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Projects involving the use of 
simulation
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Today a focus on market dynamics 
and innovation diffusion
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Limited predictability of a complex system 
does not exclude the possibility to manage 
this system



Market dynamics
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Market dynamics and social simulation
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GLM versus Social simulation

GLM: where do we arrive 
given the current situation? 

GLM: How do changes in 
the instrumentarium affect 
the expected arrival?

SocSim: what are more and 
less likely routes? 

SocSim: How to respond to 
different (unanticipated) 
developments? GLM: Where do we arrive?SocSim: How to sail?



Goals of market simulation
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A better understanding of the complex nature of 
systems contributes to shaping the future rather than 
predicting it



Market dynamics and social simulation
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�P�R�G�H�O���P�D�U�N�H�W���G�\�Q�D�P�L�F�V���P�R�G�H�O���P�D�U�N�H�W���G�\�Q�D�P�L�F�V��E.g., Gilbert, N., Jager, W.,  E.g., Gilbert, N., Jager, W.,  DeffuantDeffuant, G., , G., AdjaliAdjali, , 
I., (2007). Complexities in Markets:  Introduction to the SpeciaI., (2007). Complexities in Markets:  Introduction to the Special Issue. Journal of l Issue. Journal of 
Business Research, Business Research, Volume 60, Issue 8 Volume 60, Issue 8 

�� EconophysicistsEconophysicists werewere amongamong the the firstfirst in in developingdeveloping percolationpercolation
models of models of diffusiondiffusion dynamicsdynamics

�� These models These models oftenoften considerconsider individualsindividuals as as identicalidentical particlesparticles
communicatingcommunicating withwith theirtheir locallocal neighborhoodneighborhood in in tryingtrying toto
optimiseoptimise theirtheir outcomesoutcomes

E.g.: E.g.: Goldenberg, J., Goldenberg, J., LibaiLibai, B. & Muller, E. (2002) Riding the saddle: How cross, B. & Muller, E. (2002) Riding the saddle: How cross--
market communications can create a major slump in sales. Journalmarket communications can create a major slump in sales. Journal of Marketing, of Marketing, 
66(2), 166(2), 1--16.16.



Diffusion of innovation
The agents rule: Is the quality (q) of this product higher than
my preference (p), then adopt – perfect information

market shares
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Physicists: atoms communicate, translate to humans!

Uniform distribution

Quality of product = .5

See, e.g.: S.A. Delre, W. Jager, T.H.A. Bijmolt, M.A. Janssen. 
(in press). Will it spread or not? The effects of social influences 
and network topology on innovation diffusion. 
Journal of Product Innovation and Management. 



Percolation models
The agents rule: Is the quality (q) of this product higher than
my preference (p), then adopt and inform my 4 neighbours



Diffusion of innovation

The agents rule: Is the quality (q) of this product higher than
my preference (p), then adopt – perfect information
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Diffusion of innovation

The The problemproblem: : 

�� PeoplePeople do do notnot optimiseoptimise theirtheir outcomesoutcomes
accordingaccording toto the the rationalrational actoractor approachapproach

�� PeoplePeople are are connectedconnected in in variousvarious waysways ((socialsocial
networksnetworks))

The The challengechallenge::

�� RepresentingRepresenting humanhuman decisiondecision--makingmaking and and 
socialsocial networksnetworks in a in a multimulti agent agent basedbased modelmodel



What theories of behaviour?

Social comparison theory

Theory of Reasoned Action

Social Judgment Theory
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Theory of Normative Conduct



A model of consumer behavior

Brain systems



Evolutionary origins of need

Basal ganglia

Brain stem



The reptile brain (brain stem, 
cerebellum)

The reptile wants: The reptile wants: 

�� order order 

�� physical safety physical safety 

�� repetition repetition 

�� security security 

The reptile fears:The reptile fears:

�� change change 

�� dislocation dislocation 

�� novelty novelty 



CerebellumBasal ganglia

Brain stem

Limbic system

Evolutionary origins of need



The mammalian brain (limbic
system)

The limbic system wants:The limbic system wants:
�� AffiliationAffiliation
�� celebration celebration 
�� emotional involvement emotional involvement 
�� recognition recognition 

