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Abstract. Systems Engineering has to solve increasingly complex problems through the 

implementation of solution systems. Solving contemporary complex problems requires 

Systems Thinking to address the emergent and evolutionary behavior. System Dynamics, 

Cognitive Work Analysis and Systems Engineering all have their roots in the systems approach 

and Systems Thinking, albeit with a different focus. Integrating System Dynamics and 

Cognitive Work Analysis through Model Based Systems Engineering process provides an 

approach to model complex sociotechnical systems. This paper describes and demonstrates an 

integrated multimethod modelling approach with these methodologies. The modelling 

approach should assist in addressing Systems Engineering’s three evils; complexity, 

understanding and communication. 

Introduction 

The systems approach aims to support understanding the part of a system in context of the 

whole, while it is interacting with and adapting to the environment. This leads to the concept of 

Systems Thinking, which has evolved as the modelling of systems behavior (Hitchins 2008). 

Checkland (1990) defines Systems Thinking as investigating the emergence, hierarchy, 

communication and control as characteristics of systems.  

According to Stensson (2010) Systems Engineering has its roots in Systems Thinking to solve 

problems by bringing systems into being. It applies interdisciplinary activities in support of 

design and development of a useful system to solve a perceived problem. Top-down and 

bottom-up analysis should be implemented to view the system as a whole, progressively 

breaking it down and to integrate synthesized components for the desired system properties 

(Meadows 2008, McLucas and Ryan 2005).  

Holt & Perry (2008) warns that Systems Engineering is becoming difficult as it increasingly 

suffers the three evils of complexity, communication, and understanding. The complex 

problems to be solved are ill-defined, with a wider impact that may result in serious side effects. 

Engineering of these complex systems has to address the emergent and evolutionary behavior 

in systems and the environment. This requires a renewed focus on Systems Thinking (Walden 

et al. 2015, Sheard & Mostashari 2009). 

Systems Thinking focusses on an outward analysis of the problem in support of the inwards 

focus on developing the solution system. System elements should be understood and 

conceptualized as a part of the larger whole. However, modelling and quantification of 

structure and behavior at this high level is hard (Hitchins 2008, Kasser and Mackley 2008).  



 

Sterman (2000) asserts that System Dynamics provides a qualitative and quantitative modelling 

technique to support visualization and simulation of dynamic system behavior at high levels of 

abstraction. System Dynamics modelling is able to capture the softer qualitative as well as 

harder quantitative system characteristics of a problem situation. It provides an approach that is 

useful to solve non-linear, complex, time delay and feedback problems. However, it is not easy 

to integrate System Dynamics modelling with Systems Engineering approaches (Chang and Tu 

2005, Kasperek 2014).  

However, Brezinski (1999) noted the similarities between System Dynamics, and Systems 

Engineering, despite being applicable to different problem spaces. However, a multimethod 

modelling approach, which integrates of these concepts, is required to assist in solving complex 

problems (McLucas and Ryan 2005).  

The authors have previously published a modelling methodology for Sociotechnical Systems 

(STS) that integrates Cognitive Work Analysis (CWA) and System Dynamics using a Design 

Science Research approach (Oosthuizen and Pretorius 2014). This methodology was based on 

an ad hoc modelling methodology without a proper supporting tool. This paper will update the 

modelling methodology using Model-based Systems Engineering (MBSE) based on the 

Systems Modelling Language (SysML) as the “glue” to model the CWA artefacts and assist in 

developing the System Dynamics models. 

MBSE is a modern Systems Engineering approach to address the increasingly complex 

problems experienced in the industry. The purpose of modelling in Systems Engineering is to 

gain insight into complex systems and ideas to other stakeholders. It focuses on application of 

models, instead of a document-based text, for specifying, designing, integrating, validating, and 

operating a system (Walden et al. 2015, Hitchins 2008).  

The research in this paper is an inductive literature analysis of MBSE and System Dynamics 

modelling to identify commonalities in modelling views. The aim is to define SysML 

constructs that support System Dynamics modelling. The paper will first describe Systems 

Engineering, with a focus on implementing MBSE. This is followed by the methodology based 

on Design Science Research which combines the two approaches to model complex STS. This 

is followed by a brief overview of CWA and System Dynamics. The paper concludes by 

demonstrating how SysML constructs can be applied to implement the modelling methodology. 

