhaf-
ten Realitdtsbezuges formaler Modellbildung und -analyse bei den ,klassi-
schen* Verfahren. Da die Annahmen der typischen Operations-Research-Me-
thoden nur schwer mit den realen Anforderungen an die Entscheidungsunter-
stiizung insbesondere auf der Ebene der Unternehmenspolitik in Einklang zu
bringen waren und sind, machte dies die Suche nach anderen Wegen erforder-
lich, um mit den Charakteristika relevanter Realprobleme sachgerecht umgehen
zu konnen.

Die Beschiftigung mit Dynamik und Komplexitit fiihrt nahezu zwangslaufig
zu der Begegnung mit Kybernetik und Systemforschung. Versuche, die bei der
Unternehmensfiihrung auftretende Komplexitit zu reduzieren, haben sich als
problematisch oder gar als untauglich erwiesen. Stattdessen gilt es, das bend-
tigte Handlungsrepertoire aufzubauen, um innerhalb einer komplexen Umwelt
erfolgreich agieren aber auch reagieren zu kénnen. Kybernetik und Systemfor-
schung — insbesondere in der Ausprigung von System Dynamics — bieten die
grundlegenden Konzepte, um diese Sachverhalte verstehen und untersuchen zu
koénnen. Sie stellen auch die Methoden zur Verfiigung, Entscheidungen in
komplexen Systemen zu unterstiitzen und den Zusammenhang zwischen kom-
plizierten Strukturen und Systemverhalten erfahrbar zu machen.

System Dynamics, das fiir sich den Status einer allgemeinen Systemtheorie
reklamiert, wurde in Europa nahezu zeitgleich in England, an der Universitit
Bradford, und in Deutschland, an der Universitit Mannheim, heimisch. Der
damalige Inhaber des Lehrstuhls fiir Allgemeine Betriebswirtschaftslehre und
Industrie, Gert v. Kortzfleisch, verbrachte ein Forschungssemester an der Sloan
School of Management des Massachusetts Institute of Technology (M.I.T.) und
traf dort auf den Pionier der Anwendung von Riickkopplungskonzepten, forma-
len Entscheidungsmodellen und der Computersimulation bei Managementprob-
lemen, Jay W. Forrester. Dies war der Beginn einer langen, fruchtbaren Zu-
sammenarbeit zwischen den System-Dynamics-Gruppen am M.LT. sowie in
Mannheim und der Nukleus einer sich erfreulich entwickelnden internationalen
Forschergemeinschaft.



6 Vorwort

Vor diesem Hintergrund ist es nicht iiberraschend, dass Jay W. Forrester
einen seiner frilhen Ehrendoktorgrade von der Universitdit Mannheim erhalten
hat; 1979 wurden Forrester von der Fakultit fiir Betriebswirtschaftlehre Titel
und Wiirde eines Dr. rer. pol. h. c. verliehen — eine Auszeichnung, die heute
eine aus fast einem Dutzend verschiedener Ehrendoktorwiirden hochrenom-
mierter Universitéten ist.

Mit dem vorliegenden Band setzt die Gesellschaft fiir Wirtschafts- und Sozi-
alkybernetik die Tradition fort, die Vortrige ihrer wissenschaftlichen Tagungen
in einer Publikation zusammenzufassen und einer breiten Offentlichkeit zu-
génglich zu machen. ,,Entscheiden in komplexen Systemen* war das Thema der
Veranstaltung, die vom 29. und 30. September 2000 an der Universitit Mann-
heim stattfand und die auf erfreuliche Resonanz stie. Die Referate verdeut-
lichten Aktualitit und Losungsmichtigkeit kybernetischer Uberlegungen; sie
spiegeln die Heterogenitit der teilnehmenden Institute und Referenten wider.

Unterstiitzt wurden Vorbereitung und Durchfithrung der Tagung durch die
Prechel-Stiftung der Universitit Mannheim sowie durch die BASF AG, Lud-
wigshafen, die Audi AG, Ingolstadt, und die Stadt Mannheim. Allen Donatoren
sei herzlich gedankt; ohne ihre Hilfe wire die Ausrichtung der Veranstaltung
kaum méglich gewesen.

Dank gilt auch den Mitarbeitern des Industrieseminars, die sich in bewun-
demswerter Weise neben ihren sonstigen Verpflichtungen fiir den Erfolg der
Tagung eingesetzt bzw. ihn durch ihr Engagement erst ermoglicht haben. Stell-
vertretend fiir ein harmonierendes Team sind hier Herr Dipl.-Ing. Joachim
Stumpfe und Frau Dipl.-Hdl. Sandra Gillhart zu nennen, die die Hauptlast der
gesamten Vorbereitung und der Durchfiihrung der Tagung schulterten. Herr
Dr. Andreas GroBler zeichnete fiir die Betreuung der Beitrdge des Tagungsban-
des verantwortlich.

Mannheim, im Friihjahr 2002 Peter Milling
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Kybernetische Uberlegungen beim
Entscheiden in komplexen Systemen

Von Peter Milling

A. Kybernetik und Systemforschung
zur Unterstiitzung von Entscheidungsprozessen

Sowohl in der akademischen Forschung und Lehre als auch bei der prakti-
schen Entscheidungsfindung in Unternehmen oder anderen Systemen gilt es,
diejenige Methode auszuwihlen, die fiir die spezifische Fragestellung die
geeignete ist. Dabei scheint die Konzentration auf drei Aspekte angebracht:
Problemcharakteristika, Ziel und Zweck der Untersuchung sowie Ldsungs-
michtigkeit verfligbarer Methoden. Sie weisen den Weg, welche Verfahren zur
Losung welcher Probleme zur Verfligung stehen und entsprechend heranzuzie-
hen sind (Abbildung 1).

Ausgewdihite Methode(n)

Y _4r 4%

Problem- Losungsmichtigkeit Ziel und Zweck
charakteristika verfiigbarer Methoden der Untersuchung

Abbildung 1: Determinanten der Methodenwahl

Problemcharakteristika. Als typisches Merkmal von Entscheidungssituatio-
nen, wie sie sich in der Technik, der Unternehmensfiihrung und anderen Berei-
chen finden, ist der Begriff der Komplexitit zu nennen. Hierunter wird meist
eine grofe Anzahl von Elementen — der Aspekt der Varietit —, deren vielfiltige
Verkniipfungen — der Gesichtspunkt der Konnektivitit — sowie ihre nichtlinea-



12 Peter Milling

ren und hiufig zeitverzogerten Beziehungen — die Frage der Funktionalitdt —
verstanden.' Abbildung 2 veranschaulicht diese Dimensionen des Komplexi-
titsbegriffs. Die Komplexitdt der zu filhrenden bzw. zu gestaltenden Systeme
fiihrt unmittelbar zu dem ,law of requisite variety, das den Einsatz einer
Problemlosungsmethode fordert, die varietitsméBig mit der realen Problem-
stellung korrespondiert.?

Anzahl der Verkniipfungen zwischen den
Elementen, Verflechtungsdichte

(Konnektivitat)
A

KOMPLEXITAT

Anzahl der Elemente
Art der Verflechtungen (Varietat)

(Funktionalitat)

Abbildung 2: Dimensionen des Komplexititsbegriffs

SolchermaBen beschriebene Systeme sind u. a. dadurch gekennzeichnet, dass
sie kein intrinsisches Gleichgewicht haben, nicht den klassischen, 6konomi-
schen Uberlegungen der perfekten Information geniigen und nicht durch ratio-
nales Verhalten determiniert sind. Es ist z. T. iiberhaupt nicht moglich, bei
komplexen Systemen Systemrationalitit anzunehmen, weil die groBe Anzahl
der Variablen, die Art ihrer Verkniipfung und die daraus resultierende Dynamik
solches Verhalten begrenzen.’

Ziel und Zweck der Untersuchung. Systeme zur Entscheidungsunterstiitzung
sollten danach streben, die konkrete Situation zu erkliren und ein bestimmtes
beobachtetes Verhalten zu verstehen; nicht das Generieren irgendeiner Lésung,

! Vgl. Peter Milling: Systemtheoretische Grundlagen zur Planung der Unterneh-

menspolitik, Berlin 1981, S. 91 ff.; P. N. Murphy: Complex Societal Problem Solving,
A Possible Set of Methodological Criteria, in: Systems Research and Behavioral
Science, Vol. 17 (2000), Nr. 1, S. 73-101.

Siehe W. Ross Ashby: An Introduction to Cybernetics, New York 1958, S. 202 ff.
Vgl. u. a. Herbert A. Simon: The New Science of Management Decision, revised
edition, Englewood Cliffs, N. J. 1977, derselbe: Models of Bounded Rationality,
Cambridge, Mass. 1982.
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Kybernetische Uberlegungen beim Entscheiden in komplexen Systemen 13

bei der unklar bleibt, warum ein bestimmtes Verhalten eintritt, ist ihr Ziel.
Gezielt entschieden, gesteuert und kontrolliert werden kann nur, wenn verstan-
den wird, warum das System in bestimmter Art und Weise reagiert. Das ver-
langt nicht, in allen technischen Einzelheiten unterrichtet zu sein. Ein Autofah-
rer muss nicht verstehen, wie ein Antiblockiersystem (ABS) oder ein elektroni-
sches Stabilititsprogramm (ESP) funktioniert, aber er sollte wissen, was es
bewirkt, wie es einzusetzen ist, wann und wie es gegebenenfalls zu aktivieren
bzw. deaktivieren ist.

Effektive Systeme der Entscheidungsunterstiitzung fiihren zu einem ,,Pra-
missen-Sharing®. Interessenkonflikte, unterschiedliche Ziele und Werte werden
aufgegriffen und transparent gemacht, um die Subjekte, die in den Entschei-
dungsprozess einbezogen sind, zu einem gemeinsamen Wertesystem, zu
gemeinsamen Entscheidungspramissen kommen zu lassen. Auf dieser Basis
soll eine sinnvoll strukturierte Entscheidungsunterstiitzung Szenarien generie-
ren und Antwort geben auf die Frage, was passiert, wenn ...? Was passiert,
wenn der grofite Kunde ausfdllt oder der wichtigste Zulieferer plotzlich nicht
liefern kann oder der Preis fiir einen zentralen Produktionsfaktor sich verdop-
pelt? Antworten auf solche und dhnliche Fragen bilden die Voraussetzungen
sinnvoller Entscheidungsprozesse.

Und schlieilich geht es bei der Entscheidungsunterstiitzung um Handlungs-
konzepte, nicht um das Studieren und Analysieren als Selbstzweck, sondern
darum, zu beeinflussen und zu gestalten. Durch Erkldren und Verstehen von
beobachteten Problemsituationen und Verhaltensformen sollen Entscheidungs-
trager in die Lage versetzt werden, vorausschitzen, zumindest teilweise prog-
nostizieren zu koénnen, wie bestimmte Aktionen sich in der Realitdt auswirken
werden. Es muss im Vorhinein bewusst sein, dass Mafinahmen gewisse Konse-
quenzen nach sich ziehen — diese Kausalitdten miissen nicht notwendigerweise
bis in alle Details gesehen werden, zumindest aber in der Richtung und in der
Grofenordnung. Die Reaktionen der Handlungen diirfen das Entscheidungs-
subjekt nicht schlicht iiberraschen, sonst wurde das System nicht richtig ver-
standen und kann nicht effektiv und effizient gefiihrt werden.

Losungsmdchtigkeit verfiigbarer Methoden. Was steht an Methoden fiir
diese Anspriiche zur Verfligung? Natiirlich die klassischen OR-Verfahren zur
Entscheidungsoptimierung, wie die lineare oder die dynamische Programmie-
rung, diverse Simulationsverfahren, z. B. die Monte-Carlo-Simulation und
andere mehr. Die statistischen Analysen der Okonometrie, aufbauend auf ent-
sprechenden Datenreihen, suchen nach GesetzmiBigkeiten in empirischen Beo-
bachtungen. Aber was passiert in Situationen, in denen Daten nicht in dem
benotigten Umfang zur Verfiigung stehen oder keine Hypothesen iiber die
Zusammenhinge vorliegen oder die vermuteten Gesetzmifigkeiten zu komplex
sind? Hier wird der Einsatz Neuronaler Netze propagiert, die die biologische
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Struktur und Funktionalitit des Gehimes nachahmen, um zu Handlungsemp-
fehlungen zu kommen. Sie erkliren jedoch in keiner Weise, warum eine
bestimmte Aktion gewihlt wird, sondern agieren wie eine Black Box, die auf-
grund von Inputfaktoren sowie nicht expliziter Lernprozesse Mafinahmen vor-
schligt.* Und schlieBlich bieten sich fiir die diskutierten Problemcharakteristika
sowie die genannten Ziele und Zwecke der Untersuchung die kybernetischen
Systemanalysen und hier insbesondere der System-Dynamics-Ansatz an.

System Dynamics ist ein Verfahren, das kybemetisches Gedankengut auf-
greift und die Riickkopplung sowie die damit verbundene Dynamik als die
Essenz sozialer Systeme versteht.” Wihrend aber die Kybemetik als solche,
Handlungssubjekte hdufig mit der Erkenntnis, dass Feedback und Dynamik
existieren, alleine ldsst und keine weitergehenden Hinweise bietet, wie mit
dieser Entscheidungskomplexitit umzugehen ist, unterstiitzt der System-Dyna-
mics-Ansatz die Entscheidungsfindung. System Dynamics stellt eine Struktur-
theorie sozialer Systeme dar und gibt Handlungsanweisungen, wie Systeme
abzubilden, zu studieren und gegebenenfalls zu steuern sind. System Dynamics
erhebt fiir sich den Anspruch einer handlungsorientierten Systemtheorie.

Die zentralen Merkmale des System-Dynamics-Ansatzes bilden die Infor-
mations-Riickkopplung, die Verwendung von (formalen) Modellen und das
Streben nach verbesserten ,,policies” zur Systemsteuerung. System Dynamics
bedeutet ,,the investigation of the information feedback character of systems
and the use of models for the design of improved organizational form and
guiding policy.“® Ein anderes Zitat charakterisiert System Dynamics als ,a
body of theory dealing with feedback dynamics. It is an identifiable set of prin-
ciples governing interactions within systems. It is a view of the nature of
structure of purposeful systems.“” Diese Merkmale erlauben es, Systeme zu
strukturieren und im Einzelnen darzustellen.

Auf der strukturtheoretischen Basis wird es moglich, operational die Kon-
zepte der Kybemetik in Systeme der Entscheidungsunterstiitzung einzubinden,
diese zu analysieren und fiir die Entscheidungsfindung auch und gerade im

Zum Problem der Black Box vgl. z. B. W. Ross Ashby: Design for a Brain. The
Origin of Adaptive Behavior, 2. iiberarbeitete Auflage, London 1972, S. 82 ff.