The limbic system abhors:The limbic system abhors:
�� alienation alienation 
�� emotional threats emotional threats 
�� lack of communication lack of communication 



CerebellumBasal ganglia

Neo cortex

Brain stem

Limbic system

Evolutionary origins of need



The primate brain (neo-cortex)

The neo cortex wants: The neo cortex wants: 

�� activity activity 

�� challenge challenge 

�� novelty novelty 

�� stimulation stimulation 

The neo cortex deplores:The neo cortex deplores:

�� boredom boredom 

�� deprivation deprivation 

�� stagnation stagnation 



A model of consumer behavior

Brain systems

Neo cortex

Limbic 
system

Brain stem

Mind that these 
systems often operate
quite independently

Mind that
questionnaires and 
interviews mainly
address the Neo Cortex



A model of consumer behavior

Brain systems

Neo cortex

Limbic 
system

Brain stem

Needs



What needs do consumers have?

Maslow (1954)



Max-Neef (1992)

What needs do consumers have?

�� Freedom Freedom 
�� IdentityIdentity
�� Creation Creation 
�� LeisureLeisure
�� ParticipationParticipation
�� UnderstandingUnderstanding
�� AffectionAffection
�� ProtectionProtection
�� SubsistenceSubsistence

Identity needs

Social needs

Survival needs



A model of consumer behavior

Brain systems

Neo cortex

Limbic 
system

Brain stem

Needs

Identity

Social

Survival

Involvement :
The more important 
behaviour is for the 
satisfaction of (several) 
needs, and the lower
needs satisfaction is, 
the higher involved the 
consumer will be



Decision strategies

Short term

Long term Individual heuristics
-Compensatory
-Non compensatory

Social heuristics
-Social comparison
-Imitation

Automatical heuristics
-Habits
-Reflexes



Internal conflicts between needs



A model of consumer behavior

Brain systems

Neo cortex

Limbic 
system

Brain stem

Needs

Identity

Social

Survival

Deciding

Individual 
heuristics

Social 
heuristics

Automated 
decisions



Conclusions on modelling consumer 
behaviour

�� Needs as motives of consumer behaviourNeeds as motives of consumer behaviour

�� Consumer decision making: cognitive effort & Consumer decision making: cognitive effort & 
individual and social dimensionsindividual and social dimensions



Why do we try to formalise this?

�� BehaviouralBehavioural driversdrivers,,suchsuch as as needsneeds and and 
decisiondecision strategiesstrategies::

1:1:LayLay at the foundation of at the foundation of manymany behaviouralbehavioural
dynamicsdynamics

2:2:ProvideProvide pointspoints of of applicationapplication forfor policypolicy
measuresmeasures

MimickingMimicking justjust doesndoesn’’tt do the job!do the job!



Including behavioural drivers.
An example of needs

individual need only
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See, e.g.: Janssen, M.A. and W. Jager (2001) Fashions, habits
and changing preferences: Simulation of psychological factors 
affecting market dynamics, Journal of Economic Psychology, 
22: 745-772.



Including behavioural drivers.
An example of decision-making
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See, e.g.: Jager, W., Janssen, M.A, De Vries, H.J.M., De Greef, J.
and Vlek, C.A.J. (2000). Behaviour in commons dilemmas: Homo 
Economicus and Homo Psychologicus in an ecological-economic 
model. Ecological Economics, Vol. 35:357-380 



Back to the diffusion of 
innovations

�� The The problemproblem: : peoplepeople attachattach a a socialsocial valuevalue toto
productsproducts ((conspicuousconspicuous consumptionconsumption) ) 

�� The The challengechallenge: : representingrepresenting conspicuousconspicuous
consumptionconsumption in a in a multimulti agent agent basedbased modelmodel



Ni = Need satisfaction agent i
Ns,i = Social need satisfaction
Np,i = Personal need satisfaction

Diffusion of innovation, a simple
extension with social needs

ipiisii NNN ,, )1( ×-+×= bb

Agents may initially decide not adopt, but 
due to social pressure decide to adopt later



Diffusion of innovation, a simple extension
with social needs

--Network effects are criticalNetwork effects are critical

Regular lattice Small World               Scale Free



Diffusion of innovation

Market shares
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Towards more complex agents