Systems Engineering 

Systems Engineering Process 

Hitchins (2008) defines Systems Engineering as “… the art and science of creating whole 

solutions to complex problems …”. The objective of Systems Engineering is to solve problems 

by bringing systems into being through the application of Systems Thinking. It consists of 

interdisciplinary activities required to support the design and development of a useful system 

that creatively exploit energy, materials and information within organized systems of humans, 

machines and the environment (Stensson 2010).  

The Systems Engineering process has to ensure that the stakeholders’ needs are met in a 

cost-effective and timely manner. The process elicits and distils the needs of stakeholders along 

with the characteristics of the environment to define requirements and develop concepts. The 

functionality of the system is derived from interactions of the system with its operating 

environment and users (Walden et al. 2015).  

Holt & Perry (2008) list the three evils of Systems Engineering as complexity, communication, 

and understanding. System complexity depends on the number of system elements and their 

interaction. Problems faced today can be ill-defined, with a wider impact, which may result in 

serious socioeconomic complexities and other environmental effects. Such problems may 

include climate change, natural hazards, healthcare, international drug trafficking, nuclear 



 

weapons, nuclear energy, waste and social injustice important. An improper understanding of 

the problem and user needs leads to inaccurate requirements and the improper application of 

Systems Engineering. Communication problems between engineers and the stakeholders lead 

to inaccurate interpretations of requirements. 

Sheard and Mostashari (2009) warn that the Systems Engineering approach requires a focus 

wider than only the technical aspects when addressing complex systems. This includes the 

context in which the system is to be engineered, developed, acquired and operated. Emergent 

system behavior cannot be understood by analyzing behavior of its elements in isolation. The 

elements that cause complexity should be identified in order to be managed and utilized 

(Walden et al. 2015).  

Articulating and capturing a complex problem with a model or framework remains a challenge. 

Cloutier (2015) maintains that Systems Thinking is key to successful Systems Engineering 

through a multi-scale analysis with the support of modelling tools and methods to comprehend 

the “big picture” and appreciate the multiple perspectives and stakeholder objectives. A balance 

needs to be established between process (being systematic) and the application of Systems 

Thinking (being systemic).  

Model-Based Systems Engineering 

Wells (2011) agrees that modelling helps to manage the three evils of Systems Engineering and 

simplify understanding of complex systems. Ramos et al. (2012) defines a model as an explicit 

and incomplete representation or idealized abstraction of reality to aid its description and 

understanding. Models provide a visual representation of complex structures and processes for 

analyses and interpretation. Humans also use models to understand the implications of different 

solutions and communicate ideas to other stakeholders (Hitchins 2008).  

MBSE is a modern approach to design and development of systems through application of 

models, instead of a document-based text, for specifying, designing, integrating, validating, and 

operating a system. The MBSE employs software modelling tools and formal languages to 

develop models. Various forms of models and constructs can be used to capture and represent 

the information and knowledge on problems (Walden et al. 2015).  

In Systems Engineering, conceptual models describe selected aspects of the structure, behavior, 

operation and operational environment characteristics. Models are used to abstract complex 

systems to develop an architecture and generate data for analysis (Ramos et al. 2010, Walden et 

al. 2015). Modelling requires multiple views of the system for understanding, calculations and 

predictions concerning the system (Davis 2004).  

MBSE utilizes standard modelling languages such as SysML or Unified Modelling Language 

(UML). SysML is a methodology and tool-independent language for modelling complex 

systems through diagrams on behavior, structure, requirements, relationships, and capabilities 

in various consistent viewpoints. The different views of the system may be organized in an 

architecture framework, to structure the model and analyze the system at different levels. The 

language utilizes a graphical notation, enhanced with relevant parameters, attributes and 

qualifying information (Wells 2011, Friedenthal et al. 2012).  

Structural diagrams represent the physical parts of a situation with their logical relationships. 

Behavioral diagrams represent the parts of a situation and their causal interactions. The 

requirements views specify desired and undesired structural and behavioral properties with 

traceability to the system models. System requirements are captured in use case diagrams, 

requirements diagrams, and requirements tables. Parametric views provide the critical 

engineering parameters of the system for evaluating performance, reliability and physical 

characteristics required for trade-off analyses (Hause 2014).  

