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1. Questions to the V<2Y._ager: Purpos e of this Report 

On their journey to Terra Incognita, the members of an 
expedition face many questions by onlookers and critics, by sponsors, 
by natives encountered along the way, by fellow participants, and 
especially by thosc who are intere s ted in the venture and would like 
to contribute ~hemselves . In facing up to these questions, the voyagers 
themselves acquire a clearer picture of their purpose and their goals . 

We have prepared this report in order to acquaint the reader 
from any of the categories listed - with Project UTOPIA ( see below ) 
presently being undertaken at Institut für Systemtechnik und Innovations -
forschung ( ISI ) in Karlsruhe in cooperation with an international 
group of scientists from different disciplines. This is thereforc not 
a scientific report. Background material on some of the topics discussed 
below i s available or will eventual! y be available ( cons ult the current 
List of Reports and Publications appended to this report ). 

In order to attract the cooperation of qualified scienti sts , ISI 
lets subcontracts of variable duration covering specific areas to 
researchers in a variety of disciplines. The spectrum of these subcontracts 
ranges from literatur e surveys through the development of compute r 
programs to ba sic research. Interested persons are invited to contact 
the Principal Investigator ( H. Bossel ). 



2. Milestones Along the Way: Research Stages 

Any research project proceeds by stages; each stage requires 
attention to a number of different aspects . We shall discuss these 
aspects in succes sion. The stages are: 

formulation 
preparation 
research process 
di s tillati on 

2. 1 Formulation 

Nomen est Omen: Project Name 

The official title of the project ( 11 Simulation of the Normative 
Stratum and of Normative Change Exemplified by th e Rehtionships 
between Industrial and Developing Nations 11

) does not adequately 
capture the intent of our research . ·we have therefore settled on 
11 Project UTOPIA 11 

( _!lndertaking !_:::> Qperationalize _E'olicy-Directive 
Indicators of Action ). No further explanations, no apol ogies , no 
questions , please. 

Paying for the Journey: Sponsor 
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The res earch is financed by Stiftung Volkswagenwerk, Hannover, 
F • .R. Germany 

Many a Moon : Duration of the Project 

The p roject began on January 5, 1974 and will end on December 31, 
1976. 
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Where A re We Going: Research Goal 

Societal processes are controll ed by human actions, resulting 
in particular from cons cious decision-making; actions are determined 
by the normative set of a given actor; these normative sets change 
dynamically in re sponse to a changing environment. Thus normative 
chang e causes societal change; societal change causes normative change. 
Any attempt to understand societal development must include these 
components. Any attempt to simulate societal development must include 
a quantified description of them. Here lies the rub: there is little help 
to be found in the literature . 

Our goal is to contribute in the following areas : 
( 1 ) Colle ction a nd description of complete normative sets for 

a given decision - maker (individual or collective ) in a given decision . . + 
situat1on. 

( 2 ) D es cription of change processes of normative sets in a 
manner which a ll ows simul ation by computer programs. 

( 3 ) Maki ng decision processes more transparent by clarifying 
decisi on premis es , u sing results under ( 1 ) and ( 2 ). 

( 4 ) Simulation of complete deci sion and action processes ( including 
normative change ) ove r l ong time p eriods , in order <: o improve long-range 
planning capability. 

( 5 ) D evel opment of planning tools and decision-making aids 
using model banks and interactive ( man:-machine ) simulation. 

+ The terrns 11 decision-making 11 and 11 decision-maker 11 are applied here 
also to subconscious action-choice u sing internaliz ed state p attern classifiers 
and corresponding respons e programs . 



Why Go: Reasons for the Research 

Major reasons for undertaking this research: 

( 1 ) Simulation offers the pos sibility of significant increases 
in the efficiency and accuracy of planning and decision processes. 
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( 2 ) There exists a dearth of research results directly applicable 
to simulation of societal processes, especially those dealing with 
normative systems and their change. 

( 3 ) Understanding of normative systems and their chang e processes 
is required for design of ( a) interactive simulations ( man-machine 
dialogue ) and ( b ) a ll -machine ( automatic ) s imulations of decision 
and action proces ses. 