�� We want We want toto addressaddress basicbasic behaviouralbehavioural driversdrivers
in the agent in the agent rulesrules

�� NeedsNeeds and and decisiondecision makingmaking strategiesstrategies



repetition deliberation

imitation social 
comparison

Satisfaction 
(involvement)

Uncertainty

(complexity)

high

high

low

low

Consumer decision-making: 
the consumat (1999)

IndividualIndividual strategiesstrategies

SocialSocial strategiesstrategies

LowLow
cognitivecognitive
EffortEffort

High High 
cognitivecognitive
EffortEffort

See, e.g., Jager, W., (2000). Modelling consumer behaviour. Doctoral thesis. 
Groningen: University of Groningen, Centre for Environmental and Traffic sychology.  



Consumat model



Market dynamics (2001)
�� VaryingVarying the the tendencytendency of of agentsagents toto (1) (1) investinvest

cognitivecognitive efforteffort in the in the decisiondecision makingmaking
processprocess, and (2) , and (2) usingusing individualindividual versus versus 
socialsocial strategiesstrategies

�� 10 10 productsproducts, , removedremoved ifif shareshare remainsremains lowlow

�� Different types of Different types of consumerconsumer markets:markets:

-- involvedinvolved individualistsindividualists ((muchmuch deliberationdeliberation))

-- lowlow--involvedinvolved socialsocial orientedoriented ((muchmuch imitationimitation))

-- involvedinvolved socialsocial orientedoriented ((muchmuch socialsocial

comparisoncomparison))

See, e.g.: Janssen, M.A. and W. Jager (2001) Fashions, habits and changing 
preferences: Simulation of psychological factors affecting market dynamics, Journal 
of Economic Psychology, 22: 745-772.
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Market dynamics: Deliberators



Example 1: a market of imitators
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Market dynamics: Imitators
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Market dynamics: Social comparers



Balancing between simplicity, 
complexity and applicability: 
redefining a behavioural model 

�� �$�J�H�Q�W���D�U�F�K�L�W�H�F�W�X�U�H���K�D�V���W�R���U�H�I�O�H�F�W���W�K�H���N�H�\��
�G�U�L�Y�H�U�V���R�I���F�R�Q�V�X�P�H�U���E�H�K�D�Y�L�R�X�U

�� �0�D�U�N�H�W�L�Q�J���V�W�U�D�W�H�J�L�H�V���F�D�Q���E�H���L�P�S�O�H�P�H�Q�W�H�G���D�V��
�D�I�I�H�F�W�L�Q�J���W�K�H�V�H���N�H�\���G�U�L�Y�H�U�V

�� �7�K�H���F�R�Q�F�H�S�W�X�D�O���	���I�R�U�P�D�O���P�R�G�H�O���V�K�R�X�O�G���V�H�U�Y�H��
�W�R���S�U�R�J�U�D�P���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�V���R�I���Y�D�U�\�L�Q�J��
�F�R�P�S�O�H�[�L�W�\���¦ �V�L�P�S�O�H���P�R�G�H�O�V���F�D�Q���E�H���H�[�W�H�Q�G�H�G��
�X�V�L�Q�J���W�K�L�V���P�R�G�H�O��



The four P’s of Marketing 
(McCarthy, 1960)

�S�U�R�G�X�F�W����

�S�U�L�F�L�Q�J

�S�O�D�F�H�P�H�Q�W��

�S�U�R�P�R�W�L�R�Q

See: Jager, W. (2007). The four p's in social simula tion, 
a perspective on how marketing could benefit from t he use 
of social simulation. Journal of Business Research . 
Vol 60(8) . pp. 868-875.