Simulations address system functions and structure in defined scenarios to better understand the 

system through hypotheses testing. It supports learning about a real system through new or 



 

unknown situations even though limited information is available. The model's performance 

under known conditions is compared with the performance of the real system for validation 

(Walden et al. 2015). However, modelling and simulation does have limits. Modelling of a 

complex and sociotechnical systems is difficult as it has to present the structure and behavior of 

human work in the system. Behavior is caused by dynamic interaction between the humans, 

operators, system elements and the environment. It is impossible to capture every reality with 

models, as the models’ utility will diminish. Abstraction also requires making assumptions, 

which may cause incorrect solutions (Oosthuizen and Pretorius 2014). 

Modelling Methodology for Complex Sociotechnical Systems  

Modelling Methodology 

Oosthuizen and Pretorius (2014) developed and demonstrated a modelling methodology for 

complex STS based on the Design Science Research (DSR) framework that integrated CWA 

and System Dynamics, as seen in Figure 1. The two basic activities in DSR are designing a 

novel and useful artefact for a specific purpose as well as evaluating its utility (March & Smith, 

1995). CWA and System Dynamics are two fundamentally different methodologies, which are 

integrated to support modelling and learning as part of the design phase in the Systems 

Engineering process. 

 

Function or Purpose of 
System

Gather Information & Review Existing 
Solutions, Work, Process, Human 

Contribution, Environment Constraints

Plan Experiment 
and Predict 

Results

Analyse and 
Interpret Data

Context

Perform 
Experiment and 

Collect Data

Cognitive 
Work Analysis

System
Dynamics

Concept 
System 
Models

System 
Behaviour 
Simulation

Identify and Define 
Problem

Causal Loop 
Diagrams

Stocks and 
Flows

Learning

Demonstrate Artefact 
in Context Ability
to Solve Problem
(Simulation)

Design and 
Develop Artefact

Evaluation to Determine Ability of the Artefact Solve the Problem 
(Experimentation)

Conclusion and 
Communication of Results

Define Objectives and 
Contribution of the

 Solution Artefact

Exploratory Focus 
Group

Confirmatory 
Focus Group

Update Concept 
System Models

 

Figure 1: Modelling Methodology for Complex Sociotechnical Systems 

 

The theory on STS, as developed by Trist (1981), provides a framework for modelling and 

analysis of complex systems. The concept of a “Sociotechnical” system addresses the 

interaction between “social” humans and “technical” systems. In a STS, people perform 



 

purposeful work with technological artefacts within organizations to achieve an objective. 

Technological artefacts consist of the tools, devices, and techniques to transform inputs into 

outputs for economic gain. The social subsystem addresses structure of an organization with 

authority structures, reward systems, knowledge, skills, attitudes, values, and needs (Bostrom 

& Heinen 1977). The social and technical interaction can be non-linear as a result of 

unexpected, uncontrolled, and unpredictable complex relationships, which include being an 

open system operating in a complex environment. A complex system has elements with 

non-linear interactions (including feedback loops with delays) that cause non-deterministic, 

emergent, and unexpected behavior. 

The first step in the modelling methodology is to identify and define the problem to be solved. 

This includes stating the dynamic hypothesis of the cause and effect of the perceived problem 

situation to provide focus and direction for the modelling effort. The next step assembles the 

available information from stakeholders. CWA helps to identify the components, interactions 

with cognitive and social requirements for the system from an ecological perspective 

(Dhukaram and Baber 2016, Oosthuizen & Pretorius, 2014). 

Naikar et al. (2006) point out that a top-down analysis identifies the goals and purposes of the 

STS, which are integrated with a bottom-up view of available physical resources to achieve the 

purposes of the system. The output of the second step is a set of constructs to support the 

development of modelling artefacts in the third step. The artefacts consist of a model describing 

the structure and behavior of the problem and solution space through integrated views.  

The next step is to demonstrate the models through System Dynamics simulations. Sterman 

(2000) noted that dynamics observed over a long time leads to dynamic patterns of system 

behavior that support learning about the underlying structure and other latent behaviors. The 

System Dynamics simulation outputs provide a visual representation of expected and 

counterintuitive behavior of the system and the environment to the stakeholders. This may lead 

to revisit the definition of the problem or an update to the models. 