( 4 ) Simulation methods for normative processes and their 
interaction with decision and action proces ses h ave yet tobe developed; 
they are the sti ll missi ng links in advanced s imulation models . 

The P a rt a nd the Whole: Projec t Context 

A soci etal system can b e s een as being compos (;:d of three 
layers or strata ( Mesarovic ) : a causal stratum ( incorporating mainly 
the ' m echanistic ' normal functioning of the system ), a decision 
stratum ( where decisions are made to change parameters or structure 
of the causal s tratum by applying control variables ), and a normative 
stratum ( incorpora ting the no rmative constraints applied in arriving 
at decisions, and their change p r ocesses ). Our resea rch is concerned 
with the decision and normative strata. In order to tes t and to apply 
wha tever approaches will be developed, orientation to a practical 
problem a nd the coupling to a relevant causal stratum are necessities . . 

The pr e sent project is th erefore embedded in the on -going 
Multilevel Regionaliz ed World Model Project ( M . Mesarovic and 
E . Peste!, directors +) being undertaken mainly at the Systems Research 
Center of Case W es tern Reserve University, Cleveland, Ohio, and 
Technische Univers itä t, H annover. ISI has contributed modelling work 

+M. Mesarovic and E. Peste! have suggested and actively encouraged 
the present project. 



in the energy area to this project. In order to use this special 
expertise of our group, our research will be initially oriented 
towarJs application in th e energy sector of the Mesarovic-Pestel 
World Model. This gives 'u~ f~ll access to a very substantial data 
base, to a highly developed - and continuously improved - collection 
of models for all world regions, and to substantial know-how in the 
area of systems s cience and simulation. 

Apart from the cooperation with the Mesarovic-Pestel groups 
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in order to i ncrease research efficiency by division of l abor and sharing 
of know -how the present project is also embedded in the long-range 
research objectives of ISI. The institute has as a major goal the 
development of computer -aided methocls for the support of planning 
and decision - making tasks in government and industry. An understanding 
of normative components of decision-making processes and of their 
change is a major precondition to any work in this area, 

Getting Down to Brass Tacks: Specifi c Applications 

Results and methods developed in the initia l phase of the project 
are appli ed to problems of energy policy invol ving initially one and l ater 
two or more of the world regions within the framework of the Mesarovic
Pestel world model project. 

The work on implementation proceeds in several distinct stages 
( see a lso Time and Work Schedule ): 

( 1 ) Addition of interactive components to an exi sting model of 
the energy supply system in order to ext r act decision criteria, their 
weights, and subjective evaluation scales from decision-ma kers interacting 
with the simulation model. 

( 2 ) Use of thi s information in an optimization program which 
suggests particularl y promising s cenarios to the decision-maker for 
further investiga tion. Application to W cstern Europe . 
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( 3 ) Development of a formalized model of the normative stratum, 
and of normative change, and of decision-making processes, and 
application to a comprehensive model of the Western Europe energy 
system developed by the MP-groups and ISI. Simulation of energy 
policy developments under given external constraint s ( scenarios ), 
and investigation of different pos sibl e s cenarios of transition from a 
fossil-fuel based energy system to one having a more permanent energy 
base. 

( 4 ) Coupling of energy - exporting to. energy - importing regions 
(Wes t ern Europe and the Middle East ) using fully simulated normative 
and decision strata. Study of different scenarios and identification of 
strategies leading to mutually beneficial long-range cooperation during 
an<l after the transition period to a more permanent energy base. 

Charting and Chan ging a Course : Research Strategy 

Crossing an unknown mountain range in order to reach a distant 
goal requires an initial plan and a willingnes s to cha nge that plan if 
warrante<l in the light of new information obta ined along the way. 
In this report we describe our initial research plan. It is extremely 
unlikely that it will not be change d substantially in the course of the 
project research - the adoption a nd pursuit of a rigid re s earch schedule 
would be tantamount to cla iming advance knowledge o.f the outcome, and 
to a refusal to learn along the way. 

The e l ements of our res earch strategy are 

( 1 ) A strong committment to the res e arch goals stated above. 

( 2 ) A flexible approach with regard to the means used to achieve 
the research goals . The utility of staying on a given course will be judged 
against the utility of change-over costs and a different a pp:roach. 