Das Erkenntnisobjekt der Kybernetik wird teilweise nur auf Regelkreise mit
negativer Riickkopplung als Prototypen einfacher zielsuchender Systeme beschrinkt.
Tatsichlich befasst sich die Kybernetik — ebenso wie die Systemtheorie und System
Dynamics — auch mit positiven Riickkopplungsbeziehungen. Siehe beispielsweise: John
H. Milsum (Hrsg.): Positive Feedback. A General Approach to Positive/Negative
Feedback and Mutual Causality, Oxford et al. 1968.

Jay W. Forrester: Industrial Dynamics, Cambridge, Mass. 1961, S. 13.
Jay W. Forrester: Industrial Dynamics — After the First Decade, in: Management
Science, Vol. 14 (1968), S. 398-415, hier: S. 401.
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Bereich komplexer Systeme zu nutzen. Bei sozialen Systemen sind dabei As-
pekte unterschiedlicher Ebenen und Bereiche zu beriicksichtigen. Wertvorstel-
lungen, Ziele und Interessenkonkurrenzen der Entscheidungstriger spielen hier
eine wichtige Rolle. Nicht alle an den Entscheidungsprozessen Beteiligten
streben dieselben Ziele an, nicht alle handeln auf Basis kongruenter Werthal-
tungen. Auch liegt eine gewisse Ordnung, eine Struktur des Systems vor, die
den Handlungsspielraum begrenzt. Aus diesen subjektiven und objektiven
Gegebenheiten heraus werden Handlungsstrategien abgeleitet. Fiir diese unter-
schiedlichen, aber alle im hochsten Mafle entscheidungsrelevanten Sachver-
halte finden sich in der englischen Sprache die Bezeichnungen polity, policy
und politics; im Deutschen fehlt ein entsprechendes begriffliches Instrumenta-
rium.® Politics bezeichnet die Ebene der Werthaltungen, policy umfasst die
Strategie der Handlungsvorgehensweise und polity definiert die Struktur und
den vorgegebenen Rahmen der Entscheidungsfindung des Systems. Die Abbil-
dung 3 verdeutlicht dies exemplarisch fiir den Bereich der Unternehmenspoli-
tik.

nehmens-
politik

politics

Werte, Ziele und Interessenkonkurrenzen
der Entscheidungstrager

Abbildung 3: Dimensionen unternehmenspolitischer Entscheidungsprozesse

Mit den unterschiedlichen Perspektiven und Dimensionen wird offensicht-
lich, dass es sich bei der Unterstiitzung von Entscheidungsprozessen in kom-
plexen Systemen, wie der Festlegung der Unternehmenspolitik, nicht um trivi-

8 vgl. Volker von Prittwitz: Politikanalyse, Opladen 1994, S. 11 ff.
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ale Anforderungen handelt. Ein Ansatz wie System Dynamics, der hier eines
seiner wesentlichen Anwendungsgebiete sieht, hat schwierige methodische
Hiirden zu bewiltigen und hohen Anspriichen, was die Losungsqualitit und
-zuverldssigkeit der Handlungsempfehlungen betrifft, zu geniigen.

B. Leitmotive von System Dynamics

Die grundlegenden Konzepte des System-Dynamics-Ansatzes sollen anhand
von drei axiomatischen Aussagen verdeutlicht werden, ndmlich zur Dynamik
und Riickkopplung, zum Einsatz von Modellen und Simulationen sowie zu dem
nomologischen Anspruch von System Dynamics als einer allgemeinen Sys-
temtheorie.

I. Dynamik und Riickkopplung

Die Informationsriickkopplung ist das zentrale Bauelement sozialer Sys-
teme; alle lebenden Systeme sind Riickkopplungssysteme, oder umgekehrt
formuliert, ohne Riickkopplung existiert kein Leben. Um die mit dem Feed-
back-Gedanken einhergehenden Konsequenzen fiir die Systemdynamik zu
verdeutlichen, soll folgendes Beispiel dienen:

In der Zeit des ,,Kalten Krieges* bedrohte das atomare Wettriisten den Fort-
bestand der menschlichen Existenz. Aus der begrenzt rationalen Perspektive
eines der Handlungssubjekte, etwa aus Sicht der USA, wird beobachtetet oder
vermutet, dass der Gegner, die damalige UdSSR, eine gewisse Anzahl von
Atomsprengkopfen zur Verfligung hat. Daraus erwichst eine tatsdchliche oder
vermeintliche Bedrohung der USA und zwingt diese, der Gefdhrdung zu be-
gegnen. Um mit dem Feind Schritt zu halten oder besser ihn zu iibertreffen,
miissen die USA »hachriisten. Das ist — isoliert betrachtet — die rationale, fast
zwangsldufige Vorgehensweise. Auf der anderen Seite von Atlantik und Pazifik
sieht die UdSSR nun das Atomwaffenarsenal der USA anwachsen und fiihlt
sich ihrerseits bedroht, woraus auch fiir die UdSSR die Notwendigkeit zur
Nachriistung resultiert. So schaukelt sich der Prozess in positiver Riickkopp-
lung auf.

Beide Argumentationsschienen sind in sich schliissig und in linearer bzw.
isolierter Betrachtung fast ohne Widerspruch hinzunehmen. Sie werden in ihrer
gesamten Dynamik und Komplexitit erst deutlich, wenn beide Argumentati-
onsketten gekoppelt werden, wenn ein geschlossenes System, ein Regelkreis
betrachtet wird. Dann wird unmittelbar erkenntlich, dass dieses System iiber
alle Ingredienzien eines ,,Teufelskreises* verfiigt und zu einer Riistungsspirale
fiihrt (Abbildung 4). Ahnlich wird teilweise die Situation hinsichtlich der



Kybemetische Uberlegungen beim Entscheiden in komplexen Systemen 17

,»National Missile Defense*-Initiative der US-Regierung als potenzieller Aus-
16ser neuer Riistungsbemiihungen eingeschitzt.

] |
Anzahl Atomsprengképfe der USSR Notwendigkeit zur Aufriistung der UdSSR
Sortimentsbreite von A Produktstrategie von A
[
Bedrohung der USA Bedrohung der USSR
Wettbewerbsnachteil von B Wettbewerbsnachteil von A

!

Notwendigkeit zur Aufriistung der USA  Anzahl der Atomsprengképfe der USA
Produktstrategie von B Sortimentsbreite von B

Abbildung 4: Von der isolierten und linearisierten ,,Weltsicht*
zum Systemdenken

Struktur und Ergebnisse des Beispiels lassen sich mit geringen Modifikatio-
nen auf weitere, insbesondere betriebswirtschaftliche Bereiche iibertragen, z. B.
auf das Problem der Sortimentsvielfalt im Unternehmen. Dort finden sich die
gleichen Argumentationsketten: Unternehmen A bietet eine bestimmte Sorti-
mentsbreite an. Daraus resultiert ein zumindest vermeintlicher Wettbewerbs-
nachteil des Unternehmens B, also meint B, mit einer neuen Produktstrategie
nachziehen zu miissen, um den vielen unterschiedlichen Produkten von A zu
begegnen. Die breitere Sortimentspalette fiihrt zu Reaktionen der Konkurrenz,
und es entwickelt sich aus der Forderung nach Kundenorientierung ein Zyklus
stindig steigender Sortenvielfaltkosten, der das Betriebsergebnis belastet und
die Uberlebensfihigkeit bedroht. Es findet sich genau die Ablaufsequenz mit
geringfiigig anderen begrifflichen Interpretationen wie beim Wettrtisten.

Die phanomeniibergreifende Anwendbarkeit von Erkenntnissen iiber Zusam-
menhidnge und Abliufe unterschiedlicher Probleme, die aber isomorph oder
zumindest homomorph strukturiert sind, ist ein wichtiges Merkmal des System-
ansatzes. Um aber die Dynamik in toto und nicht die einzelner Komponenten
zu erkennen, ist es notwendig, sich von der isolierten Betrachtung ,x beein-
flusst y*“ zu 16sen und eine Systemsicht einzunehmen.

Die Welt ist nicht so simpel strukturiert, um sie in einem einzigen Feedback-
Loop darstellen zu kénnen. Ein in realen Dimensionen noch einfaches System
besteht aus einer Vielzahl vermaschter Regelkreise. Bei der Analyse solcher

2 Milling
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Systeme geht es in aller Regel nicht um einzelne Entscheidungen, was in einer
spezifischen Situation getan werden soll, sondern um das Entwickeln allgemei-
ner Verhaltensregeln, um policies, die angeben, wie unter bestimmten Verhilt-
nissen Entscheidungen getroffen werden. Nicht die isolierte Handlungszlterna-
tive — etwa bei der Lagerhaltung, wie viel Stiick in einer bestimmten Situation
zu bestellen sind — steht im Mittelpunkt, sondern die Frage nach der Bestellpo-
litik oder nach der Innovationspolitik oder der Personalpolitik und den Wir-
kungen, die sich daraus fiir das System im Ganzen ergeben. Diese Fragestel-
lungen fiihren an die Grenze des klassischen Systemdenkens; benétigt wird ein
Medium, um mit der Komplexitit des Systems, den vielfiltigen, vermaschten
Regelkreisen und den daraus resultierenden Verhaltenskonsequenzen umgehen
zu konnen: Dieses Medium ist das formale Modell.

I1. Modelle und Simulation

Nur ein System, dessen verhaltensrelevante Merkmale verstanden werden,
ist zuverldssig zu steuern und zu kontrollieren. Dieses Postulat des Verstehens
und Erkldrens unterliegt einer rationalen — bzw. begrenzt rationalen — Unter-
nehmenspolitik, die sich dessen bewusst ist, warum bestimmte Ereignisse bzw.
Verhaltensformen eintreten und somit in die Strukturen und/oder in die Pro-
zesse gezielt eingreifen kann. Das fithrt zum Einsatz von Modellen und zur
Simulation bei der Modellanalyse. Alle rationalen Entscheidungen basieren auf
Modellen — seien sie implizit-mentaler oder explizit-formaler Natur.’ Fiir die
Kybemetik bedeutet diese Aussage nur eine andere Formulierung des Conant-
Ashby-Theorems ,,Every good regulator of a system must be a model of that
system“'® (Abbildung 5).

Mentale Schlussfolgerungsprozesse verfiigen iiber bemerkenswerte Stirken
in ihrer Heuristik. Sie vermogen sehr wohl zu unterscheiden, welche Faktoren
relevant sind und welche nicht; sie weisen aber auch erhebliche Schwichen
dadurch auf, dass sie unscharf formuliert und nur schwer zu kommunizieren
sind. AuBlerdem verdndern sie sich stindig, ohne dass dies den am Entschei-
dungsprozess Beteiligten deutlich wird. Beide Typen von Modellen werden in
aller Regel durch eine Form der Simulation analysiert, durch die Uberlegung,
was passiert, wenn ...?, welche Konsequenzen hat eine Malnahme, wie reagiert

° Vgl. Stafford Beer: Decision and Control. The Meaning of Operational Research

and Management Cybernetics, Chicester et al. 1966, S.100; Herbert Stachowiak:
Denken und Erkennen im kybernetischen Modell, 2. verbesserte Auflage, Wien — New
York 1969, S. 9 ff.

10 Roger C. Conant und W. Ross Ashby: Every good regulator of a system must be a
model of that system, in: International Journal of Systems Science, Vol. 1 (1970), No. 2,
S. 89-97.
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der Konkurrent etc.? Dies kann das Ergebnis eines spezifischen, impliziten
Simulationsprozesses sein oder etwa durch den Einsatz der Computersimula-
tion erfolgen.

»Politics*
| Ziele,
P‘ Werte
|
»Policy” Modell Aktion - System
Umwelt-
daten

7y »Polity*

Abbildung 5: Modelle in Entscheidungsprozessen

Schon bei der Festlegung, welche Informationen und Daten heranzuziehen
sind, spielt der Politics-Prozess mit den involvierten Interessen, Zielen und
Werten eine ebenso groBe Rolle wie die Aspekte der Polity, also der Struktur
des Systems. Bei umfangreicheren impliziten Modellen sind die Entscheidungs-
subjekte mit dem Problem der eng begrenzten mentalen Kapazitit konfrontiert,
die sich auf die Beriicksichtigung von 7 + 2 Elementen beschrinkt.'' Wenn die
Anzahl der Systemelemente die kritische Grenze iibersteigt, wird — hédufig un-
bewusst — vereinfacht, indem immer nur die Variablenzahl, die kognitiv be-
herrscht wird, Beriicksichtigung findet; dariiber hinausgehende Aspekte werden
vernachlissigt. Es wird so nur ein Ausschnitt der Realitdt betrachtet bzw. ana-
lysiert, der Rest bleibt unberiicksichtigt. Bei der Befassung mit komplexen
Systemen konnen diese aber nicht so vereinfacht werden, dass sie sowohl dem
Postulat des 7 + 2 als auch dem Gesetz der erforderlichen Varietit geniigen.

Insbesondere das konstitutive Element der Kybermetik, die Riickkopplungs-
struktur, schafft besondere Schwierigkeiten, ihre Verhaltenskonsequenzen in-

'l Siehe George A. Miller: The Magical Number Seven, Plus or Minus Two: Some
Limits on Our Capacity for Processing Information, in: Psychological Review, Vol. 63
(1956), S. 81-97.
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tuitiv zu erkennen. Forrester und Sterman haben in mehreren Untersuchungen,
z.T. mit empirischen Experimenten, deutlich gemacht, dass die Existenz von
Feedback leicht zu kontra-intuitivem oder dysfunktionalem Verhalten fiihrt.'?
Der menschliche Geist ist offensichtlich nur begrenzt in der Lage, die Dynamik
von riickgekoppelten Systemen zu erfassen. Er ist geschult, linear-isolierend zu
denken und zu argumentieren. Wenn vergangene Entscheidungen sich auf die
Primissen kiinftiger Entscheidungen auswirken, ergeben sich Schwierigkeiten.

Daraus folgt ein Plidoyer fiir den Einsatz formaler Modelle bei der Unter-
stiitzung von Entscheidungen einer gewissen Komplexitit. Nur sie sind in der
Lage, die angesprochenen Schwachstellen zu umgehen. Die Computersimula-
tion erlaubt es, komplexe Systeme in all ihren Facetten zu erstellen und zu ana-
lysieren. Sie erméglicht es, eine Instruktionssequenz in fast beliebigem Umfang
liickenlos, fehlerfrei und in sich logisch konsistent nachzuvollziehen. Daraus
ergibt sich erstens das Postulat der Notwendigkeit von Modellen beim Prob-
lemlésen — was kein Petitum sondern nur das Konstatieren der Wirklichkeit
ist — und zweitens die Forderung nach formalen Modellen, um die Pramissen
deutlich machen und auch formal — insbesondere durch Computersimulation —
analysieren zu konnen.

