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Motivation 

“There must be mechanisms in societies which permit the 

maintenance of stability in culture patterns across many generations.” 

--- Hofsteder, 2001 
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Glossary: Emergence, Evolution, Equilibrium 

 Common complex systems concepts: 
 
 Emergence: 

 “The whole is more than the sum of parts...that constitutive 
characteristics are not explainable from the characteristics of 
isolated parts...[but] appear as „new‟ or „emergent‟," [19] 
 

 Evolution:  
 The accumulation and advancement of macro-level changes in 

a system over a period of time, across any significant property 
of the system, in any direction 
 

 Equilibrium:  
 The balance, or “centeredness" within a system, [19]; a net 

effect that stems from all micro-level interactions within the 
system 
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Motivation: Lab Focus 
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 Organizational Modelling and Simulation with BDI 

agents  

 Joint Emergency Response 

 Policy Analysis  

 Human Factors as Influences of Organizational 

Behavior 



Motivation (Cont’d) 
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 Cultural modelling allows for studying influence of 

culture, and predicting how it affects 

organizational functions and adaptability. 

 

 Provides a way to visualize and discuss cultural 

effects in different organizational scenarios. 

 

 However, Culture is difficult to conceptualize and 

simulate (Fuzzy). 

 



Literature Perspectives 

 This work relates to (combines) four perspectives: 

 Agent-based interaction models 

 

 Norm-governed models 

 

 Mathematical models 

 

 Multi-dimensional approaches to describe culture 
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Objectives 
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 Objective 1: To model culture in a way that is 

useful for computer simulation experiments. 

 

 Objective 2: To develop simulations of 

organizational culture under different 

configurations. 

 

 Objective 3: To understand (reflect) the 

emergence, evolution, and equilibrium of culture 

with simulation experiments. 



Contribution 
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 Provides a concise definition of culture as a 

complex system and a new seven-dimensional 

model. 

 

 Simulates culture in a belief-based multi-agent 

system that explores cultural emergence, 

evolution, and equilibrium. 



Methodology 
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Model 
(Objective 1) 

1. Define 
Culture 

2. Describe 
Dimensions 

3. Select Sub-
factors 

Simulate 
(Objective 2) 

4. Formula 
Determination 

5. Scenario 
Development 

6. Agent 
Development 

Experiment 
(Objective 3) 

7. Run 
Simulation 

8. Visualize 
Output 

9. Re-configure 
& Repeat 



Modelling Culture 

Objective 1: To model culture in a way that is useful for 
computer simulation experiments. 
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Defining Culture 

 Holistic interaction among n agents across seven 

distinct dimensions that cause stabilization of 

beliefs within these agents over time.  

 

 This definition: 

 Highlights the multidimensional perspective of 

culture 

 Can be extended to a multi-cultural context 

 “De-fuzzifies” culture as a multi-agent system 

 Permits multiple interaction configurations,  
 To analyze the system at both a small or large scale. 
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Describing Culture  

 Holistic, macro and microscopic focus: 
 Emerging macro-level patterns from bottom-up 

micro-level interactions 
 

 Top-down adaptation pressure on individuals 
 

 Discussed in terms of belief-based transmission, via 
observation or communication 
 

 Situated in a dynamic environment 
 Open, complex system 

 Socio-technical 
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Seven Dimensions 
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• Relates to actual world 1. Physical 

• Represents actors in the culture 2. Individual 

• Associates a role to individuals 3. Functional 

• Characterizes the organizational 
hierarchy 4. Structural 

• Characterizes policies and rules 
that govern behaviour 5. Normative 

• Classifies the type of interaction 
between actors 6. Social 

• Represents elements the system 
consumes and produces  7. Information 



Seven Dimensions (Cont’d) 

 Holistically: 

 Top-down Cultural Pressure:  

 the normative level 
 

 Bottom-up Cultural Emergence: 

 the physical, individual, and functional level 

 

 Combined Influences: 

 the structural, social, and information dimensions are equally 

relevant from both viewpoints 
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Selecting Influence Factors 
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 The 7D approach guides analysis of the cultural question and 

aids in extracting simulation properties: 

 Translating dimensions to cultural elements as “influence 

factors” 

 



Simulating Culture 

Objective 2: To develop simulations of organizational 
culture under different configurations. 
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Global Cultural Beliefs 

 A cultural belief set (CBS) contains beliefs that 

exist in the organization's cultural landscape.  

 attitudes, values, goals, or practices. 

 

 Each belief in the CBS can assume one of three 

values, based on deontic logic: 

 prohibited, permitted, or obligated.  