( 3 ) A small nucleus of full-time project staff ( system analyst , 
social scientist, com.puter specialist ) r e inforced by t emporary assignments 
of ISI s cientists and staff, and by work contracts to outside specialists 
as required. 



( 4 ) A multi-disciplinary approach throughout , with major 
contributions from systems science and mathematics , psychology, 
social p s ycholo gy and empirica l sociology, manag ement science, 
poli tical s cience , th eoretical s ociology, and philosophy. These 
contributions will either come from the existing literature, or will 
be original research done a t ISI or in the context of work contracts. 

( 5 ) U se of the computer wherever appropriate . As id e from 
a ll aspects of simulation, the computer will be used in the extensive 
documentation stage andin the subsequent retrieval for evaluation of 
stored bibliographic materia l. Programming will be done exclusivel y 
in FORTRAN for reasons of compatibility, while documentation will 
u se the GOLEM documentation and retrieval systern. 
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( 6 ) An attempt to base the research as much as po s siblc on the 
concepts and approaches developed in the individual discipl ines conce rned , 
both through use of the relevant lit e rature and through cooperation with 
specialists in individual fields . 

( 7 ) Full verification and validation of a ll elements and concepts 
use<l . 

Time is Money, but Haste Makes Waste: T i me and Work Schcdule_ 

The present research program i s outlined in the time-graph 
of Fig. l. The height of each horizontal profile represents approximately 
the expected intensity of each individua l subprogram at a given point in 
time. Some s ubprograms are conditional on the completion of other 
subprograms ; arrows show the connections and the approximate point 
in time where a signifi cant contribution is e.x:pected. Where no connections 
are shown ( e. g. lit era.ture search ), a continuous contribution i s 
expected . 

The major subprograms and approximate dates of major contributions : . 

( 1 ) Lit erature search ( summer 1975 ) 
( 2 ) Data collection ( summer 1974; winter 1975/6 ) 
( 3 ) Energy/Economy integrated causal model ( s ummer 1974 
( 4 ) Interactive approach and ergonomics ( winter 1974/5 ) 
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( 5 ) Normative model ( fall 1974 ) 
( 6 ) Interactive energy model (fall 1974 ) 
( 7 ) Fully simulated energy/ economy integrated model ( summer 1975) 
( 8 ) Historica l validation of normative model ( summer 1975 ) 
( 9 ) Coupling of full y simul ated models ( spring 1976 ) 

( 10 ) Inclusion of actual decision-makers ( spring 1976 ) 
( 11) P rogrammecl text for system users (fall 1976) 
( 12 ) Final reports ( fall 1976 ) 
( 13 ) Book (spring 1977 ) 

An Image of the Unknown: H ypothes is 

On the basis of a preliminary literature survey ( see appended 
Bibliography) covering the fields of systems science, psychology, 
socia l psychology and empirical sociology, management sci ence, 
political science, theoretical sociology and philosophy, and previous 
resea rch in thi s area ( see Li st of Project Reports and Publications .) 
a preli.minary hypothes i s h as been chosen to guide further rescarch. 

H ypothesis: Normative systems, normative change processes , 
and a ll aspects of conscious or subconscious behavior - specifically 
decision-making - of individuals or collectives are aspects of information 
proces sing and des cribable by such systems . 

This hypothesis will be modified or rejected as required on the 
bas i s of valid evidence . 

Specificall y, the information proces sing systems of indi viduals 
or collectives h ave the following components : 

sensory systerns 
filters 
short -term mernory 
long-term memory 
emotions 
processor 

Details of thi s approach, which forms the backbone of present rnodel 
formulation attcmpts, are presented in a back-up report ( see List 
of Project Report s a nd Publications ). An outline of the function of 
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the different components is given here in Sec. 3 ( see also Fig. 2 ) . 

2. 3 Research Process 

The Starting Point: R esearch B ackground 

Practically all aspects of the present research project have been 
the object of serious research for some time in several scientifi c 
di sciplines. Even a cursory and preliminary examination of the litera ture 
( see appended Bibliography ) reveals substantial contributions especially 
of systems s cience , of psychology, of social psychology and empirical 
sociology, of management science , of theoretical sociology, and of 
philosophy. It is not tobe expected that entirely new aspects will be 
introduced by the present work. Instead, we have the more modest aim 
of tying a few loos e strings together and operationalizing concepts 
which presently exist mostly in verbal form. 