II1. Nomologien und Strukturtheorie

Die Forderung nach Heranziehen formaler Modelle fiir unternehmenspoliti-
sche Fragestellungen verlangt entsprechende Méoglichkeiten der praktischen
Umsetzung. Der System-Dynamics-Ansatz entwickelt sich zu einer Allgemei-
nen Systemtheorie; durch ihn kénnen unterschiedliche Phinomene, die erkannt,
analysiert und verstanden wurden, auf andere Bereiche iibertragen werden,
soweit diese homomorphe oder gar isomorphe Strukturen aufweisen. Wurde
beispielsweise verstanden, wie die Zinseszinsformel wirkt — wie Zinsen zu
zusdtzlichem Kapital und damit zur Basis zukiinftiger Zinsen werden —, dann
kann dieses mathematische Modell angewandt werden, um etwa Bevélkerungs-
prozesse zu erldutern. Mathematisch unterliegt beiden die gleiche Struktur.
Wenn die Dynamik von Wachstumsraten und Verdoppelungszeiten erkannt
wurde, ist dies ceteris paribus iibertragbar auf andere Phinomene vergleichba-
rer Struktur. Ein prominentes Beispiel dieses Zusammenhanges bietet das Bass-
Modell der Diffusion neuer Produkte im Markt, das auf mathematischen

"2 Siehe Jay W. Forrester, Counterintuitive Behavior of Social Systems, in: Collect-
ed Papers of Jay W. Forrester, Cambridge, Mass. 1975, S. 211-244; John D. Sterman:
Modeling Managerial Behavior: Misperception of Feedback in a Dynamic Decision
Making Experiment, in: Management Science, Vol. 35 (1989), No. 3, S. 321-339, hier:
S. 334 ft.
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Zusammenhingen beruht, die aus der Verbreitung von Epidemien bekannt
wurden. "

System Dynamics sieht die Realitdt als mehrstufige Hierarchie und bietet
Gestaltungshinweise zu ihrer Abbildung. Das zentrale Bauelement bildet die
geschlossene Systemgrenze. Geschlossen heift hier nicht, dass keinerlei Trans-
fers iiber die Grenze hinweg stattfinden. Die Systemgrenze ist vielmehr so zu
legen, dass sie keine Riickkoppelungsbeziehungen durchtrennt, denn para-
digmatisch ist der Feedback-Loop entscheidend fiir das Systemverhalten, und
folglich wird die Systemabgrenzung durch die verhaltensrelevanten Feedback-
Loops bestimmt. Alle verhaltensrelevanten Regelkreise miissen in die Uberle-
gungen mit einbezogen sein. Was relevant ist und was nicht, ist ein eminentes
Problem, dessen Losung ein gutes System-Dynamics-Modell von einem durch-
schnittlichen oder gar schwachen unterscheidet. Grundsitzlich gilt es, das
Modell zu ermitteln, das mit der geringsten Anzahl von Variablen und Relatio-
nen das zu untersuchende Problem erklirt und die wesentlichen Ansatzpunkte
zur Verhaltensbeeinflussung umfasst.

Zwei Variablen sind notwendig aber auch hinreichend, um Systeme abzubil-
den: ZustandsgroBen und FlussgroBen. Zustandsgré8en sind die Akkumulation
oder Integration der FlussgroBen. Deren Substruktur stellt die letzte Ebene der
Systemhierarchie dar. Sie lisst sich untergliedern in eine ZielgréBe, in eine
beobachtete Zielerreichung — tatsichlicher und beobachteter Systemzustand
sind beileibe nicht immer identisch — und eine daraus resultierende Zielabwei-
chung. Aus dieser Diskrepanz wiederum ergibt sich eine Aktion, um Ziel- und
Istwert anzugleichen. Diese Struktur entspricht dem allgemeinen Modell im
Entscheidungsprozess, das oben im Zusammenhang mit dem Conant-Ashby-
Theorem angesprochen wurde (Abbildung 6).

Auf dieser Basis bietet der System-Dynamics-Ansatz detaillierte Handlungs-
anweisungen, wie im Einzelnen beim Modellaufbau vorzugehen ist. Der
Modellbildungsprozess beginnt mit einer Systembeschreibung, die in die Riick-
kopplungselemente bzw. in die Zustands- und FlussgréB8en iibertragen und dann
zu einem mathematischen Modell formuliert und parametrisiert wird. Die
Daten und die Frage ihrer Verfiigbarkeit stehen nicht am Beginn des Modell-
entwicklungsprozesses; am Anfang stehen vielmehr Beobachtungen und
Hypothesen iiber die Realitit. Erst dann wird das Modell mit Daten versehen,
analysiert, getestet, Vorschlige fiir neue Policy-Strukturen werden erarbeitet,
die Erkenntnisse mit den ,,problem-owners“ diskutiert und schlieBlich die
Ergebnisse im Realsystem implementiert.

13 Vgl. Frank M. Bass: 1969. A New Product Growth Model for Consumer Dura-
bles, in: Management Science, Vol. 15 (1969), No. 5, S. 215-227.
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»Geschlossene“ Systemgrenze

Regelkreis(e)

Zustandsvariable (Levels, Stocks)
Flussvariable (Rates, Policies)

Ziel

Beobachtete Zielerreichung
Zielabweichung

Aktion

Abbildung 6: Strukturhierarchie von System Dynamics

Jedes gute System-Dynamics-Modell ist eine ,Theorie®, ein Satz von
Hypothesen. Jede Hypothesenkomponente sollte ihr reales Gegenstiick haben,
und jedes problemrelevante Element in der Realitdt sollte im Modell abgebildet
sein. Keine problemrelevanten Elemente der Realitét bleiben unberiicksichtigt,
nur weil keine Zahlen oder Daten dariiber vorliegen. Die schlechte Schitzung
eines relevanten Parameters ist besser, als Zusammenhidnge und Parameter
generell auszuschliefen und ihnen damit implizit den Wert Null zuzuweisen.

C. Lehraktivititen auf dem Gebiet der
kybernetischen Systemanalyse

Welche Konsequenzen ergeben sich aus den Erkenntnissen iiber die Bedeu-
tung von Feedback-Beziehungen fiir die akademische Lehre? Im Grundstudium
der Betriebswirtschaftslehre werden die Studenten mit so zentralen Sachver-
halten wie dem Einfluss des Preises auf die Nachfrage oder den Auswirkungen
der Kapazititsauslastung auf die Stiickkosten konfrontiert. Die Stiickkosten
ihrerseits wirken sich — zumindest langfristig — auf den Preis aus, und die Wei-
terfiihrung der Argumentationskette schliefit einen (positiven) Feedbackloop
(Abbildung 7).

In der akademischen Ausbildung werden die geschilderten Zusammenhinge
weitgehend aufgeteilt und isoliert in getrennten Veranstaltungen wie , Mikro-
6konomie®, ,,Produktionswirtschaft®, , Kostenrechnung* und ,Marketing“ ge-
lehrt; die iber die einzelne Relation hinausgehende Systemperspektive findet
nahezu keine Beachtung, sie steht zumindest nicht im Mittelpunkt. Die Zusam-
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menhinge werden konsequent zertrennt und in einzelne Elemente aufgeldst, die
aus ihnen resultierenden Systemeigenschaften — ,,das Ganze ist mehr als die
Summe seiner Teile" — bleiben weitgehend unberiicksichtigt, die inhirente
Dynamik kann so nur rudimentir erfasst werden.

Kostenrechnung Marketing
KA = StK Stk P
Stiickkosten
/v (StK)
Kapazitits- \
auslastung (KA) Preis (P)
+
N X KA P = N
Nachfrage
(N)
Produktionswirtschaft Mlkrookonomle

Abbildung 7: Elemente eines Feedback-Loops

Am Industrieseminar der Universitit Mannheim wird versucht, dieses Defi-
zit zumindest in der Lehre des Hauptstudiums zu kompensieren. Angeboten
wird neben ,klassischen Veranstaltungen zur Industriebetriebslehre sowie ein-
und fortfithrenden Kursen in System Dynamics auch das Unternehmensplan-
spiel LEARN! Seinen Kern bildet ein aus mehreren Forschungsprojekten zum
Innovations- und Technologiemanagement hervorgegangenes Modell. In den
Veranstaltungen zu LEARN! emulieren jeweils 4—6 Studenten den Vorstand
eines von insgesamt vier Unternehmen, die mit ihren Produkten auf einem
gemeinsamen Markt konkurrieren. Die Teilnehmer miissen viele der typischen
Entscheidungen treffen, die bei der Geschiftsfilhrung in der Industrie anfal-
len."* Dies verlangt auch, die Vorstandskollegen von der Qualitit der Argu-
mente zu iiberzeugen, zu einem Beschluss im Kollegialorgan zu kommen und

* Fiir Einzelheiten siche Peter Milling: Managementsimulationen im ProzeB des
Organisationalen Lernens, in: Markus Schwaninger (Hrsg.): Intelligente Organisationen,
Berlin 1999, S. 461-472.
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ihn umzusetzen. Neben individuell verbesserten Einsichten in die kritischen
Erfolgsfaktoren und die komplexen Systemreaktionen, fordert das Planspiel so
kooperative Lernprozesse.

Im Verlauf der Spielsitzungen sind u. a. Entscheidungen zu treffen, um
durch Forschung und Entwicklung neue Produkte zur Marktreife zu entwickeln,
entsprechende Produktionskapazititen bereitzustellen sowie Verfahren zur
Weiterentwicklung der technischen Leistungsfihigkeit und/oder zur Kosten-
senkung zu erarbeiten. Innovationsstrategie (time to market, time to volume),
Ressourcenakquisition und -allokation sowie der Einsatz des absatzpolitischen
Instrumentariums sind hierbei zentrale Aktionsvariablen. Die Handlungen tref-
fen am Markt auf die Entscheidungen der Konkurrenzunternehmen und perpe-
tuieren die Dynamik des Strategiefindungsprozesses. Abbildung 8 zeigt die
Entscheidungskomplexe und ihre Zusammenhinge im Uberblick.

Finanzierung Absatz

Marketing —T

Y A Y Y

Personal -»| Produktion > Kosten Erlose
A A T
F&E
\} Y
Produktions- Eraebni
mittel - rgebnis

Abbildung 8: Entscheidungsbereiche im Unternehmensplanspiel LEARN!

Der Wechsel zwischen verschiedenen Fiihrungsbereichen erlaubt den Teil-
nehmern im Spielverlauf aus mehreren Entscheidungsperspektiven Einsichten
in die Sachzwinge des Systems. Dabei wird deutlich, wie Unternehmensstruk-
turen und Marktgeschehnisse Handlungen erfordern oder beabsichtigte MaB-
nahmen verhindern. Das vermehrte Verstidndnis fiir funktional unterschiedliche
Interessen sowie Diskussionen iibergeordneter, gemeinsam zu verfolgender und
nur gemeinsam zu erreichender Ziele wirken der engen, ja isolierenden Spezia-
lisierung des ,,Taylorismus” entgegen. Der Konsens iiber auch metaskonomi-
sche Wertordnungen — der Bereich der politics in den oben angesprochenen
Dimensionen unternehmenspolitischer Entscheidungsprozesse — fiihrt zu einer
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»shared vision* fiir die Entwicklung und schafft eine tragfihige Basis fiir das
Entstehen einer lernenden Unternehmung.

Das Unternehmensplanspiel verdeutlicht didaktisch nachhaltig, wie die ein-
zelnen Bereiche im Unternehmen — aber auch die einzelnen Lehrveranstal-
tungen des Studiums — zusammenwirken. Eine Steigerung des Absatzes geht
einher mit dem Anstieg des Umlaufvermogens, dieses muss finanziert werden,
was die Kosten beeinflusst etc. Die direkte Konfrontation mit den wechsel-
seitigen Beziehungen verdeutlicht manches, was im Studium an Verkniipfun-
gen und an daraus resultierenden Verhaltenskonsequenzen nicht einsichtig
wurde. Die Studenten schiitzen diese Art der Lehrveranstaltung und heben in
der Evaluierung hervor, dass sie hier Zusammenhiinge erkennen und so das
Gedankengut von Kybemetik und Systemforschung in der Anwendung erfah-
ren.

D. Anforderungen an Modelle zur Unterstiitzung von
Entscheidungen in komplexen Systemen

Der bewusste Einsatz von Modellen, insbesondere formaler Modelle, und
deren Analyse sind fiir die rationale Unterstiitzung von Entscheidungsprozessen
von unabdingbarer Voraussetzung. Modelle sozialer Systeme sind extrem ver-
einfachte Abbilder der Realitit. Von vielen Aspekten der Wirklichkeit muss
abstrahiert werden: Es erfolgt notwendigerweise die Konzentration auf einige
Ausschnitte. Um diesen Prozess sachgerecht zu gestalten, muss bekannt sein,
welche Aspekte im Fokus des Interesses stehen, wozu eine klare Problemstel-
lung und -definition benétigt wird. Ohne klar definierten Problembezug ist
dieser Vereinfachungsprozess nicht sinngerecht durchfiihrbar, weil der Filter
fehlt, der das Wichtige vom Unwichtigen, das Problemrelevante vom Irrele-
vanten trennt. Es kann nicht ein Modell einer Unternehmung oder irgendeines
anderen Systems schlechthin entwickelt werden — die Komplexitit wire iiber-
wiltigend und die Problemrelevanz dennoch nicht gegeben —, sondern nur ein
Modell fiir eine bestimmte Entscheidungssituation.

Modelle sollen einen bestimmten Zweck erfiillen, und nach dieser Zwecker-
fiillung sind sie zu beurteilen; es kommt also bei der Beurteilung der Modell-
qualitit darauf an, was mit dem Modell erreicht werden soll. Ist die Lagerhal-
tung zu optimieren oder ein Szenario fiir den Fall zu erstellen, dass eine wich-
tige Bezugsquelle ausfillt? Sollen die Kapitalkosten minimiert oder eine Finan-
zierungsstrategie fiir die langfristige Expansion ermittelt werden? Unterschied-
liche Fragestellungen werden unterschiedliche Modelle erfordern. Nur ein kla-

15 Siehe Peter Milling: Managementsimulationen im Proze3 des Organisationalen
Lernens.
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rer Zielbezug bietet die Orientierung zur Beurteilung der Modellvaliditit. Trotz
der Losungsmichtigkeit von System Dynamics und der Leistungsfihigkeit der
entsprechenden Software darf nicht iibersehen werden, dass fiir viele Problem-
stellungen dieser Ansatz nicht der richtige, zumindest nicht der optimale ist:
Fiir seinen methodisch angemessenen Einsatz miissen spezifische Gegebenhei-
ten, insbesondere die Dominanz der Riickkopplungsbeziehungen, vorliegen.

