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Business Models

• Business Models (BMs) are static representations of a system
• Provide a structured framework to analyse a business to make strategic decisions

• Offer a snapshot of how things work, but don't fully capture the dynamic nature of a system

• Combining BMs with data analytics allows to investigate the impact of changes at 
different points in time
• Helps to identify patterns and relationships within data and to understand how changes in 

inputs (e.g. different marketing budgets) might affect outputs (e.g. sales)
• Relies on data availability; only works for existing systems
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Business Models

• Integrating BMs into simulation models allows to incorporate the dynamic nature 
of complex systems over time
• Simulation tools can capture the dynamics of complex systems over time, considering factors 

like feedback loops and potential disruptions
• Allows to observe how a system evolve (responds to change) over time for different scenarios

• Potential use cases
• Understanding Customer Behavior

• Evaluating Market Dynamics

• Exploring the Impact of Decisions

• Optimising Sales and Marketing Strategies
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Heroes and Cowards Model [Wilensky and Rand 2015]

• Conceptual Definition

• The world consists of heroes and cowards

• A hero would always locate itself between a friend and enemy to shield one from the other

• A coward would always use a friend to shield itself from the enemy
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Heroes and Cowards

• Clarifying causal relationships

5

F=friend
E=Enemy



• Examining theoretical propositions through empirical testing: All heroes

Heroes and Cowards
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• Examining theoretical propositions through empirical testing: All cowards

Heroes and Cowards
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Heroes and Cowards

• Sensitivity Analysis

• Has the proportion an impact?

• Has stochasticity an impact?

• Has the number of participants 
an impact?

• Are patterns dynamic?

• Does time play a role?
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65% heroes 35% cowards - Software: AnyLogicPLE (https://www.anylogic.com/)

Once we have an implementation of the 
model, we can investigate all these 

questions very easily!

https://www.anylogic.com/


Agent-Based Modelling

• Agent-Based Modelling (formal definition)
• A complex system is represented by a collection of agents that are programmed to follow 

some behaviour rules and the system properties emerge from its constituent agent 
interactions
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Agent-Based Modelling

• Schematic representation of an agent-based model
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Agents can represent individuals, 
households, firms, organisations, nations ...

Models can be formulated mathematically 
or by using software engineering

Develop agent-based models
• Define the problem
• Identify active entities (agents)
• Define their states and behaviour
• Put them in an environment
• Establish connections

Ramadiah et al (2021)



Example: Adaptive Architecture Simulation
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Conceptualising Agent-Based Models

• The Engineering Agent-Based Social Simulation Framework
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Adapted from Siebers & Klügl (2017)https://www.cs.nott.ac.uk/~pszps/eabss-toolkit/

https://www.cs.nott.ac.uk/~pszps/eabss-toolkit/


The EABSS Framework

• Using mini focus groups
• Group sizes of 4-5 participants (including moderator) work best

• Estimated time to get through the whole process: 4 hours (or more)

• Confucius vs Socrates
• Collaborative (inclusive) brainstorming

• Mainly discussions (information gathering)

• Debates only when needed

• Moderators (usually the modeller)
• Will often also act as a stakeholder

• Will guide the discussions

• Iterative process
• Reuse of information from previous steps

• Important to go forward and backwards
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Paga Case Study based on Ehret and Olaniyan (2023)
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DEFINE PROBLEM STATEMENT

Title: Empowering Communities: The Paga Payment Revolution.
Broad Theme: Marketing. 
Sub-Theme(s): Service Systems.
Study Approach: Strategic + Exploratory + Theory
Context (provided): Paga is a mobile payment platform based in Nigeria. It allows users to make payments, transfer 
money, and perform other financial transactions using their mobile devices. Paga serves as a digital wallet that 
enables individuals to link their bank accounts and make transactions without the need for physical cash. Users can 
access Paga services through a mobile app or by visiting authorised Paga agents. In this study, we focus on the 
adoption of the Paga Payment System in Nigeria.

Aim:
- Improving financial services in Nigeria
- Success of financial services in Nigeria
@ Adoption of mobile payment service

Remark(s): @ = chosen element
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Remark(s): We should have made a choice here, while debating the Scope table and choosing the relevant elements

DEFINE STUDY OUTLINE

Objectives:
- Model adoption behaviour
- Find out why we have adopters/refusers
- Improve service so everyone has access
- Social ... (?)

Hypotheses: 
- Without mobile payment service the economy would not grow
- The more possibilities there are to use the system, the more people would use it
- Users need to get to the website for adoption rate to grow

Experimental factors:
- Number of user
- Proportion of users
- Number of stores to pay
- Connectivity of people
- Money available for business to improve things
- Demographics of users

Responses:
- Service status
- Satisfaction of users
- Number of website users (?)
- Amount of payment done
- Number of adopters
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DEFINE SCOPE

Actors:
@ User (adopters/refusers)
- Stores
- Holder of the system (platform)
- Shop assistant
@ Regulation authorities
- Sales team
@ Other banks (competitors)
- Government
- Technical staff
@ Businesses (adopters/refusers)
- Media
- Marketing team
- Negotiators
- Bus driver

Physical environment:
- Banks
- Shops
- Public transport
@ Infrastructure (payment system availability)
- Mobile phone
- Bitcoin
- Retailers
-  4G/5G network
- Cash
Social and psychological aspects / phenomena:
- Word-of-mouth
@ Marketing (to individuals/companies)
- Interest in innovation of new products
@ Adoption behaviour
- Technical knowledge of people
- Willingness to adopt
- Separation from work and home locations
- Social connectedness
- Convenience to get access to a mobile phone
@ Mobile phone distribution
- Network quality

Other:
- Network connectivity



Paga Case Study
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Current Research

• Using Conversational AI for modelling (Siebers 2024)

• Having EABSS focus group sessions with virtual stakeholders
• Good for generating innovative ideas (blue sky thinking)

• Requires minimal information upfront

• Using Conversational AI for creating synthetic populations
• Creating synthetic populations for simulations by using virtual interviews

• Creating synthetic populations for simulations by using virtual domain experts

• Both are done by asking the AI to enact different personas
• Requires well designed prompts and careful validation
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