Table 1 lists aspects of the proposed simulation model together 
with the dis ciplincs and their individua l contributions as they appear 
to be relevant to the project . 

Preparing for T ake - Off: Lit erature Survey 

The large amount of relevant literature spread over many 
disciplines requires evaluation by different individuals well-versed 
in particula r disciplines, and an effective evaluation system permitting 
quick retrieval of information on the basis of specific descriptors . 

lt i s hoped that the majority of literature surveys a nd evaluations 
can be subcontracted to qualified individuals outside of ISI. R e l evant 
findings in the literature surveyed are coded by descriptors, author , 
and location in order to permit storage and later retrieval by the 
GOLEM documentation system in response to any given retrieval 
question (des criptor combination ). 



11 

Fitting Out the Expedition: Research T ools 

The major tool of the research project is the computer, with 
the specific applications: simulation and documentation. Simulations 
are programmed in FORTRAN IV to ensure compatibility with 
practically all computer systems. The documentation uses the GOLEM 
information storage and retrieval system. In - hous e computer capacity 
includes a Siemens 4004/151 processing system with timesharing 
terminals and an IBM 1800 process computer. Part of the associated 
program devel op1nent is being handled at computer centers of the 
Technische Universität, Hannover, of the Medizinische Hochschule, 
Hannover, of the Psychological Laboratory of the University of 
Nijmegen, of the Informatics Institute of the University of Grenoble, 
and at the Systems Research Center of Case Western Reserve University 
at Cleveland, Ohio. 

Methodologi cal tools devel oped rnainl y in the social s ciences are 
used to obtain normative sets and other subjective information. These 
tools include content analysis , interviews, role-playing, delphi techniques, 
scaling techniques, factor and duster analysis , and extraction of 
inforrnation in man-computer dialogues. 

The project language is English in order to facilitate easy 
communication and exchange of ideas among the various participating 
researchers of different nationality. 

Who Goes: Pro ject Staff 

The project requires the participation of scientists from different 
disciplines. It has only a small permanent staff of scientists representing 
the major disciplines involved ( systems s cience, social s ciences, 
computer science, see appended List of P a rticipating Scientists ). 

Asking the Natives: Outside Assistance 

As the research required for the project cuts across many 
different disciplines, use of the services of specialists becomes 
neces sary. However , such tasks are us uall y of limited s cope and 
duration and do not warrant the hiring of full-time staff. These tasks 
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are therefore contracted out to specialists from different disciplines. 
A current li st of scientists who have contributed or are presently 
contributing to the project is appended, At a later stage of the project 
the cooperation also of actual decision-makers becomes vital. Judging 
by initial contacts, little difficulty is expected in this area. 

Where Are the Others: Keeping Up with th e State of the Art 

The initi a l literature survey must b e continuousl y updated and 
supplemented by information gleaned from other sources . T hi s task 
is accomplished by both the project staff and associated consultants in 
several ways: 

( 1 ) by keeping up with the relevant journal publications; 
( 2 ) by s canning ' Current Contents ' for relevant material; 
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( 3 ) by mainta ining personal contacts with individual researchers 
and groups working in rela t e d fields; 

( 4 ) by exchanging informal working papers with such individuals 
and groups; 

( 5 ) by presenting concepts for discussion in small specialized 
working conferences . 

Making a Little Go a L ong Way: Efficient Use of Resources 

The major portion of the project budget is represe nted by 
personnel expenses ; a small part is scheduled for travel , small working 
conferences , literature a nd supplies. Computing expenses are not 
a llowed; the project is therefore dependent on free computer access at 
sympathethi c computer centers. 