Bei der sinnvollen Verwendung formaler Modelle muss die Modellstruktur
die bedeutsamen Zusammenhinge erfassen und deren Verhaltenswirkungen
erklidren: Die Struktur beeinflusst das Verhalten. Nur wenn aus den Einfluss-
faktoren heraus erklirt werden kann, warum ein bestimmtes Verhalten eintritt,
ist es nachzuvollziehen. Nur dann kann verstanden werden, warum und wie
eine MaBinahme bestimmte Konsequenzen verursacht. Wenn es Aufgabe der
Systemanalyse ist, rationale Handlungsempfehlungen fiir die Systemgestaltung
zu geben, ist die Erklirungsfunktion unabdingbar. Sonst kénnen aus dem
Modell und seiner Analyse keine verlédsslichen Schliisse gezogen werden.

Eingreifende Mafinahmen in das System miissen in Realitit und Modell kor-
respondieren; es muss eine eindeutige Relation zwischen einer Handlungsemp-
fehlung und der Verhaltenskonsequenz vorliegen, d. h. die Umsetzung der vor-
geschlagenen Entscheidung muss realiter zu den erwarteten Ergebnissen fiih-
ren. Diese Ubereinstimmung braucht nicht bis ins Detail zu reichen — Abwei-
chungen zwischen der Modellumgebung und der realen Entscheidungssituation
sind, bei sozialen Systemen per definitionem, unvermeidlich, aber es muss eine
robuste Beziehung bestehen. Sonst kann auf dieser Basis nicht verlisslich und
verantwortungsvoll gestaltet werden.

Nur bei Vorliegen dieser in groben Ziigen aufgelisteten Voraussetzungen,
vermag ein Modell effektiv zur Unterstiitzung von Entscheidungen in komple-
xen Systemen herangezogen werden. Dann aber vermag der Prozess der
Modellbildung und -analyse Zusammenhinge aufzudecken und zu verdeutli-
chen, die ohne eine solche Vorgehensweise eventuell nicht. erkannt worden
wiren. Damit erdffnet sich ein bedeutsames Potenzial zur Unterstiitzung fiir das
Entscheiden in komplexen Systemen.



Steering away from Scylla, Falling into Charybdis:
The Importance of Recognising, Simulating and
Challenging Reinforcing Loops in Social Systems

By David C. Lane and Elke Husemann

A. The Context and Approach of this Paper

This paper is written from the perspective of two system dynamicists
looking towards the broader community of system scientists. In essence, we
should like to offer a single observation: that we should place as much attention
and emphasis on reinforcing loops as we do on balancing loops. To support this
proposition, using ideas from system dynamics (Forrester, 1961; 1968), we
shall approach reinforcing feedback effects in three ways.

We shall begin by illustrating the existence, indeed, the ubiquity of
reinforcing effects through a range of examples and argue that it is essential
that these potentially extremely powerful effects not be overlooked. Turning to
the necessity for careful evaluation of the impact of any reinforcing effect, there
follows a brief discussion of the importance of computer simulation. Finally, by
considering the danger of overestimating, instead of overlooking, the power of
reinforcing loops, we hope to demonstrate the importance of trying to
understand complex social systems and thereby accepting human responsibility
for their behaviour.

The following opening section outlines the context of the paper further and
sets the stage for an exploration of these three approaches.

I. Feedback in Cybernetics and Systems Science

The title of this article is drawn from Homer’s “Odyssey”. This seemed
appropriate for a paper first given at a meeting of the Gesellschaft fiir Wirt-
schafts- und Sozialkybernetik. 1t is that last word — Cybernetics in English —
that takes us back to Ancient Greece. As the reader will know, it is drawn from
the ancient Greek word kvBepynmg (or kufepving) meaning steersman, or pilot.
The Greek pilot steering his ship expresses one of the most important features
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of the “systems approach”: control (Figure 1). This is negative feedback, or a
balancing loop as we might also say in system dynamics." We use balancing
loops to control social systems, moving towards some desired state, steering
away from problems. Similarly, Odysseus steered his ship towards his home of
Ithaca, always trying to avoid the many perils waiting for him.

Viewed from the perspective of system dynamics, cybernetics — and the
system sciences generally — seem to place most emphasis on balancing loops.
That emphasis is present in a rich array of applications of systems ideas; for
example, in regulators for water clocks and steam engines (q.v.). It can be
found in the work of Wiener (1948) and in that of Ashby (1956), where the
primary interest is in balancing loops. It continues today in the ideas of Beer
(1981; 1985) and Checkland (1981; 1985).

Figure 1: Detail from a black-figured kylix (drinking cup) showing a kubernitis, or
steersman, at work on a merchant vessel. Made in Athens, about 520-500 BCE.
Found in a tomb at Vulci, Etruria. Blacas Collection, GR 1867.5-8.963,

BM Cat Vases B436. Copyright British Museum, London.

Why did this emphasis on balancing loops come about? Perhaps because
there are so many balancing effects observable in the world. There is docu-

Formally, in negative feedback loops the net rate of change of the state variable
with respect to that state variable is negative, that is:
d Net Rate / d State Variable < 0.
In isolation such loops produce goal-seeking behaviour over time, the value of the
state variable moving exponentially towards some asymptotic value because the
system’s eigenvalues have negative real parts.
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mentary evidence of this feedback idea in the third century BCE in a descrip-
tion of a regulator for a water clock (Mayr, 1970). In the 18th century AD regu-
lators were introduced for steam engines; a mathematical description of the way
they function appeared in the following century (Maxwell, 1867). Both cases
are examples of the idea of control that steers the system towards some goal,
away from undesired states.

However, very different feedback effects may also be observed in the world:
reinforcing loops. A snowball, tumbling down a wintry mountain slope, grows
larger and larger. We can watch it grow exponentially just as we may notice the
similar growth in a population, money in a bank account, or the stock of
scientific knowledge. These are all reinforcing feedback effects.’

Where such effects have welcome consequences — as in the bank account —
we refer to them as “virtuous circles”. But reinforcing loops can also produce
unwelcome consequences, as in the case of an epidemic or an unpaid debt.
These vicious circles have the capacity to destroy a system by sucking it into a
spiral of disaster.

That such reinforcing feedback effects may be observed is reason enough to
say that they should be taken into account. Mere intellectual completeness
though would not suffice to argue that much more emphasis should be placed
on them than is generally the case in the system sciences. However, as we shall
attempt to show below, failure by decisions makers to account for reinforcing
effects can have serious consequences.

I1. Scylla and Charybdis

The need to consider both balancing loops and reinforcing loops is
conveniently illustrated by Odysseus’ encounter with Scylla and Charybdis.
The story is familiar from Homer. Odysseus is advised by the goddess Circe
that his boat must pass between two rocks. The highest is the home of Scylla, a
repulsive six-headed monster that will kill some of his crew:

“No crew can boast that they ever sailed their ship past Scylla unscathed, for from
every blue-prowed vessel she snatches off a man with each of her heads.”
(Homer, 1991, 1.97-100, p.181-2)

2 Formally, with positive feedback loops the net rate of change of the state variable
with respect to that state variable is positive, so:
d Net Rate / d State Variable > 0.
In isolation such loops produce exponentially growing or declining behaviour over
time, the value of the state variable tending towards the point at +cobecause the system’s
eigenvalues have positive real parts.
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This then appears to be an obvious problem with an equally obvious
solution; the sensible thing is for the ship’s pilot to steer away from it.
However, Odysseus is told that steering away from Scylla, closer towards the
other rock, could lead to his ship falling into the deadly whirlpool of Charybdis:

“Charybdis sucks the dark waters down.” (1.104, p.182)

The consequence of this is worse; if the boat is gripped by the currents of
Charybdis it be will pulled further and further down into the vortex:

“Not even the Earthshaker could save you from destruction.” (1.108, p.182)

Should Odysseus’ ship, by steering far away from Scylla, fall into Charybdis
then all will die.

If Scylla represents the problems that we try to steer away from using
balancing loops, the dangers of Charybdis are those of a powerful reinforcing
loop, all the more dangerous if its existence is overlooked or its potential
underrated.

Odysseus’ choice was to lose six men to the monster Scylla or to steer away
from this definite problem but risk that the lives of the entire crew of his ship
would be lost in the waters of Charybdis. It may seem unlikely at first sight, but
we shall seek to demonstrate that actors in complex social systems may find
themselves confronted by situations which require similarly stark decisions.

I11. Three Approaches to Reinforcing Loops

Ultimately, the story of Odysseus’ encounter with Scylla and Charybdis
illustrates the prudence of looking for the whole picture, of paying as much
attention to the existence of reinforcing loops as to that of balancing loops. In
order to bring reinforcing loops into our thinking when it comes to decision
making in complex social systems, we would suggest three approaches towards
these important elements. An exploration of these forms the core of this paper.

First, for any complex system, at a purely conceptual level, the question of
the existence of reinforcing loops must always be considered. Decision makers
must be open to this possibility, including the idea that such loops may be
vicious circles and therefore best avoided. We shall illustrate the importance of
this with several examples.

Second, where the existence of reinforcing loops is under consideration,
computer simulation modelling will often be necessary. Whether it is used to
assess their impact or to consider responses to their existence, formal modelling
will almost always bring vital benefits. This is a point well known to the system
science community and so we shall touch on it only briefly.
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Third, we have to make a crucial distinction between the importance of
reinforcing loops and the inevitability of their impact. Sometimes, the latter is
seen as fate, even though the concern is with social systems for which human
actors bear responsibility. To regard reinforcing loops as beyond human
understanding and control would be as disastrous as it would be to neglect them
altogether as an example shall show.

In the following sections we turn to these three approaches in more detail.

B. The First Approach: Think About the Possibility
of Reinforcing Loops

The first thing to do if we wish to shift the emphasis a little more towards
considering reinforcing effects is to be open to the possibility that such loops
may exist in any system we are examining. Social systems can contain
powerful reinforcing loops; these might be virtuous circles to be welcomed but,
in order to underline the dangers of neglecting them, in this section we will
focus our attention on highly destructive vicious circles. These anyone would
wish to avoid, just as Odysseus gave the order to his crew:

“Give a wide berth to that foaming surf” (1.220, p.185)

Where might reinforcing loops occur? In a very wide range of situations, as
the following examples indicate.

I. “Der Weg zum Friedhof”

Thomas Mann gives us a very human example of destructive reinforcing
effects in a social system. In his story ‘The Road to the Churchyard’ he
describes his protagonist:

“Lobgott Piepsams Erscheinung war nicht freudig... Erstens trank er ... Ferner war
er verwitwet, verwaist und von aller Welt verlassen; er hatte nicht eine liebende Seele
auf Erden.” (Mann, 1975, S.142)

“Lobgott Piepsam’s appearance was far from cheerful... To begin with he drank...
Secondly he was a widower and a bereaved father, forsaken by everyone: he had not

a soul left on earth to whom he was dear.”
(Mann, 1996, p.65)

Mann goes on to describe the social consequences of this situation...

“Nicht genug damit, hatte er bald darauf seine Erwerbsstelle eingebiifit, war schimpf-
lich aus Amt und Brot gejagt worden, und das hing mit jener Leidenschaft zusam-
men, die stiarker war als Piepsam.” (S.142-3)
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“As if this were not enough, he had shortly afterwards lost his job, he had been
shamefully dismissed from his employment and livelihood, and this had been in
consequence of the above-mentioned ruling passion, which was a passion stronger
than Piepsam.” (p. 65)

... and he outlines the underlying psychological processes:

“Er hatte ihr ehemals einigermaflen Widerpart zu halten vermocht, obgleich er ihr
periodenweise unmafig gefront hatte. Als ihm aber Weib and Kinder entrafft waren,
als er ohne Halt und Stiitze, von allem Anhang entbl6ft, allein auf Erden stand, war
das Laster Herr iiber ihn geworden und hatte seinen seelischen Widerstand mehr und
mehr gebrochen. Er war Beamter im Dienste einer Versicherungssozietidt gewesen...
In unzurechnungsfihigem Zustande jedoch hatte er sich grober Versehen schuldig
gemacht und war, nach widerholten Vermahnungen, endlich als dauernd unzuver-
l4ssig entlassen worden.” (S.143)

“In the old days he had been able to resist it up to a point, despite periodic bouts of
immoderate indulgence. But when he had been bereft of wife and children and stood
alone in the world without guidance or support, deprived of all dependants, the vice
had become his master, and had increasingly broken his resistance and his spirit. He
had had a position on the staff of an insurance company ... But he had been guilty,
when in a condition of irresponsibility, of various acts of gross negligence, and in the
end his employers, after repeatedly reprimanding him, had dismissed him as
hopelessly unreliable.” (p.65)

Finally, Mann comments:

“Er trank, weil er sich nicht achtete, und er achtete sich weniger und weniger, weil
das immer emneute Zuschandenwerden aller guten Vorsitze sein Selbstvertrauen zer-
fraf3.” (S.143)

“He drank because he did not respect himself, and he respected himself less and less
because his self-confidence was undermined by the ever-recurring collapse of all his
good resolutions.” (p-66)

Mann’s story can be interpreted in terms of two reinforcing loops (Figure 2).

The loss of Piepsam’s family triggers a first, psychological loop. He can resist
less, so he drinks more. He loses his self-confidence and hence his self-respect.
This is a classic alcoholic spiral of decline. It also has a social dimension. His
drinking makes him behave badly, his employers’ sense of his reliability
declines and they repeatedly reprimand him, adding further to his loss of self
respect. The highest level of reprimand is that he is fired.

While this example of reinforcing loops is drawn from German literature,

such vicious circles do occur in real decision-making situations. What is more,
they can be the unexpected consequence of an attempt to escape from a prob-
lem by bringing the effects of a balancing loops into play. The next two sub-
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sections introduce two such examples drawn from the world of business policy-
making.

Guidance and
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Figure 2: Causal loop diagram representation of the processes underlying
the alcoholic decline of Mann’s character Lobgott Piepsam.

I1. Managing Labour Costs

In a recent article Jeffrey Pfeffer examines current thinking on workers’ pay
(Pfeffer, 1998). He describes how it appears that a sensible way to control costs
is to reduce hourly pay rates to workers. This action might appear to us as a
possible course for a company to steer away from the Scylla of high costs. But
Pfeffer argues that this can be a serious mistake.

