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Systems education and training focus 

• Systems thinking research: Introduces new frameworks, methods and 
techniques, based in systems theory, for addressing complex systems 
engineering problems. 



Systems education and training focus 

• M&S research: develops novel systems modelling methodologies and 
simulation tools to support SE education and training, with focus on the 
areas of systems design and acquisition. 



Systems education and training focus 

• SE Masters Program & Professional Education Courses: design of 
education curricula (from fundamental to advanced) to support systems 
thinking and practice in SE. 



M&S research theme 

• Use case-study driven methodology to: 

– Design a set of M&S capabilities to support the 
development of composable M&S. 

– Validate the developed capabilities in terms of their 
fitness-for-purpose in each case study.  

• Case studies to support the design, development, and 
evaluation of the methodology (i.e. process and tools). 

• In the initial phase, our aim is to develop and test a 
prototype toolset to support learning about the design and 
management of a range of common capability system 
elements including sustainable supply chains. 



Model-based system design 

Requirement analysis 

System functional analysis 

Design 

• Conceptual models 
• Executable models 
• Simulation 
• Scenarios 

Models 
Design Process 



System dynamics simulation paradigm 
• System dynamics (SD) provides a powerful set of conceptual 

and numerical tools to support systems design and problem 
solving, including the abilities to: 
– integrate social and technical elements; 
– integrate physical and information views of the system; 
– model hierarchical systems; 
– model feedback interactions, non-linear relationships, and 

delays;  
– integrate tools from other modelling paradigms (e.g. discrete 

event) in a hybrid framework 

 



• An SD model can model feedback, design scenarios, model 
delays, observing effects on the system behaviour.  

• The transparent structure improves learning and validation. 
 

Example of SD Model Experimentation 



Behaviour over time 

Example of SD Model Experimentation 



Model-Design Gap 
• The modelling process is often 

criticized for being resource 
consuming and skill-intensive. 
– The major bottleneck in the 

development phase and during 
experimenting with simulation 
models. 

 



Model-Design Gap 
• The learning curve of learning about 

SD models is often slow. 
• Limits ability to engage with 

stakeholders who not have that 
much patience. 

 
 



Model-Design Gap 
• The model is developed to test a 

structure defined a priori. 
– allows for ability to conduct 

parametric analysis 
– but limited ability to examine a 

large number of scenarios and 
design configurations without 
having to go through the modelling 
process all over again 



Model-Design Gap 
• The model grows in complexity far 

beyond the user’s cognitive 
capacity compromising the model’s 
transparency and discounting the 
learning insights. 

• Arguably the complexity of the model 
soon grows beyond the intuition of 
even the most expert modeller. 
 



Model-Design Gap 
• model’s building blocks (i.e. stocks 

and flows) may not be intuitively 
relevant to the application domain. 
– A helicopter’s operation can be 

modelled by stocks and flows? 
 



Learning capabilities 
• There is a need for new learning capabilities tools to: 

– Leverage the potential of SD modelling in supporting 
system design 

– Expedite the modelling process by providing reusable and 
tested ‘plug-in’ components 

– Bridge the chasm between modellers and system engineers 
by providing high level domain objects 

– Improve learning by providing users with the flexibility to 
build and experiment with models, without being 
overwhelmed with the model’s technical details 



Research question and objectives 
• How to design, use, and evaluate the use of SD model building 

blocks to support learning about the design of complex systems 
engineering applications (e.g. supply chain design)? 
– Design a methodology (i.e. principles, methods, tools) to 

develop and validate the building blocks 
– Develop automated model composition capabilities to support 

rapid development of SD models 
– Develop an experiential learning environment to support the 

use of the developed tools 
– Develop learning assessment techniques to evaluate the 

achieved learning outcomes  
– Reflect on the implementation of the proposed methodology 

to inform new case studies 
 





Simulation Models 

Technical features 

Java 

          Domain Library Computational 
utilities 

Human or 
software 
agents 

Domain library 

Repository 

Workspace 

‘Plug-in’ 
components 

AnyLogic 

JAVA 



Functional decomposition 

Review of existing SD 
models in SCM 

• Function 
• Input 
• Output 
• Structure 
• Assumptions 
• Companion patterns 

Catalogue of structure 
patterns 

• No guarantee that these building blocks can be composed 
back into a meaningful and valid model, we need an 
architecture (see next slide for a preliminary attempt) 



Systems dynamics models for SCM: structure patterns 





Preliminary experimental design 
• Evaluation Questions 

– To what extent does a ‘learning by design’ approach help in the 
design and management of complex systems engineering 
projects? 

• What are the learning effects at individual (e.g. cognitive load) 
and group levels (e.g. group interaction)?  

– How to promote effective use of learning by design’ approach help 
in the design and management of complex systems engineering 
projects? 

• What are the factors that influence user’s acceptance and trust 
in the reusable artefacts?  

 



Requirements How achieved? 

Access to domain specific building blocks • Anylogic library 

Mechanism to assemble blocks in a 
meaningful way 

• Anylogic Interactive Learning Environment 

Mechanism for reflection (linking structure-
behaviour-function) 

• Design diary  
what is your design idea (structure), what are you trying to 
do (rationale), Predict what may happen (predicted 
behaviour), What is the outcomes (observed behaviour) , 
how does this satisfy the system requirements (function) 

Mechanism for evaluating learning effects Design of an experiment informed by theory on learning 
Data collection/analysis (post-pre surveys, and cognitive 
load) 



1. Design Challenge 
 
 Problem statement: You are working as a consultant for electronics company PEAR. Your task is to 

design a supply chain (configuration and operational policy) that enables PEAR to satisfy the following 
requirements:  
1. Production matches demand over x period 
2. Inventory cost is less than $Y  
Your final report should include: 
• A suggestion for supply chain design, and explanation of why do you think this design achieves PEAR 

requirements 
• A suggestion for an ordering policy, and explanation of why do you think this design achieves PEAR 

requirements 

2. Pre-test questionnaire to collect data on their perceptions of the 
relationship between structure and behaviour. 

 
 

3. ‘Messing about’ time to explore the tool 
 
 
4. Data collection: Experiment+ Design diary + Final report 
 

Orders Shipments 

5. Analyse data to answer the evaluation questions 
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