In order to allow greater flexibility and efficiency, the regular 
staff is held to t wo full-time positions . The equivalent of an additional 
8 s cientific man-months per year is contractecl out in smaller or lar ger 
chunks, depending on s cope and duration of the specific task. 
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Reporting Our Position: Progress Reports 

As required by the sponsor, formal progress reports are issued 
once a year. Progress reports (in German) only summarize work 
documented in working reports, computer programs, and publications. 
The latter documents a re issued promptly after conclusio:i of individual 
r es earch stages . A current List of Project Repo rt s and Publications is 
appended. Qualified individuals and institutions may rec eive copies of 
these r e port s with the understanding that the use of this ( mostly 
preliminary ) material must be cleared with the respective author (s ) . 
Publi cation of results in the scientific literature will be undertaken 
only after full and sati s factory completion of individual r esearch stages. 

Finding Out Whether the Goal Has Been Reached: Verifica tion and 

Validation 

Verification and valida tion of models and of their r esult s constitute 
an essential part of the project. The greatest possible validity will be 
in s urcd by: 

( 1 ) incorporating onl y - as far as pos s ible - undisputed concepts 
t aken from the individual dis ciplines; 

( 2 ) attempting to falsify new or disputed concepts by subjecting 
them to te sts covering the possible domain of application; 

( 3 ) running validation checks of mod els or model components 
u sing well-documented historical time series as input data . 

2. 4 Distillation 
,1 -------

Telling the Story: Fina l Report 

The final report, issued after completion of the project, will 
draw together the results previousl y report ed in individua l working 
r eports. If the amount and quality of the completed r esearch warrant 
it, the results will b e published in book form. 



Sharing Treasures F ound : Products of the Research 

The possible contributions of the project will be in the fo llowing 
areas: 

comprehensive literature surveys 
forn1aliz ed model s 
general re sults of scientifi c interest 
cornput er progran\s for specifi c appli cations 
rnethods for rnan-machine and all-machine simulation of 
societal processes 
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Contributions in the first three areas wil l be published in the scientific 
literature. The existence of specialized computer programs ( fourth 
item ) will be brought to the attention of potential users. Finally, 
if generally applicable computerized aids for long -range planning and 
deci s ion-making should result from the project, the corresponding 
software will be made available, complemented by a comprehensive 
u ser ' s manual. 
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3. Outline of the Information Proces sing Approach 

The information proce~sing systems of individuals or collectives 
have the following components ( see Fig. 2 ): + 

s ensory system 
filt e rs 
short-term memory 
l ong-term m e mory 
emotions 
processor 

Features of these components will now be dis cus sed in a little more 
detail. The discussion i s preliminary a nd should not be taken too 
serious l y . Full di s cus sion and formula tion of the concepts involved 
is the subject of the project research ( consult the cur rent List of 
Project R eport s and Publi cations for availabl e contributions ). 

Sensory system: E ach sens o r ( e. g. human senses, measur ing 
ins truments ) is able to sense information about the state of one o r a 
lim ite d number of the stat e vari a bles of th e system and its environment. 
The limitations of the sensory systems are a fir st restricti on on the set 
of s t a t e variables that can potentially be monitor ed by the system. The 
potenti a lly sensible set cons t i t utes the maximum dimension of the per
ceived reality space of the system. In the present research we will 
not be expressly concerned with sensory systems ; all state variabl es 
of models of the system a nd of its environment are potential! y avail able 
as monitor varia bles. The ir selection as monitor var i3.bles for the sys t em 
depends onfilter settings. 

Filters: The t erm 11 filter "i s here u sed in a broader sense to describe 
b l ack boxe s introducing a ll possible kinds of information distortion such 
as : i nformation s uppres s ion, b i as , stochastic element::; , exaggerat ion, 
additi on of fal se informat i on about nonexistant state variables ( fabricat i on ), 
and t ime l ags . The filters may be internal or external to the system. In 
the cas e of ind i vi dua l s , internal filter settings are controlled by thc 
s tate variabl es making up the momentar y psychological set of the 
individua l; similar concepts apply to collectives . External f ilters are 
not directly controll e d by variabl es of t he system i tself; their control 
i s effected r ather by external agents ( exampl es : government propaganda; 
fog d riftin g ov er a l andscape ). Finally, th e location of a system at a 
given point in time and space can be viewed as amount ing to a specific 
filter set: obviousl y it i s mostly information about the present and about 
the immediat e s ystem s urroundings which will be received. 

+ 
The approach essenti a lly follows the concepts of Simon , Maslow, and. 

others . 