Product 

� Product characteristics relate to individual 
preferences (related to needs)

� Vector model of preferences: the more, the 
better (quality, service)

Uinj =  Ajn

With: 
Uinj = Utility of consumer i on attribute n for 

product j
Ajn = Score of product j for attribute n



Product 

� Ideal point model of preferences: relative 
position on a scale (design, colour, taste)

Uinj = 1 - |Ajn - Pin|  

With: 
Uinj = Utility of consumer i on attribute n for

product j
Ajn = Score of product j for attribute n
Pin  = Preference of consumer i for attribute n



Product 

� Besides individual preferences, consumers 
also have social preferences for products

� Networks play a critical role in social effects, 
and much can be said about preferential 
attachment

Uinj =  Nj/N 

With:
Uinj = Utility of consumer i on attribute n (here the

social attribute) for product j
Nj = Number of neighbours consuming product j
N     = Number of neighbours



Product 
� The utilities (vector, ideal point and social) 

are summed to construct a total utility. Beta 
indicates the relative weight of each utility in 
the total utility

With:
Uij = Utility of consumer i for product j, ranging 

from 0 to 1
ßn = Weighting of attribute n, ranging from 0 to 1
Uijn = Utility of consumer i for product j for attribute n

n

U
U ijn

n

n
ij

)*(
1�=

b



Product 

� The weighting of utilities can be different for 
different agents, thus including 
heterogeneity (segments!) in the consumer 
population

With:
Uij = Utility of consumer i for product j, ranging 

from 0 to 1
ßn = Weighting of attribute n, ranging from 0 to 1
Uijn = Utility of consumer i for product j for attribute n

n

U
U ijn

n

in
ij

)*(
1�

=
b



Product

�� NeedsNeeds cancan bebe representedrepresented as the type of as the type of 
((conflictingconflicting!) !) preferencespreferences satisfiedsatisfied byby the the 
attributesattributes belongingbelonging toto a producta product

�� The The decisiondecision processprocess of of consumersconsumers cancan bebe
representedrepresented byby the the valuesvalues of the of the betasbetas

-- CognitiveCognitive efforteffort: the : the numbernumber of product of product 
aspectsaspects taken taken intointo account (account (involvementinvolvement))

-- SocialSocial v.sv.s individualindividual orientationorientation: : weightingweighting
of of socialsocial utilityutility



Price 
�� The concept of The concept of valuevalue--forfor--moneymoney is is beingbeing usedused

toto link link priceprice toto utilityutility

�� the value for money will be closer to the utility the value for money will be closer to the utility 
of the product the lower its price and the of the product the lower its price and the 
higher the consumers budgethigher the consumers budget

With:
Vij = Value for money of product j for consumer i
Uij = Utility of consumer i for product j
Pj = Price of product j, ranging from 0 to 1
Bi  = Budget of consumer I, ranging from 0 to 1

)1(** jiijij PBUV -=



Placement

First a focus on distance:First a focus on distance:

-- Simple formalization: distance as additional Simple formalization: distance as additional 
attribute in the model attribute in the model 

-- Heterogeneity in distance score expresses Heterogeneity in distance score expresses 
the distance to a buying location. the distance to a buying location. 

-- Weighting the distance attribute (with a Weighting the distance attribute (with a ßß) ) 
distinguishes between markets where distinguishes between markets where 
distance is important (e.g., groceries) versus  distance is important (e.g., groceries) versus  
unimportant (e.g., eunimportant (e.g., e--commerce)commerce)



Promotion

- Promotional activities by producers
(i.e., mass media, viral techniques) 
and other stakeholders (government, 
NGO’s)

- Interaction between consumers , 
such as Word-of-Mouth (normative & 
informative)



Again, back to the diffusion of 
innovation

market shares
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Some preliminary results on promotion
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1 of 90 means targeting 1 group of 90 agents
90 of 1 means targeting 90 groups of 1 agent

The problem: who should we address in a promotion campaign: 

a cohesive group, or random people? 



Some preliminary results on promotion

The problem: when should we start a promotion campaign
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Empirical data

�� Macro level Macro level salessales data (& timing of marketing data (& timing of marketing 
strategiesstrategies) ) –– developmentdevelopment of of marketmarket sharesshares
over time and over time and indicationindication of marketing of marketing effectseffects

�� Micro level Micro level salessales data (data (loyaltyloyalty cardcard data) data) ––
howhow do do consumersconsumers behavebehave in a in a marketmarket

�� Micro level data Micro level data onon decisiondecision--makingmaking –– gettinggetting
grip grip onon the the decisiondecision--makingmaking processprocess of of 
consumersconsumers ((attributesattributes & & weightsweights))



Sailing Social Dynamics

It’ not about predicting the future …
it’s about shaping it!
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