He points out that attempts to cut hourly pay rates implicitly assume that
those pay rates will influence labour costs in a direct way, thereby influencing
total costs, but that at the same time they will have no other effects. Pfeffer,
though, traces some more complex relationships between hourly pay rates and
labour costs. In system dynamics terms these can be represented in a diagram
as shown in Figure 3.

First, lower hourly pay rates attract lower quality staff who, over time, will
replace better and more qualified staff. Work quality is reduced, poor work has
to be done again and so the time taken to complete a task correctly rises. This

3 Milling
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causal mechanism (Hedstrom and Swedberg, 1998) forms a reinforcing loop
which acts to increase labour costs when hourly pay rates are reduced.

Cost
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Figure 3: Diagram of Pfeffer’s account of the range of possible consequences
of reducing workers’ pay rates.

Second, lower hourly pay rates increase staff turnover as better qualified
workers are more inclined to look elsewhere for work. In this way too, with a
delay, the pool of knowledge and experience held within the workforce
reduces. By this additional mechanism, work quality also declines. Again, a
reinforcing loop is formed which then acts to increase labour costs when hourly
pay rates are reduced.

Finally, a company doing poor quality work will incur extra costs. These
might result from poor goods having to be replaced when customers complain.
More seriously, defective goods or services might cause damage and injury to
users for which there will be compensation claims.? A reduction in work quality
may generate replacement and/or compensation costs only after considerable
delay but both increase total costs.

This analysis starts with a perfectly sensible managerial decision: avoid the
Scylla of high labour costs by cutting pay rates. However, what Pfeffer’s

> Ina commentary on Pfeffer’s paper journalist Simon Caulkin suggests a link

between low wages and the poor safety record of the rail infrastructure in Great Britain
(‘Given a level playing field, most people improve their game’, The Observer, 24th May
1998).
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examples suggest is that because of this decision a company could spiral into
the Charybdis of increasing costs resulting from the existence of three vicious
circles.

This is not to say that the same reinforcing loops would appear in any given
case of labour pay rates. Nor, if any did come into play, would their impact
always have the same strength. Rather, the conceptual point to make is that it
would be dangerous to single out one balancing loop for our attention and
action. In any given situation, it is worth stopping to consider the possibilities
of inadvertently creating or giving unwanted momentum to the effects of
reinforcing loops.

II1. Managing Large Projects

More cases of the need to be open to the possible existence of vicious circles
arise in the management of large projects and in the launch of new companies
(Roberts, 1964; Cooper, 1980).

Consider a project of significant size, the building of a ship or a bridge, or
the writing of a piece of computer software. At the start project managers
estimate the total work to be done within a certain time and the workforce
needed to do it. If, along the way, it is found that more work is involved, more
people can be recruited. The Scylla to avoid is the work’s falling behind
schedule (and in some cases incurring lateness penalties). A balancing loop
involving the expansion of the workforce steers the project away from this
problem (Figure 4).

Work To Be Done

Experienced \
Staff Call On
\ - Ex?nenced Staff \

Total
Workforce
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Trained \
Up Staff g ’ Staff In
Training

Figure 4: Some of the central feedback effects relating to the management
of large projects.
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However, any new staff joining a project need to be integrated appropriately
to be of use. Perhaps they need specific training. Even if they arrive highly
qualified and experienced they will certainly need help picking up the details of
this particular job and getting accustomed to the people they must now deal
with and to their idiosyncrasies. These training processes introduce a delay
between the recruitment of a new worker and the time when that worker is
contributing fully to the project. Furthermore, these training activities all
require support time from people who might otherwise be dealing with the
tasks originally at hand. This can lead to a further decrease in the amount of
real work being done. A vicious circle can be created as the organisation falls
further behind schedule. It will keep on hiring people to get back on track but
must then bear the commensurate training burden. In consequence the project
spirals down into Charybdis.

The situation is even more complex in growing ‘companies because the
amount of work to be done is not fixed but keeps increasing. The standard
example in the system dynamics field is People Express Airline (Graham,
Morecroft, Senge and Sterman, 1992). In the 1980s it was producing sufficient
profit to buy new aircraft and grow staff numbers but it could not manage the
increases in staff numbers. As the fraction of inexperienced staff grew and the
time spent by experienced staff on giving training grew with it, service quality
spiralled down and the airline collapsed.

However, even in static situations in which the number of tasks to be worked
through should be finite and measurable at the start, similar effects occur.
Indeed, this spiralling collapse phenomenon is so well known that the project
management literature has produced Brook’s law, “adding manpower to a late
software project makes it later” (Brooks, 1975).

IV. The First Approach in Summary

This first approach to reinforcing loops can be summarised simply. Such
loops arise in many social systems. Where they exist, they contain the potential
to wreck attempts to improve the performance of the larger system.
Consequently, where an attempt is made to control a complex social system,
the possible existence and impact of reinforcing loops must first be considered.

C. The Second Approach: The use of Computer Modelling

Let us now turn to the second approach to reinforcing loops. It is not enough
to acknowledge the potential existence of reinforcing loops. They must be
accurately located and assessed. If undesirable effects are expected, how bad
might things get? Once this has been decided, and especially in the case of truly
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vicious circles, great care must then be taken in deciding what to do to avoid
them, the timing, direction and strength of any policy intervention. Odysseus
had a goddess to tell him how bad the threat was and to advise him what to do.
He could probe the danger by asking her,

“tell me this. I must be quite clear about it. Could I not somehow steer clear of the
deadly Charybdis, yet ward off Scylla when she attacks my crew?”

(1. 111-114, p. 182)

This not being an option outside the world of Greek myths, system
dynamicists usually turn to computer modelling for the best possible
assessment of a situation.

I. A Core System Dynamics Idea

One of system dynamics’ core elements lies in its search for information
about the structure of social systems. The emphasis has always been on doing
this by consulting the system actors (Forrester, 1961; 1992). The means of
doing this have been further refined recently by the addition of various group
decision support procedures (Vennix, 1996).

Most system structures will contain both reinforcing and balancing loops.
The behaviour over time of such structures derives from those loops. The
difficulty is that the loops effect each other through a variety of accumulation
and draining processes, delays and non-linearities. These result in shifts in loop
dominance; sometimes one loop dominates the system with the others being
dormant, at other times a different loop will become dominant. This has two
implications which are worth reviewing because they make up a distinctive
feature of system dynamics compared with other parts of the system sciences.

II. Systems must be Mapped

The first implication is that it is not sufficient to treat a system as a black
box. Because of the changes in loop dominance outlined above, a crucial
reinforcing feedback loop might not make its presence felt at all times. At times
when it was not influencing the behaviour of a system, observation of this
behaviour on its own would therefore leave its presence undetected. In this
way, a record of past system behaviour by itself would not be enough to even
begin to guess at future behaviour. What is needed to cover such — quite
common — eventualities, is an explicit formal map of the underlying system
structure.

To illustrate, consider the example of managing labour costs in section B.IL
In the past, the policy of cutting hourly pay rates may have worked well for
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small reductions, or across a short timescale. In other words, a reduction in pay
rates did indeed produce a reduction in labour costs. But in order to ensure that
this really is the only relevant loop in existence and that there are no hidden
reinforcing loops about to kick in, we must create a system map, a glass box
model, which represents all available information about the system. This
information will present itself partly as objective information on known
decision making processes and causal mechanisms (Hedstrom and Swedberg,
1998); partly, it will arise as judgmental information based on the mental
databases of system actors (Forrester, 1992). Ultimately, it may contain
informed guesses from those familiar with the system and its potential and who
are seeking not to optimise its behaviour but to improve it (Forrester, 1987).
But in the end, a map created in this way at least has the chance of finding
hidden reinforcing loops which have the potential to make labour costs explode
upwards should pay rates be reduced. Only when they are located can their
actual importance be considered.

ITI. Maps must be Simulated

In some cases the loop structure of a system is so clear that behaviour can be
inferred (Vennix, 1995). However, this is seldom the case. In fact, in system
dynamics, both theory and more than 40 years of practice teach us that most
social systems have few high leverage points for intervention and few key
performance measures telling us when to intervene. The only way to find those
features is via the rigorous deduction of computer simulation.

As an example, consider the map for the expansion of large projects
(Figure 4). This seems to indicate that a workforce should never be expanded
because this policy produces increased training which slows the real work rate,
provokes ever more recruitment and sends the whole system into a destructive
spiral. This goes against experience in other situations however, which means
that no such general policy inference is possible. Instead, important questions
must be asked in each case: how fast can we expand the workforce? What are
the danger signs to show us if this policy is becoming counter-productive? And
what should we do then?

Rigorously deduced answers to these questions may indicate that staff can
still be recruited but that the rate at which actual project tasks are being done
should be carefully monitored. If and when necessary, recruitment can be
slowed or suspended thus weakening or severing the reinforcing loop and
letting the balancing loop catch up.

These are essentially quantitative questions. Inferences from purely quali-
tative maps cannot possibly address such important managerial concerns
(Forrester, 1994; Richmond, 1994; Lane, 1998; 2000a). Only the rigor of model
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formulation, simulation and experimentation can address such questions
convincingly.

IV. The Second Approach in Summary

The second approach to reinforcing loops then concerns the best way of
discovering their potential. Mapping out system structure is the first step
towards uncovering possibilities that previous system behaviour might not hint
at. However, to assess the importance of reinforcing loops, to provide a basis
for actual decision making in a complex system, it is frequently the case that a
computer simulation model is needed.

D. The Third Approach: Challenge the Idea that Reinforcing
Loops are Beyond Human Control and Understanding

The third approach to dealing with reinforcing loops involves challenging
the idea that nothing can be done about them. It is because, as parts of socially
constructed systems, these loops are of our making that it is worth thinking
about them carefully and trying to understand them. Odysseus knew that
humans had choices when he told his men:

“The good ship’s steering oar is in your control” (Homer, 1991, 1.219, p.185)

System dynamics and systems science are founded on the belief that people
should keep trying to understand quite difficult and complex situations. As an
example to illustrate just how important it can be to make this effort, the issue
of globalisation seemed appropriate.

L. Illustrating the Approach: Globalisation

Globalisation is a term with many meanings. On a broad basis, it has been
defined as “a process (or set of processes) which embodies a transformation in
the spatial organization of social relations and transactions, generating
transcontinental or interregional flows and networks of activity, interaction and
power” (Held et al,, 1999).* These processes have been dated back to the 16th
century AD when European power moved into other parts of the globe (Gray,
1998) but it might also be argued that their roots extend back much further, to
the earliest times when one group of people met with another group.

* This generalisation beyond the mere trading of physical goods is important. An
example of social interaction is the reported globalisation of cultural activities such as
clubs and music associated with drug use (Secretariat to the UN Commission on
Narcotic Drugs, 1999).
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Much of the discussion today is about the social consequences of economic
processes and the political idea that capitalism will unfold its full benefit as
trade is extended across the globe, unrestrained by attempts to regulate markets
for any outside purpose.

As a social issue, globalisation is as controversial as it is topical. In its name,
grand universal claims are made; it is said to be linked to every other aspect of
our lives: business and environment, culture, religion even. By definition,
everyone on the planet is affected by its progress and there are frequent appeals
to all of us to accept our role in the project. The course and benefits of the
project, however, remain hotly debated. Much opinion and analysis is offered,
not just in small specialist circles, but addressed to the public at large via
television, magazines, books, radio, websites. Yet, most of this public discourse
appears to leave us with very few options. We are invited respectively to
embrace predicted developments euphorically or to await them despondently.
Either way, the implication is that processes which are in motion now cannot be
stopped and will inevitably and completely change the world as we know it
(save for the proposition from among one camp which suggests that we can
stop what we do not like but only by tearing down most of the world as we
know it). It is with this prospect in mind, that we are advised to adjust our
individual lives.

What then, do such offerings to the public tell us of the assumptions about
the underlying processes among those trying to conquer the issue? In the
following, we shall not attempt to unveil a new understanding of the processes
of globalisation in themselves. Nor are we going to cover all of the many and
varied arguments. While for the purposes of this paper we shall concentrate on
the two large camps of those championing or opposing the cause of
globalisation, we are aware that a range of followers are gathered at either
position with in some ways disparate views and that there are also those who
claim that nothing new is actually happening under the sun. Instead, we shall
try to discover a little more about the mental models of some of those who are
attempting to influence the debate. Because, despite both the profusion of
explanations presented and increasing attempts at sophisticated analysis, on
either side we can still find frequent examples of arguments about large-scale
developments and far-reaching consequences resting on claims of quite simple
links.’ In turn, investigation of models built upon such links leads to the

5 The huge number of offerings on this topic covers the whole range from the good,

to the bad and on to the ridiculous when it comes to articulacy and rigorous logic. See
for example Frank J. Lechner and John Boli’s, The Globalization Reader (2000) which
seeks to cover the issue from economic, political, cultural and environmental angles.
Alternatively, almost any national paper or magazine provides examples, be it Le
Nouvelle Observateur, Die Zeit or The Independent. Indeed, coverage extends all the
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discovery on both sides of certain beliefs which even determined opponents
appear to hold in common. These relate to the ability to control forceful feed-
back processes once they are underway.

It is these arguments, their underlying assumptions and beliefs which
illustrate the importance of the third approach to reinforcing loops: to challenge
the idea that social systems may contain loops which are beyond any human
control.

In the next three sub-sections, we shall look at the ways in which arguments
involving reinforcing loops are employed on different sides of the globalisation
debate and see what these have in common.

I1. On the Benefits of Globalisation

The arguments for the benefits of globalisation are quite well known. They
start with the idea that unrestricted competitive trade will produce the most
efficient functioning of markets allowing the greatest possible profits to be
made. Repeated reinvestment of such profits will lead to growth; the related
increase in access to jobs and goods for larger numbers of people will lead to a
better quality of life for these people. If, therefore, unrestricted trade is
expanded across the whole globe, quality of life will increase for everyone,
including those presently stuck in poverty in so-called underdeveloped
countries.

In some ways, globalisation might thus be seen as a remedy to overcome
problems believed to be caused by economic inefficiency. It would be the
logical extension of Weber’s “spirit of capitalism”, that is, capitalism as a vital,
restless spirit, always seeking to improve, to grow, to extend itself (Weber,
1992).

The argument goes further when it is claimed that, not only will current
problems be overcome by globalisation, but that even some problems which
may be caused by the process itself, will be short-term only, and can only be
overcome by the same panacea: globalisation.’

way to Advantage - The Magazine of Wimbledon, January/February 2001, in which an
advertisement ‘Going...Going...Global’ features a local estate agent promising, "when
we take on your property, we take it to the world. In an increasingly global marketplace
where will the buyer of your home be found?"