Short -term mernory: The short-terrn memory p l ays an a ll
irnportant role i n the inforrnation-processing capabili ty of individuals. 
As collective decision-making i s compos ed of ( but certainly more 
than the sum of) individual decision-rnaking, the short-term rnemory 
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can be expected to have a part in the corresponding information proces sing, 
although perhaps les s so. 

A major feature of the short-term rnemory of individuals is its 
limited capaci t y ( the famous 7 ± 2 chunks ), which is generall y slightly 
extended by s t oring l i sts of lists in the l ong-term memory and r etrieving 
by list narne . With these tricks the short-term memory contains , resp. 
has quick access to, the current psychological set, the definition of the 
situation (incl. decision premises ), and th e current state of reasoning 
in the processor. By association using list processing, inforrnation . 
contained i n the l ong -term memory can b e recalled into the short - term 
mernory and us ed in on-going information proces s ing . 

Long-term mernory: By supplying structured or unstructured 
inforrnation to the processor , the long -terrn rnemo ry directly influences 
the quality of the behavior a nd response of the system. The major aspe cts, 
functions, and contents of the long-term memory: 

( 1 ) Random - acces s s tor age of unstructured and encyclopaedic 
information. List names ( 11 patriarchs 11 

) are u sed as access points; 
list it ems usually represent the patri archs of other lists. Tracing 
through such associative chai ns, apparently unrelated items can be 
r ecalled quickly. While an important factor in the heuri stics of decision 
making processes of individuals, no particular benefit of simulation of 
random-access storage in coll ective decision-making is seen at present. 
It will b e assumed that a ll information of r elevance to , previously 
recorded , and not forgotten by a given societal system, will be recalled 
when necessary ( i. e . i n a collective compos e d of many members, the 
chances are very high that someone will recall ist ). 

( 2 ) Hi storical record of the system itself and of its perceive d 
environment. As l ong as this record does not express it self in acquired 
response programs, classifiers, internal models , or constraints ( see 
below ), it has no direct influence on sys t ems response and can be 
treated similarl y to the unstructured encyclopaedic bnformation considered 
under ( 1 ). 



( 3 ) Pattern classifiers for classification and recognition of 
perceived state patterns of the system and of its environments. An 
individual begins life with a minimum set of ethologically determined 
classifiers; the great majority of classifi ers us ed in later life are 
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l earned. Socializa tion insures that individuals in more or l ess homogeneous 
collectives apply very similar classifiers to a given situation. Th e concept 
therefore seems to appl y equall y well to individual and collective b ehavior. 

( 4 ) Internal models of the behavior of the system itself and of 
it s environment. These models are graduall y built up as one as pect 
of 11 experience 11

• They may consist of simple causal chains ( 11 if ••. , 
then •.•• 11 

), or of more complex intuitive and often dynamic models 
( example: pilot preparing mentally to fly new a ircraft ). In collective 
decision-making the interna l mode ls of individuals are used, and no 
n ew point of view enters into the description of the process. 

( 5 ) Acguired r esponses to certain classifiable perceived state 
patte r ns . These represent the other aspect of" experience 11

• Not all 
classifiabl e state patterns will evoke acquired responses; but classification 
is precondition before an acquired r esponse can be meaningfull y applied. 
Again , individuals at birth are acquipped with a m inimum ethological 
set of responses; many others are built up additionally in the course 
of a life -time. In coll ective behavior, the acquired responses of both 
individua ls and the collective as a whole ( 11 group spirit" ) enter . 
Certain responses will be peculiar to collective situations, but a different 
concept is not required. 

( 6 ) Constr a int s of a ll kinds regulating behavior and decision 
making. Thi s normative set consists of the collection of physical 
constraints, minimum needs, aspirations, goals, values , attitudes , 
wei ght s , social norms, etc. Retrieval results in situation-dependent 
set s of con straints. The subjective l evel s of the constraints are changed 
an<l updated by processor ope rations in response to system and environ 
mental conditions and the p s ychologi cal requirement of constraint 
consistency ( removal of cognitive dissonance ) . The concept applies 
una lter ed to collective b ehavior, but constraint set contents will obviousl y 
be different for an individual and a collective sys tem, even if the former 
is a member of the l a tter. 