 

 The CBS is determined by which of the three 
possible values has the greatest consensus 
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Updating the Cultural Belief Set 

Global CBS Global Update Formulas 

 Updating the global 
CBS for the entire 
system of agents 

 Involves iteration of all 
beliefs versus self 
confidence levels 
 
 

 Average Cultural Belief  

 Includes Social 
Influence 
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Social Influence Calculation 

 Agents calculate Influence based on Influence 

Factors and Impact Ratios (%) 

 Values set (subjectively) according to experiment 

scenario 

 Two Cases: 

 Interaction Influence: 

 A  influenced by B (A<B) 

 

 

 

 Personal Influence: 

 A  is self-confident 
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Organizational Simulation 
 Model of a small, generic organization 

 From initial inception to full population and stable culture 

 

 Agents engage in social processes called events  

 Created by powerful organizational actors, such as managers, 
who are able to construct and maintain organizational rules 
 

 Interpretation of events influence meaning, and rule 
development through many actors 
 

 Configuration of rules and actors constitute a specific 
culture 
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Organizational Simulation (Cont’d) 

 Nine agents:  
 Owner, IT Manager, Receptionist, Payroll Manager, 

and five Generic Workers 
 Fully connected network 

 “Subordinate-to" and “Colleague-of" relationships based on 
role 
 

 CBS comprised of three beliefs  
 Working after hours (overtime) 

 Appropriate business attire 

 Punctuality 
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Belief-sets and Equilibrium 
 As more agents join the organization, the culture becomes 

resilient to change 

 If a major destabilizing force occurs cultural shift may result 
 (e.g., a manager in an organization is replaced) 

 eventually resulting in a new belief equilibrium. 
 

 Three separate runs of the simulation are conducted 
 

 Different ordering for when influential agents are added 

 At the beginning 

 In mid-simulation 

 At the end 
 

 How does this order impact culture? 
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Experiments 

Objective 3: To understand (reflect) the emergence, 

evolution, and equilibrium of culture with simulation 

experiments. 
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Experiment 1: Adding Most Influential 

Agents at the Beginning 

25 

• Axis Labels – cultural belief values in the CBS 

• Edge numbers – number of agents present 

• Shape – orientation of resulting cultural system 

• Size – represents maturity (more agents) 

• Emerging culture reaches equilibrium when shape 
is equilateral triangle (3-belief culture) 



Experiment 2: Adding Most Influential 

Agents in the Middle 

26 

• Axis Labels – cultural belief values in the CBS 

• Edge numbers – number of agents present 

• Shape – orientation of resulting cultural system 

• Size – represents maturity (more agents) 

• Emerging culture reaches equilibrium when shape 
is equilateral triangle (3-belief culture) 



Experiment 3: Adding Most Influential 

Agents at the End 
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• Axis Labels – cultural belief values in the CBS 

• Edge numbers – number of agents present 

• Shape – orientation of resulting cultural system 

• Size – represents maturity (more agents) 

• Emerging culture reaches equilibrium when shape 
is equilateral triangle (3-belief culture) 



Conclusions 
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Conclusions 

 Objective 1: 

 Culture modelled as a Complex, Multi-dimensional, 

and Multi-agent system 

 

 Objective 2: 

 Simulated culture for generic organization with 

adjustable configurations with BDI agents 

 

 Objective 3: 

 Tested three different configurations to show 

Emergence, Evolution, and Equilibrium 
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Future Work 
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Future Work 
 Testing different configurations 

 Testing more complicated organizations 

 Testing structure of influence network on culture adaptation 

 Testing agents-of-change 

 Studying integration of different culturally-oriented organizations 
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Multi-Dimensional Model 
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 How to extract parameters for changing and 

exploring culture from the bottom-up? 

 

 For any cultural question: 

 E.g., Casual dress at work {obligated, permitted, prohibited} 

 Does component, or property, X affect the emergence or 

evolution of culture? 

 

 We settle on 7 key dimensions 

 Physical, human (individual), functional, normative, 

social and information dimensions. 

 



Seven Dimensions (Cont’d) 
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Social Influence Formulas 

 The calculation of influence of agent A versus agent 

B is computed according to influence factors, 

impact ratios, and two equations 
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Related Work 
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Literature Overview 

 This work relates to four perspectives: 

 Agent-based interaction models 

 

 Norm-governed models 

 

 Mathematical models 

 

 Multi-dimensional approaches to describe culture 
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Agent-based Interaction Models 
 MASQ:  

 A framework based on quadrants  
 Two overlapping dimensions 

 Individual-Collective (I-C) 

 Internal-External (I-E) 

 Culture as strictly internal knowledge, patterns, and rules 

 I-C quadrant only 

 Does not target the emergence and influence of culture. 
 

 MOISE+/Brahms: 
 Agents to model organizations based on  

 structure,  

 work processes (roles),  

 normative aspects… 

 Toward organization-aware simulation 
 Culture as tradition, an emergent property of norms,  

 but not addressed specifically. 
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Norm-governed Models 
 PreSAGE:  

 Rule-based mechanism to develop agent systems  
 Peer-pressure through reputation 
 Reinforcement learning 
 Voting strategies. 

 Towards understanding cultural influence 
 Does not discuss culture directly, or use belief frameworks 

 

 Ad-hoc networks:  
 Used for resource sharing based on event calculus, 

rules, and graphs.  
 Similar focus on: 

 Permission 
 Obligation 
 Institutional power of certain agents 
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Mathematical Models 

 Wavelet transform: 

 Used to model ethnic violence 

 Poorly defined boundaries  

 Population characteristics 

 Well-mixed or Well-separated. 

 

 Highlights the impact of physical factors and 

emergence 

 Predictor of ethnical violence  

 Historical cases 

 Does not present a detailed model of culture 
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Multidimensional Models 
 Not new, in 

organizational sciences: 

 Hofstede - five and six-
dimensional model  
 for nations and 

governments 

 popular 

 Payne - three 
dimensions.  

 Ashkanasy et al. - ten 
dimensions.  

 Dickson et al. - nine 
dimensions.  
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