For example, the editorial in The Economist; “Governments are apologising for
globalisation and promising to civilise it. Instead, if they had any regard for the plight of
the poor, they would be accelerating it, celebrating it, exulting in it...” (23rd Sep-
tember 2000). See also Martin (2000).
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An argument as to why and how globalisation has to take place is made by
Thomas Friedman in his book “The Lexus and the Olive Tree” (2000). He
strongly asserts many links between phenomena observed by him of which the
basic ones can be put down in system dynamics terms (Figure 5).
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Figure 5: A pro-globalisation view: representation of the mechanisms
argued by Friedman to underlie globalisation and thought to
produce broadly desirable consequences.

For the core of his “globalization system” Friedman tums to Joseph
Schumpeter (as well as Intel chairman Andy Grove). In a somewhat selective
reading of the first, he asserts his belief in the positive consequences of a
perpetual cycle of “creative destruction” where older goods and services are
constantly replaced by newer, more efficient ones. The destruction of
inefficient companies during this process frees financial resources which will
again be put to use to innovate goods and services. Nowadays, only those
countries willing to open themselves up to this process on a global level will
thrive because in the age of the internet, there are pressures building up which
drive the process faster and faster.

In the Financial Times, 24th January 2001, “Growth makes the poor richer”,
Martin Wolf also believes that “a link does indeed exist between globalisation,
inequality and poverty”, that “globalisation must have caused the inequality” between
rich and poor countries, but that the reasons for this lie in the so far insufficient degree
of globalisation.
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To illustrate his argument for such pressures, Friedman points to three
related developments which he claims to have identified. These he calls the
“democratization” of technology, finance and information. First, the increasing
reach of communication technologies i.e. the increase in affordability, speed,
distance covered, bandwidth and convenience of devices used, enlarges the
number of people accessing, exchanging and applying knowledge as well as the
geographical area over which such people will be dispersed. This furthers the
geographical spread of wealth creation (e.g. well qualified people being able to
find well paid jobs) and in turn the geographical spread of innovation. Second,
innovation in goods and services is also driving the increase in range and
accessibility of financial services and the resulting geographical spread of
investors, Friedman’s “democratization of finance”. Third, the growing number
of people all over the globe with access to knowledge about the world increases
awareness of other peoples’ living standards and cultural products available
elsewhere. This will result in pressure on locally produced goods and services
which may not come up to the same standards and also a desire to access or
create similar products. The latter will therefore lead to pressure on
governments to provide the opportunities, where these do not exist, for people
to take part in a system that can provide such living standards and cultural
products. According to Friedman, this can only be achieved by a country
donning a “golden straightjacket” which provides a stable political and
economic framework for secure and simultaneously “free” trade with the rest of
the globe. This framework will be the same for any country (and is best closely
modelled on the existing U.S. example). The more components of this
framework are installed in a country, the more attractive it becomes to investors
from all over the globe who will make financial resources available. Friedman
calls his investors, increasingly equipped with technology, the “electronic
herd”. Essentially, it performs the same function as Adam Smith’s “invisible
hand”. The herd cannot err, or never for long, and its movements result in the
best possible goods and services being offered in places where the conditions
are right for trade.

While Friedman does not think that this future of increasingly rapid changes
for everyone is without problems, overall he welcomes it, convinced that
eventually besides economic advantages, it will even bring benefits such as a
free press for China. More importantly, he is convinced that, “the fast world
and the golden straightjacket were produced by large historical forces”. His
electronic herd will not graze on territory where it does not find the right
conditions and, “if you think that you can resist these changes without paying
an increasingly steep price, without building an increasingly high wall and
without falling behind increasingly fast, then you are deluding yourself”.
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Along with others who proclaim that only more globalisation can overcome
current problems, Friedman asserts that the only real choice is to acknowledge
that there is no choice and to act accordingly.

It is often with reference to the unease caused by unwelcome consequences
among non-believers that advocates of globalisation reach for their ultimate
claim, aimed to disarm all resistance, to end all discussion: they appeal to the
idea that humans have no control over the runaway processes of globalisation
(c.f. Giddens, 1999). Chomsky (1999) describes how this position has long
been advanced by those championing unregulated markets and Bourdieu has
studied the cultural processes by which, “neo-liberalism comes to be seen as an
inevitability” (Bourdieu, 1998). An extraordinary example is Fukuyama’s neo-
Hegelian argument that the global triumph of capitalism is historically
inevitable (Fukuyama, 1989). More recently, US president Bill Clinton
produced an example of what might charitably be called ontological confusion
when, on a visit to Moscow during an economic crisis, he remarked that;

“I do not believe that you can defy the rules of the road in today’s global economy,
any more than I could defy the laws of gravity ...”
(The Guardian, 3rd September, 1998)

In this way globalisation is presented as fate, a natural phenomenon separate
from human beings, an objective fact beyond our control.

There is another idea frequently presented as an objective fact beyond
discussion. The concept of markets as effective means of organising various
resource allocation problems has found widespread acceptance, especially
when put in contrast to the simultaneous waste and scarcity produced under the
conditions of the old centrally-planned economies of the Soviet Union and in
Eastern Europe. Arguments about globalisation, however, go much further than
that and thus produce the second feature noteworthy in our context: the
assumption that the processes underlying globalisation do not need to be probed
in too much detail. It is asserted that markets, left to themselves, have the
power to respond to an almost infinite variety of problems, that markets are
always the best means for responding to what it is that people want.” Among

The position is summarised by Simon (1969) when he comments that the market
mechanism, “is indeed a remarkable mechanism which under many circumstances can
bring it about that the producing, consuming, buying and selling behaviour of enormous
numbers of people, each one responding only to his or her selfish interests, leads to an
allocation of resources that clears markets — that does in fact balance ... production with
... consumption ... Only relatively weak conditions need be satisfied to produce such an
equilibrium ... In contemporary neo-classical economics much stronger claims are made
for the price mechanism than merely that it clears markets. If certain rather strong
assumptions are granted (essentially assumptions of perfect competition and of profit ...
maximisation by the economic actors), it can be shown rigorously that the equilibrium
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the functions they are thus best equipped to deal with are many previously
tackled by national governments in attempts to provide networks of economic
stability as well as social security for individuals, from the running of railways
to the provision of pensions. Governments should now leave it to global
markets to shape developments in these areas.® There is something almost
religious about the belief that such enormous responsibilities can be passed to
markets and it is nicely expressed in the repeated use of Adam Smith’s term,
“the invisible hand” (Galbraith, 1987).

II1. On the Problems of Globalisation

Just as there are those who argue that globalisation is a process bringing
immense benefits to the entire world, there are others who believe its effects
will be catastrophic. Among them, the claim from the first camp that
globalisation will influence all aspects of life is believed, but for this reason it is
at the same time met with attacks on all aspects of the project.

From among the vast range of arguments, we shall extract one in order to
examine more closely its underlying assumptions about the strength of
reinforcing effects and how they might be approached. As in the view of
welfare for individuals included above, it too is concerned with the role and
aims of governments. Before that, however, we need to acknowledge that,
whereas an argument in favour of globalisation may be made to rest on a few
decisive, mainly economic links at the centre of things (though other benefits
may be said to follow), cases made against are often built on a thick base of
supposed effects of the processes of globalisation on the ground, and embedded
among a diverse range of related themes. Which is not to say that any particular
form of argument can be assumed to lead to a more accurate assessment of the
situation, as we shall see.

produced by the market will be optimal in the sense that it could not be shifted so as to
make everyone simultaneously better off. These are the familiar and famous pro-
positions of the existence and Pareto optimality of competitive equilibrium that have
been formalised so elegantly by Arrow, Debreu, Hurwicz, and others” (p. 38-39).
Yergin and Stanislaw (2000) see government policies moving in this direction.

They claim this is possible because of a shift in public confidence away from more
active governments towards the workings of less restrained markets. An earlier shift
during the first half of the 20th century of both public confidence and policies had been
in the opposite direction. Each time, developments were based on people's perceptions
that contemporary arrangements were not delivering either enough protection or else
sufficient gain for their lives.

As Galbraith pejoratively observes, “The reference to the invisible hand has for
many a mystic overtone: here is a spiritual force that supports the pursuit of self-interest
and guides men in the market to the most benign of ends”.
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Nevertheless, seen from the camp assembled to do battle against it, the role
of governments in processes of globalisation must be viewed against a larger
background of associated arguments. Where those in favour of globalisation
tend to refer to markets as if they were individual actors (leaving the details of
the processes which shape them in a black box), those against often reserve a
central role for a different kind of actor which they claim global unrestricted
markets produce and favour: transnational corporations.

In complete contradiction to what is said in favour of globalisation, the
growth and growing influence of these corporations is made responsible for a
loss of efficiency and vitality of capitalism (Nader, 2000). Equally, with regard
to welfare and security, it is argued that the actual resources available for such
projects and the ability of governments to act are threatened where companies
always have the option to move their operations to countries with lower wages
and weaker union influence (Rodrick, 1997; Korten, 1995). Companies can
threaten to move to places with higher subsidies (the results of government
activity which in themselves violate the principles of free trade); they can press
for reduced wages, reduced corporation taxes, reduced state spending on and
the privatisation of healthcare, mass transportation, education. Countries are
expected to compete with each other in a race to the bottom as they are forced
to deregulate, cut taxes and shrink the welfare state. In this picture, politics is
increasingly influenced by a corporate agenda and politically, a new version of
Gresham’s Law applies: bad capitalism drives out good capitalism (Gray,
1998). While the role of governments shrinks, the size and influence of
corporations grows.

Turning to the fate of the individual, we arrive in a very different new world.
Here, the ways of corporations, competitive perhaps but not locally routed, are
seen as discouraging professional conduct and as eventually responsible for a
“corrosion of character” in individuals (Sennett, 1998). There is increasing
inequality in a-winner-takes-all society of constant insecurity and competition.
The benefits of success are enormous, the cost of failure is destitution. As a
result there is low trust and low social cohesion. In contrast, poverty, tension,
family breakdown are all high. Disillusionment leads to a withdrawal from
active politics. Governments are seen less and less to have the interests of the
electorate at heart and there is cynicism about the possibility of creating real
change.

Culturally, human desires are increasingly shaped to the convenience of cor-
porations. Consumerist culture creates high volume demand for branded goods
with built-in obsolescence or for short-lived fads (Klein, 2000)."° Activities

10 .

The notion that consumer demand can be shaped, or even created, may be seen in
earlier “exposés” of the advertising industry (Packard, 1957; Key, 1973) and relates to
the Marxian concept of “alienation” and “false consciousness” (Marx, 1975).
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involving low levels of resource use and stretching over long periods of times
are discouraged''.

On a truly global level, the exploitation of natural resources needed to feed
this consumerist culture ends in environmental degradation and pollution.'?

And so we come to our exploration of a small part of this vast canvas where
the loss of influence of the forlorn individual and the growth of power of
corporations link: politics, more specifically, the consequences of party
finances (an issue under some scrutiny in the U.S., Germany, France and
Britain at the time of writing). The argument juxtaposes the increasing
disillusionment of individual citizens and a growing confidence of success
among corporations if they become involved in politics as active “corporate
citizens” (Korten, 1995). Expressed in system dynamics terms, the asserted
links form the picture reproduced in Figure 6.
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Figure 6: An anti-globalisation view: representation of the mechanisms
argued to underlie the increasing role played by corporations in politics
and thought to produce undesirable consequences.

"' Products related to music are one example. The music industry used to provide
instruments and sheet music for active enjoyment in the home. In the 20th century it
switched into providing pre-recorded materials for passive consumption, and the devices
to play them. Those devices have moved through various formats, producing forced
obsolescence in ever shorter periods of time.

12 The impact of increased consumption on the environment is an issue which has
been extensively explored by the system dynamics community, see (Forrester, 1971;
Meadows, Meadows, Randers and Behrens, 1972; Meadows, Meadows and Randers,
1992; Randers, 2000).



48 David C. Lane and Elke Husemann

Individual membership of political parties has been falling and with it party
income from that source. At the same time, it has become increasingly costly to
run election campaigns. To steer away from that problem, parties have in-
creasingly sought to close the gap in funding with corporate donations, a
response which can be represented as a balancing loop.

As a result, political parties have listened more to advisors from companies
and less to individual citizens. They have found it easier to get large corporate
donations than to raise many small contributions from members. This produces
a pair of reinforcing loops.

The first concerns money. Increasing corporate donations produce an
increasing shaping of political parties’ ideas towards corporate interests (see
also Monbiot, 2000; Cohen, 1999). The relevance of mainstream parties to
citizens is reduced and individual contributions fall further. By this mechanism
parties become addicted to corporate donations.

The other reinforcing loop concerns the variety of ideas that is used in
political discourse. As presented by politically active corporations, glob-
alisation is the only intellectual game in town. Individual citizens are less and
less able to shape the agenda of parties according to their opinions and inter-
ests, as individual membership declines. The relevance of party policies to
individuals reduces and the systemic result is that individual citizens become
disaffected from politics (see also Chomsky and Herman, 1988).

IV. Observations on the Positions

What is most interesting about these positions in our context, is that here two
sides, apparently adamantly opposed to each other in their view of the world,
employ arguments which actually share the same attitude towards the power of
feedback effects and the power — or lack thereof — of human control over social
systems.

Both camps claim links between certain actions and far-reaching
consequences for huge systems. Yet, looked at in systems thinking terms, the
mental models on which these claims are based are frequently revealed as
rather simplistic. They claim immense power for certain effects but the ways in
which these are supposed to operate have not been rigorously examined. There
are two aspects to this.

First, consider the reinforcing loops that are implied in such arguments
(Figures 5 & 6). Both sides are quick to rush to judgement on their impact. In
the view promoting the benefits of globalisation, all of the reinforcing loops are
virtuous circles — what they produce, fundamentally, is good. Furthermore,
these loops are all strong; they dominate the system. In the argument about the
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problematic influence of corporations on the political agenda, all of the
reinforcing loops are vicious circles — their effects are bad. And these loops too
are all strong; they dominate the system. In both cases, a certain behaviour of
the system is confidently inferred. However, as we have argued in the section
on the simulation approach to reinforcing loops, such inference cannot usually
be made without both careful mapping of the underlying model and computer
simulation. If this is true for inferences about any reasonably complex system,
how much more so for claims made about developments on a global scale.