18 

( 7 ) Processor routines guiding all aspects of system behavior. 
Subroutines are called into the short -term memory as required by 
the master pro gram; the master pro gram its elf is stored in the long 
term memory, wi th the short-term memory remembering the aspect 
of the master program presently active. The most important processor 
routines for individuals are : the master control program of behavior; 
and programs for random access storage by l ist association, for 
classification, for pattern recognition, for reasoning and the construction 
of internal models, for learning behavioral responses, for internalizing, 
deriving, and changing subj ective constraints, for problem-solving and 
search processes (incl. the use of heuristics ), for cornparing, ordering, 
and evaluating, and for checking the consistency of normative constraints. 
In order to apply the concept to coll ect ive behavior, several new aspects 
must be added, in particular: programs dealing with conflict and conflict 
re solution, incl. bargaining and confrontation, with group inte r ests , 
support, power, and manipul ation, and with socialization and consent. 
Collective behavior is therefore obviousl y more than the sum of individual 
behaviors. However, the inclusion of these aspects do e s not at all change 
the theoretical framework:the actions of both individuals and collectives 
can be viewed as the outcomes of information proces sing systems having 
basically the same structure . 

( 8 ) Forgetting as an unavoi dabl e aspect of th e memories of 
biological systems. Forgetting is characteristic of bcth individuals 
and collectives, but not identical in both. The collective memory is 
( ideally ) the sum of all individual memories and their extensions 
( records, data banks, memorials , etc.). As there is a multiplicity 
of access units ( the retrieval capabilities of individua ls ), coupled with 
a multitude of li st names under which information n1ay be stored in 
many different l ong-term memories of individuals a nd artificial devices, 
the recall r ate of collectives will be much high.er tha n that of individuals 
( uses: brainstorming, scientific journals and confer ences, group 
discussions ). For operational purposes, the forg etting f\lnction of the. 
l ong-term rnemory can be viewed as the res ult of an eras ure routine. 
Basically this eras ure is stochas tic with a very s trong supe rimpo s ed 
influence of the psychologica l s et, which allows some perceive d state 
patterns to be compl et e ly forgotten while others are vividly re1nembered. 
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Emotions: It is important to realize that emotions are the driving 
force behirtd individual or collective behavior. Emotions cause motivations. 
Any a ttempt to simulate behavior without taking emotions and their 
influe nce into account implicitly or explicitly must fail. The major 
dimensions of emotions controlling behavior'appear to be: 

satisfaction/dissatisfaction (incl. such feelings as hunger ); 
consonance/dissonance 
affect 
curiosity 
fatigue/unrest, impatience 

Important emotional components influencing behavior such as hope and 
fear are here understood as 11 projected consonance " resp. 11 projected 
di ssonance 11

• The four dimensions ( satisfaction, affect, curiosity, 
fatigue; there may be others ) all influence the psychological set 
controlling the filter setting and the current contents of the short-term 
m emory, in particular the definition of the situation. Only the first 
two ( satisfaction and affect ) h ave a distinct influence on the contents 
and change of the normative set and its influence on system behavior. 
Aga in there appears to be no qualit a tive difference regarding the role: 
of emotions in the informati on processing systems of individuals and 
collectives. 

Processo r: For operational purposes, the processor is seen as 
the system which executes currentl y active programs . Its function 
could be conside r ed as part of the function of the short-term memory. 
Controlled by the current contents of the short-term memory and by 
the emotional state, the master pro gram in the proces sor calls the 
appropriate subprograms , information, and constraints from the 
long-term memory and processes them in orde r to guide the further 
behavior of the system. Differences in the information processing of 
individuals and collectives a ppear in the different set of programs used 
( see the discussion of the l ong-term mernory ). 

This di scussion of the inforrnation processing systern h ypothesized 
for individuals and collectives has of necessity been sketchy and incomplete. 
We hope tobe able to round it out in the course of our r esearch. We 
also hasten to add that we do not b e lieve the structures ,cornponents , and 
processes rnentioned to be fully de scribea bl e in the language of exact 
and deterrninistic mathematics. It is possible that 'fuzzy 'mathernatics 
may find an application here. 
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