Stringent investigation of these claims would seem even more important
since the behaviour that is inferred is said, on either side, to lead to inevitable
consequences. On either side, it is not that the links made in our examples,
taken separately, are all implausible. Yet, given the scale of the issues
presented, it is sad how quickly the talk turns to fateful consequences and how
comparatively little effort is expended on examining the reasoning behind this
expectation. According to these views, whether the outcome is anticipated
eagerly or with trepidation, either way, after the first determining steps, there is
nothing that anyone can do to influence where we all arrive. In this way, the
mere possibility of the existence of reinforcing loops is transformed into the
certainty of their powerful impact.

The second aspect of simplistic mental models concerns the use of language
which is ontologically crude in various ways. In the context of this section, that
crudeness has the effect of promoting superficial understanding of the
mechanisms underlying globalisation. That superficiality perhaps explains the
rush to judgement on the reinforcing loops described above. But it is also
profoundly misleading in both its implied explanation for globalisation and in
how, in different ways, it shapes our understanding of whether interventions
into globalisation are possible and what form they might need to take.

One of the reasons for choosing examples from the so-called globalisation
debate was to show why it is important to challenge the assumption that
complex social systems are beyond human control and to encourage a more
careful consideration of reinforcing loops.

It is worth continuing with this topic in order to examine how it is possible
to get stuck in this way of thinking to start with and how it might be possible to
get beyond it. For this, we shall look more closely at that second aspect of the
attitude towards social systems where views from the two sides curiously mesh.

E. Towards a Better Understanding of Complex Systems

We believe that the understanding of many observed phenomena and any
debate about them can be considerably improved when systems ideas are

4 Milling
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employed in association with contemporary social theories. This includes any
discussion about suspected powerful reinforcing effects in complex systems
such as in the globalisation debate. The following exploration of this
proposition connects tentatively with von Foerster’s work on secornd-order
cybemnetics (von Foerster, 1981). It connects strongly with ideas on how
contemporary thinking in social theory relates to system dynamics (Lane,
2000b; 2001).

1. Ontological Extremism in the Globalisation Debate

As mentioned above, the second aspect of attitudes towards social systems
which may be encountered in either camp arguing over globalisation shows up
in the use of language. It is defined by a wider background against which the
various claims are made, namely, the beliefs of those who advance them about
what are the real forces that shape the world as we see it. The language in
which the ideas we outlined above are couched, reveals that there are appeals
from both sides to the same two sets of beliefs. However, in sociological terms,
these two ontological positions are taken to extremes which are mutually
exclusive. These extremes make both thinking and communication about what
is going on and how future developments can be influenced that much harder.
They restrict further the careful examination of reinforcing effects.

One position can be seen as the realist extreme. In this view, social
structures and thereby social forces are treated as objectively real in their own
right. They determine behaviour but they are separate from human agents
(Burrell and Morgan, 1979; Lane, 1999). We have already referred to Bill
Clinton’s language and his equation of social forces and natural laws. In this
case, globalisation is therefore unstoppable by anyone, including those who are
not convinced of its benefits. Whereas this must be an attractive idea to
someone in favour of globalisation, the same idea seems also to hover around
the other camp. Many people apparently believe that globalisation is
unstoppable even though it will have bad consequences for their own lives."
There is a curiously despairing, yet sometimes also self-satisfied fatalism about
this.'"* Generally, the realist extreme produces arguments which imply that
globalisation cannot be controlled in any way.

1 To cite one example; “Masses of people all over the world find themselves caught
up in some kind of a whirlpool, in a situation where they are turned this way and that by
forces they do not control and which no one appears to control” (Beams, 2000). Note the
use of the whirlpool metaphor.

' British trade union leader John Monks when asked about job cuts at car plants in
Luton, blamed globalisation, “I don't agree with the decision but at the end of the day
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To believe the complete opposite is to take an extreme nominalist position
(Burrell and Morgan, 1979; Checkland and Davies, 1986). This says that as
human agents create meaning — Bedeutung — they interpret and create the social
world. Hence, the social world is exactly what we choose it to be at any given
time; human agency is in complete control. This is behind the widespread
appeal, among those arguing in favour of globalisation, to “market populism —
the idea that free markets, whether in the form of stock trading, corporate
advertising, management theories or global trade, represent the will of the
people”."” The idea that markets produce outcomes which are purely the
expression of human wants is also behind the quasi-religious appeal to the
“invisible hand”.'® This kind of language seems predestined to encourage
people in the belief that it is not worth trying to understand the mechanisms that
are in operation. On the other side, there are also appeals to the extreme
nominalist view where campaigners portray globalisation as a conspiracy by an
international elite: CEOs in corporations and the leaders of the WTO and the
World Bank."” In this scenario, it is possible to stop the process. The proposals
of means to do this include frequent calls for direct action and many of these

what globalisation says is final and we've just got to accept it” (The Independent,
29th December 2000).

Discussing job losses at a steel plant in South Wales, the British Secretary of State
for Trade and Industry, Stephen Byers said these were “due to” globalisation. The
academic from Cranfield University who was also asked to comment simply said,
“globalisation is going to be marching forward and forward“. Neither man felt it
necessary to argue for or against the benefits of the broader processes (Radio Four,
Today Program, 1st February 2001).

' The Financial Times, 12th December 2000, “Now that the party is over”.

' 1t is noteworthy that Smith only uses this phrase once in The Wealth Of Nations
(Smith, 1937). Furthermore, he was quite clear that markets only operate well when
people have a particular understanding of “enlightened self-interest”. Today it is known
that markets do not necessarily produce outcomes which are consistent with the values
of a society (Hutton, 1995).

Interestingly, economists seem to be more aware than most of the clear limits of
their theories (Ormerod, 1994). It is, however, maybe worth recalling that Smith’s ideas
on the benefits of markets have something in common with the “Rhine model of
capitalism” practised by the Mittelstand in Germany (Hutton, 1995).

17 For a recent discussion see Le Nouvelle Observateur, 14th-20th September 2000,
“Ces géants de I' économie qui contrdlent votre vie”. An additional example is “The
Whirled Bank Group” at www.whirledbank.org which aims to expose what its
contributors see as the real aims and effects of World Bank policies. The sub-title “Our
dream is a world full of poverty” purports to express the overarching aim. Even more
striking is www.corporatewatch.org; this website for a business monitoring group
includes the rubric, “The Earth is dying, it is being killed. And those who are killing it
have names and addresses”. The existence of such opinions within the protest movement
exemplifies the view that, “conspiracy theories die hard” (Yergin and Stanislaw, 2000).
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are based on the nominalist view of the world. The direct action evidently has
Bedeutung for those involved in it. One of the most hopeful adherents must be
the “lad, no more than 19”, encountered at a packed meeting at the University
of Warwick” who proclaimed, “we need a revolution... and we, I mean us here,
can begin to make that revolution — right after this meeting by ... smiling. When
these capitalist bastards see everyone smiling, they won’t know what to do.”"®
However, this perspective overemphasises the ability of people to begin the
world again.'” Generally, the nominalist extreme produces arguments which
imply that globalisation will be driven or stopped by people’s wishes and
willpower but that there is no real purpose in examining the structures around it
in any more detail.

As applied to globalisation, both of these positions are ontologically crude.
One tends to be confused about the nature of the forces involved, the other
overstates people’s scope to act without reference to any social structures.

Globalisation is not fate, not an independent realist structural force. To take
but one element, the conditions in which so-called free trade can unfold have to
be created by human actions, a fact of which its advocates are indeed usually
well aware. What those taking the extreme realist stance either overlook or
prefer not to see is that what has been artificially constructed is not beyond
deconstruction. John Gray describes the conditions in an earlier period of free
trade centred on Britain in the 19th century, nowadays much used as a
reference point. Then, a central government actively deregulated markets and it
was only able to do so because a base had been prepared by legislation reaching
back as far as the 17th century which reduced land, labour and food to —
marketable — commodities. (These days holding strong views against
globalisation, Gray claims that when societies are truly left to develop
according to human desires, they tend to evolve more socially and politically
controlled forms of transfer.) However, while it was possible for a strong
government to advance this agenda under certain conditions, when new
economic developments led to a change of mood among various groups of the
population, much of the structure supporting it, though by no means the entire
base, was dissembled again (Gray, 1998)%. It would be unrealistic to view
globalisation as an objective, unchangeable phenomenon.

Similarly, globalisation is not merely the result of how human agents
interpret the world; it does have some institutionalised features. The global

' The Independent, 29th December 2000, “Smile, and we might yet defeat global
capitalism”.

19 pace Paine; “We have it in our power to begin the world over again” (Paine, 1994,
p. 299).

2 This argument has points of similarity with that described in note 8.
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population lives by international arrangements negotiated by governments and
regulated by the WTO, the World Bank and others. For example, the so-called
“weightless economy” (Quah, 1996) is actually buoyed up by many supporting
institutional factors: international financial markets have a degree of flexibility
that has taken decades to assemble in the form of international agreements and
investment in communication and information technologies. So globalisation is
not the mere expression of the needs of the overwhelming majority of the
planet nor of the mere agreement between a small number of conspirators.

Considering our examples at hand, neither form of ontological extremism is
therefore helpful when confronted with the idea of powerful reinforcing effects.
In fact, from both extreme positions the view goes towards dead ends. Since we
cannot do without either structures or human agents, we would propose a
perspective that seeks to take both these elements into account.

II. Interaction of Agency and Structure: A Global View of Cinema

If the phenomena surrounding our example, globalisation, are not defined by
structure alone, nor by human agency alone, how can they be understood, let
alone controlled? It would be more promising to look for their origins in the
interaction of human agency and social structure. This is a complex position
arising from contemporary social theory. We shall illustrate how it might be
employed by looking at one area where globalisation is often cited as the reason
for various opportunities or the lack thereof — the global cinema industry. A
general theoretical account follows in the next sub-section.

Measured by both expenditure and revenue the cinema industry today has a
single dominating player in global film production: the companies clustered
around Hollywood. However, Hollywood films exist in an extraordinarily
narrow groove. There are very firm conventions for the presentation of
character and the configuration of plotline (Goldman, 1984; McKee, 1999),
whilst even technical aspects of film making such as editing and lighting have
converged towards a small set of acceptable approaches (and even
physiognomies, see Dyer, 1997). The range of film styles and approaches
across the world, and across the history of cinema show how much else is
possible. For example, modern Japanese cinema offers portrayals of quite
different social attitudes. Similarly, German and Russian films of the 1920s
were made in a much more radical cinematic language. These indicate how
very restricted Hollywood’s palate is. A system map gives an indication of how
this situation might have come about (Figure 7).

According to this view, one explanation would be that, by a variety of
means, Hollywood has taught cinema-goers world-wide its own language of
cinema. The causal loop diagram illustrates some of the causal mechanisms
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influencing the production of “Hollywood style” films (the left hand loop) and
that of “alternative styles” (these are aggregated together in the right hand
loop). The production of each film style involves a reinforcing feedback loop.
Consider the operation of these loops over the century for which cinema has
existed. The Hollywood loop has created growth. In contrast, the alternative
loop on the right hand side has generated contraction. What made the loops
operate in this way? There are many effects that triggered this response (for a
full exploration see Puttnam, 1997). However two effects are of interest here.

Constraints on Film Distribution \
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Figure 7: An example of the interaction of agency effects and structural effects.
Proposed mechanisms influencing the availability of resources and the shaping of
cultural familiarity in the case of the global cinema industry.

The first is obvious and concerns resources. Like all successful industries,
Hollywood attracts good -quality people from across the world. In the 1970s
actor Mel Gibson found fame in Australia working with director Peter Weir.
Both have spent the last two decades working in Hollywood. In 1926 F. W.
Murnau completed “Faust” and then left Germany for Hollywood. In the 1980s
Wolfgang Petersen directed what was then Germany’s most expensive film,
“Das Boot”, a considerable international success and noteworthy in this context
because it gave an, albeit rather particular, German perspective on the naval
conflict of the Second World War. Petersen went to Hollywood and rapidly
embraced its style. He put Clint Eastwood “In the Line of Fire”, protecting that
symbol of American values, the US president and subsequently, with the help
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of Harrison Ford, made the president himself an action hero in “Airforce One”.
He recently directed George Clooney, by then known in various countries, in a
big release for 2000 aimed at more corners of the globe called, “A Perfect
Storm”.?! Inside the US, independent film makers are talent-spotted and
encouraged to work with major studios (Biskind, 1998). These are all
exemplifications of the links shown at the bottom of the causal loop diagram.
This is an agency/structure effect: the resource structure of cinema produces
greater audience familiarity with Hollywood style films and then individual
human agents act in a way which creates further demand for such films.

The second effect responsible for causing one loop to triumph over another
concerns distribution. Here we see a further agency/structure effect. Hollywood
carefully controls the distribution of its films to cinema chains (Puttnam, 1997).
Put simply, if a cinema wants this summer’s big dinosaur film then they must
take it in a bundle with three other films. Perhaps those three will be enjoyed
for their own merits but even if they play to few people, they prevent other
films being shown. As indicated at the top of the causal loop diagram, audience
familiarity and thereby acceptance of cinematic style narrows as it is restricted
from access to a variety of cinematic styles.

Now, on the one hand it might be said that audiences are only getting what
they want. This is true to some extent. Cinema-goers genuinely like what they
see and the market responds efficiently to give them more. However, what
audiences come to like does have something to do with what they are used to
seeing and what their expectations are of the kind of experience that cinema can
afford them. These have been shaped considerably by the existing structure of
global cinema.

In response to this comment it might be said that audiences have been
brainwashed. That is too harsh. Consumer choice can certainly influence the
market. Expensively made and marketed Hollywood films do occasionally fail
badly. New and idiosyncratic film makers do appear. Hollywood is not all-
powerful — in local markets such as France or Hong Kong, the local cinema
industry supplies its own products side by side with Hollywood.?

2l An even more striking example is offered by another German émigré, Roland
Emmerich. He made the roaringly successful “Independence Day“, a film which
discards symbolism in favour of explicit political values: to free them from alien
invasion, all of the peoples of the world must take part in an experience patterned on the
independence day of the American colonies.

22 We should of course acknowledge that the above model is only qualitative in
nature. This is less problematic than the cases considered previously because it is used
here not to infer a future possible behaviour but to explain an observed, past behaviour.
Nevertheless, ideally the model’s components would be formalised and quantified so
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Overall, neither of the extreme ontological views of the situation would
work. Hollywood films are not inherently more interesting than other styles and
so naturally deserving of their pre-eminent position. However, their success is
not an American plot. That global success shows the operation of a complex
system which has grown up over decades as a result of the interaction of human
actions and the sedimentations of those actions in the form of structural effects.

I11. Synthesis: Ontological Depth and Agency/Structure Theories

The above example illustrates the limitations of using purely realist or
nominalist approaches to the understanding of social phenomena. The realist
tradition stems from Comte and Durkheim, who sought to explain how
objectively describable structures constrain human action. This contrasts with
the nominalist tradition of Hegel, Husserl and Schutz who sought to explain
how individuals act as voluntaristic human agents, continually creating the
social world by ascribing subjective meaning to their actions. These views —
“structure” and “agency” — are not dichotomous but coexisting. The traditional
distinction made between these approaches is increasingly seen as describing
extremes of a dialectical activity. The means by which the two can be
integrated is at the heart of the “agency and structure debate” in social theory
(Ritzer, 1996). It is by combining these ideas with systems science that
complex phenomena such as globalisation may be understood better.

The theories emerging from the agency/structure debate have two com-
ponents: a more flexible position on ontology and a more supple model of the
relationship between agency and structure. We will sketch these in very
roughly in turn below.

Instead of being viewed as “flat” social landscapes, social systems are
increasingly seen to have layers of features. This is the concept of “depth
ontology”; depending on the number of human agents involved, this “allows for
degrees of objectivity and removal from human activity” (Layder, 1994) (see
also Giddens, 1984). The “thin” end of this ontological scale is dominated by
phenomena created by few human agents. Consider Mann’s character, Lobgott
Piepsam. The values that make him lose his self-respect are quite “thin”. Some
are purely subjective, based only on his interpretations of the world. The others,
the values that make him lose his job, are slightly “thicker”, coming from the
inter-subjective social mores, the shared Bedeutung, the Lebenswelt, of his
community. At the “thick” end of the scale we find gravity. This has infinite

that it can undergo the more rigorous tests of computer simulation modelling in
accordance with the second approach to reinforcing loops above.
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ontological depth; human agents are irrelevant because this is an unchangeable
aspect of physical reality.

The processes of globalisation are located somewhere between these two
ends. They are clearly of a very large scale; they have significant ontological
depth. Nevertheless, that depth is finite. So, individuals do encounter structural
forces which shape their behaviour. Those forces may seem objective in nature
but ultimately those forces are the sedimented consequences of many acts of
human agency.

The second component of some newer social theories which might be
profitably combined with systems science is the idea that agency and structure
interact. This is regarded as one of the most important issues in contemporary
social theory (Ritzer, 1996). To many researchers the agent versus structure
split is a false division. Their ambition is to break through the paradigm
incommensurability that separates these two views. Recently, social theories
have emerged which try to integrate the two and explain social phenomena.
There are many contributors to this area: Berger and Luckmann (1966),
Bourdieu (1977), Habermas (1981a; 1981b), Luhmann (1984) and Archer
(1995) are but a few of the notable ones. Their analysis and suggestions by no
means coincide in every aspect. Here, we will have to make do with a brief
outline of the general ideas around which the discussions revolve as they might
be applied to our purposes (Figure 8).

SOCIAL STRUCTURE

Sedimented Manifested

as meaning-laden as patterns of
rules and resources conduct

\

Mental

Profuces and [ model
Re roc) ces

| &
A'y
i Externalised H Internalised
via social actions E as values and roles
HUMAN AGENTS

Figure 8: Representation in general terms of the feedback relationship between
agency and social structure. See main text for description.
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Social structure is seen as a stock of patterns of appropriate human conduct.
This structure then manifests itself in meaningful rules that influence the
availability of resources — material as well as social psychological — in ways
which enable some types of behaviour and constrain others. For example,
charitable giving can be encouraged by the appropriate configuration of a tax
regime or by the knowledge that such activity attracts social approbation. In
contrast, violent crime is discouraged via the legal threat that practitioners have
their liberty removed from them. Individual human agents interpret these differ-
ent resource availabilities in terms of values and roles. Hence, charitable giving
is valued, murder is not; usually, the role of a donor to charity is seen as com-
mendable whilst that of murderer is condemned. Such signals are internalised
into the mental models which individual human agents use to guide their be-
haviour. These mental models are then externalised in the form of social
actions. Thus, an individual expresses admiration for a charity donor, or offers
a further opportunity for charitable behaviour. In contrast, individuals proffer
information to the police when intelligence concerning a murder is sought, or
avoid the use of violence themselves. In these ways the social structure in the
shape of existing patterns of conduct is reproduced (albeit never perfectly).
New forms of action and associated value may also emerge.” Such actions are
then accumulated into the social structure in ways which enable or constrain
future behaviours.

IV. Improving the Understanding of Complex Systems Using Ideas
from Social Theory and Systems Science

What might the theories of depth ontology and agency/structure linkage
theories reveal about a complex issue such as globalisation? They indicate that
human desires may indeed produce market responses, an effect represented on
the left hand side of Figure 8. However, they also suggest that markets can
channel human desires (right hand side). The examination of global cinema

2 In many cases the production of new patterns of conduct are the most interesting
because they shift the nature of the social structure. Examples might include: the
education of women (a century ago this was generally constrained by social and
institutional means), the full involvement in Western civic society of people from all
kinds of cultural backgrounds and with all sorts of skin colour (constrained by legal
means and social pressures), the acceptance of open homosexual behaviour (constrained
until fairly recently by legal means, still constrained to some extent by social
disapprobation), and the involvement of men in child rearing (constrained by lack of
social approbation, e.g. employers interpreting such behaviour as revealing a lack of
seriousness in career advancement and by the incomprehension of other males). In all of
these cases the social actions of a small number of individuals offered counter-examples
to accepted patterns of conduct. To different degrees between each of these cases, these
behaviours have begun to be sedimented into the social structure.
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given above would be consistent with these general ideas. It should be possible
to map out other complex systems accordingly. It would also be possible to
examine other aspects of globalisation while keeping in mind these general
points.

The theories briefly outlined above help to bring out two things. First, they
indicate that — at least in principle — even very complex processes such as
globalisation are not beyond any human control. Globalisation is not fate and it
is not unstoppable. Where we are now is the result of human actions. What
happens in the future will be the consequence of human actions. Second, the
structural mechanisms underlying the processes of globalisation are central to
these processes because the mental models used by human agents are central to
the functioning of any social effect.

Yet, the language used in both camps, “the bacchanalian whirl of
generalization and meta-historical claim which has masked discussion of
globalization” (Halliday, 2001), can seem to reject understanding. This is not
true in every case; there are sophisticated propositions being put forward from
either side. But it is surprisingly widespread and it is especially unfortunate
given that the number and bellicosity of clashes between followers of either
side are both increasing and that the battles are not confined to verbal
arguments.

On 26th September, 2000, just a few days before the conference at which
this paper was first presented, one such confrontation occurred. On the streets
of Prague anti-globalisation protesters®* demonstrated and confronted police in
an attempt to influence and disrupt a meeting of the WTO.

Having seemingly abandoned hope of much influence through the old
political channels, campaigners against globalisation are turning to forms of
“direct action” such as was seen in Prague.”

There are clearly growing numbers of people who are feeling disquiet at the
thought of what globalisation might mean for their lives. For example, as we
have seen, workers in the industrialised parts of the world are being told that
they must adapt to often unwelcome changes in their work habits because these
are part of the inevitable process of globalisation. They will not be immediately
convinced that somehow the same process will in the end feed all the starving

24 At a similar confrontation in Seattle on 30th November 1999 one of the protesters
could be seen holding a placard reading, “Join the world wide movement against
globalisation”. This neatly captures the richly ambiguous nature of the phenomenon of
globalisation.

25 At the time of writing, similar demonstrations had occurred again, at the European
Union conference in Nice on 6th and 7th December 2000.
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children of the world. Yet in the week of the Prague meeting the front cover of
the magazine “The Economist” was a photograph of an African child with the
superimposed caption “The case for globalisation” (The Economist, 23rd — 29th
September 2000).2°

On the other hand, it is not reassuring to find among those frightened by the
prospect people who argue that globalisation is nothing but a secret conspiracy
organised by the CIA, a diagnosis offered by one of the protesters interviewed
in Prague on the evening of 26th September

Such simplistic argumentation on either side reduces the options for
effective action, let alone for any fruitful discussion between the two camps®®
because it reduces the options for a systemic understanding of what is going on.
“Understanding” in this context refers to the mental models people use when
taking decisions (c.f. Figure 8). System dynamics indicates that those having
poor mental models are likely to be surprised and disappointed by the
consequences of the actions that they take (Forrester, 1970). In the case of the

¢ As noted previously, the editorial in that edition of the magazine also merits
attention. It combines a condemnation of the presumption of inevitability — “Internatio-
nal economic integration is not an ineluctable process as many of its most enthusiastic
advocates appear to believe” — with a series of grand claims about the benefits of glob-
alisation especially with regard to “third world poverty”. The latter provoked a number
of responses on the letters page of the following issue taking a completely opposite
position on effects and consequences (see also Madeley, 2000).

The Economist commentator worried that “governments and their international
agencies — which means the IMF and the World Bank, among others” are increasingly
“pandering” to anti-globalisation activists, “adjusting both their policies and the way
their policies are presented to the public at large”. A writer in the Financial Times, 30th
January 2001, “Guilt drives west to adopt lofty ideals”, described renewed promises
from first world governments to open their markets and wondered whether, “the rhetoric
on tackling world poverty (will) translate into action.” Two divergent views again about
what is going on and how it might be influenced.

7 See also footnote 17.

% The camps are taking note of each other to some extent: at the meeting in Davos,
according to the Financial Times, 24th January 2001, “Power élite at Davos poised to
vie with protesters for attention”, “accusations that Davos is a cosy capitalist club that
conspires in secret to run the world have made their mark on the agenda. Globalisation
backlash is a prominent topic, and about 60 representatives of non-governmental
organisations ... and labour unions are expected.” This was complemented by

“unprecedented security measures” and, among the uninvited, were those rallying
support for demonstrations via the internet (an increasingly popular way of organising
anti-globalisation and associated causes — Le Nouvelle Observateur, 18th-24th Jan-
uary 2001, “Debout, les internautes de la terre”).

Meanwhile, some observers remained confused about distinctions between actors
and structures, “The markets are watching the movers and shakers in Davos. The world
is watching on CNBC.“ The Financial Times, 25th January 2001, advertisement.
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truly complex social systems knitted together by the processes of globalisation,
such consequences could turn out to be quite undesirable for individuals when
they make decisions but not just for them.

The quality of the debate on this issue is often poor and not only among the
general public gathered in offices or restaurants. Disappointingly, the offerings
of government officials, politicians, employer or employee representatives are
not always better.

V. The Third Approach in Summary

By our choice of example we hope to have shown just why it is important to
challenge the idea that powerful feedback effects in complex systems cannot be
controlled by human action.

Globalisation presents some further examples of arguments implicitly based
on reinforcing loops; some virtuous circles, some vicious circles. Furthermore,
globalisation is an ontologically thick phenomenon involving the interaction of
agency and structure. Its mechanisms are complex and its consequences hard to
agree upon. Nevertheless, the argument made in sections D and E makes two
proposals about a third approach to reinforcing loops.

First, even complex social systems are, in principle, within human control
since they are of human creation. In practice, the effort necessary to continue,
terminate or redirect any processes within them will be different in each case.
The involvement and understanding of large numbers of people may be needed.
The prospects of success may vary. Nevertheless, for there to be any prospect
of success, understanding is important. That understanding must concemn itself
with the underlying mechanisms and the possible consequences of different
actions and policies.

Second, the use of feedback ideas from system dynamics, incorporating
contemporary ideas from social theory, has the potential to improve that
understanding.

F. Closing Remarks

In its entirety this paper is intended to be an encouragement to think about
reinforcing feedback effects as well as balancing ones and to consider them
carefully. People tend to think more about balancing effects, about steering
away from problems. This is perhaps natural. Classical civilisation gives us a
vision of Scylla carved on a bronze bowl (Figure 9). It is a terrifying vision. No
wonder Odysseus wanted to steer far way from it. Similarly it is natural for
humans to try to avoid problems. But sometimes they may steer into greater
problems. The Department of Greek and Roman Antiquities in the British
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Museum in London was able to supply us with the depictions of Scylla in this
paper. Yet it did not have a single image of Charybdis. We do not know
whether classical civilisation could not portray it. For us today, however, it may
seem easier to steer away from a problem that has been identified, than to
imagine another that we might accidentally spiral into.

Figure 9: Central design from a bronze patera (shallow dish) showing Scylla
devouring the companions of Odysseus. Roman, made about AD1-50.
From Boscoreale, near Pompeii. GR 1897.7-26.7, BM Cat Bronzes 882.
Copyright British Museum, London.

Of course, reinforcing loops do not spring up everywhere. Likewise, not all
reinforcing effects have unwelcome consequences. But whether the
consequences might be welcome or unwelcome it is problematic merely to
presume that any reinforcing effect will be overwhelmingly powerful.

The aim of the examples and arguments in this paper is to even out the
empbhasis a little, and bring reinforcing loops more into the thinking of system
scientists. To assist in that change of emphasis, three approaches have been
suggested.

First, whether taking a drink, considering a new pay scheme or implement-
ing a global trade agreement, decision makers need to think about the possible
existence of reinforcing feedback effects.
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However, second, careful mapping and rigorous testing can assist in decision
making in complex systems. Labour costs must still be managed. More staff
must sometimes be hired. To find effective interventions the formality and
rigour of computer modelling will be needed far more often than not.

Finally, it should never be forgotten that, at least in principle, social systems
are within human control. We have explored the example of globalisation
where this is a problem of particularly impressive proportions but there is a
general point. Human beings are responsible for social systems, and so they
should try to understand them.

Where the debate is poor, we think that it can be illuminated using the tools
of systems science. Of those, we, of course, believe that one set, namely that
employed by system dynamics is very useful, particularly when it comes to
reinforcing effects. Whilst we believe that popular discourse could be
improved, we also think that system dynamics ideas have something to offer
the technical discourse. In the shape of a combination of feedback analysis and
agency/structure ideas, they can provide a platform to create subtle and supple
models.

Choosing how to steer between Scylla and Charybdis is not a decision that
confronts everyone but many decisions involve difficult choices in complex
situations. Odysseus had help from a goddess. He decided that Charybdis posed
the greater threat and chose to stay closer to Scylla. He lost some of his crew
but the ship passed between the two rocks. Odysseus eventually reached his
home of Ithaca. Researchers today have system science. When system science
encourages decision makers to think about reinforcing feedback effects as well
as balancing ones, it can help them to complete their voyages.

Figure 10: Detail from the outer frieze of a red- and black-figured kylix (drinking cup)
showing a galley under sail. Made in Athens about 510-500 BCE.
From Vulci, Etruria. Canino Collection, GR 1843.11-3.29, BM Cat Vases E2.
Copyright British Museum, London.
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