Oosthuizen and Pretorius (2014) initially developed this methodology without a recognized 

modelling approach for the conceptual system models. The only view used was a loosely 

defined “functional flow diagram”. The advent of MBSE provides a new opportunity to 

reinvestigate this, especially as part of developing models through integration of tools used in 

the Systems Engineering processes (Chavy-Macdonald et al. 2018). 

The contribution of his paper is to propose the implementation of SysML to transform the CWA 

information into System Dynamics models. This can be seen as part of MBSE implemented 

with a data centric tool. SysML has many benefits over ad hoc modelling tools (Microsoft’s 

Visio, PowerPoint, pen and paper etc.). However, current MBSE models do not support 

analysis of the dynamic impact of the solution on the problem situation or environment.  

 

Cognitive Work Analysis 

Rasmussen et al. (1994) declared that CWA provides a formative and constraint-based 

framework that analyzes complex STS to uncover requirements, constraints, and implied 

affordances in the work environment. The theoretical roots of CWA are in Systems Thinking, 

Adaptive Control Systems and Ecological Psychology. The CWA approach has been applied in 

systems analysis, modelling, design, and evaluation of complex STS, which include command 

and control, aviation, health care and road transport (Jenkins et al 2009, Lintern 2012).  

Lintern (2012) defined “work” as an activity aimed at accomplishing something useful with a 

purpose, values and success criteria. CWA enables mapping of the system’s affordances; what 

the system is composed of and what the system can do. This leads to defining the system users’ 

goal structures and knowledge (Naikar et al 2006). Although CWA include many phases, only 

the Work Domain Analysis (WDA) is applied in this modelling approach.  



 

The WDA elicits and presents information on the system to understand its purpose, functional 

structure and the work environment. All possible behaviors that the system affords are mapped 

to the available physical elements. The goals and purposes of the system are defined in a 

top-down approach using means-end relationship. This is integrated with a bottom-up view of 

available physical resources for the human operators to achieve the purposes of the system 

(Naikar et al 2006, Manganelli 2013). 

Vicente (1999) highlighted that the WDA is useful where technical systems, the environment 

and people interact dynamically, resulting in many possible instantiations. This analysis uses an 

Abstraction Decomposition Space (ADS) to model the work domain, by identifying system 

elements in the following level (Wells 2011): 

System Purpose.  This provides the reason why this specific system is being developed. 

Values and Priorities.  The reasoning process requires performance measures, principles, 

standards, or qualities, to be maintained while executing the process.  

General Functions.  This level provides the domain or general functions required to execute 

the work in satisfaction of the system purpose. These functions must be performed 

independently of the physical elements utilized.  

Physical Functions.  The physical functions are implemented through activating or using the 

physical objects. 

Source Objects.  These are the physical elements present in the work domain available to 

perform the work. 

The top three levels of the hierarchy address the functional domain and are independent of the 

technology used in the system. The bottom two levels consist of the physical objects and the 

functions they perform in the system. Each level independently provides a complete description 

of the work.  

 

System Dynamics 

System Dynamics is a visual and mathematical modelling technique to study the dynamic 

behavior of systems due to feedback and delays using simulation at high levels of abstraction. 

This iterative and interdisciplinary approach views problems holistically to identify the 

counterintuitive behavior of the system due to policy based decisions. The System Dynamics 

process develops qualitative influence models to support quantitative simulation models 

(Kasperek 2014, Meadows 2008). 

Sterman (2000) asserted that mental models of problems and systems tend to be dynamically 

deficient as they omit feedbacks, time delays, accumulations and non-linearities. Simulation is 

a practical way of testing mental models. Simulations require dynamics models built upon 

algebraic relationships. The soft variables ultimately become a hard (quantitative) 

representation of a particular problem expressed in precise mathematical way. Behavior 

observed over a long time leads to dynamic patterns of system behavior that support learning 

about the underlying structure and other latent behaviors (Meadows 2008). 

A Causal Loop Diagram (CLD) represents the feedback structure of the dynamic system 

through capturing a hypothesis from stakeholder mental models on its dynamics and causes. 

CLDs consist of variables (selected nouns representing system properties) being connected by 

arrows to show the causal influences and relationships. CLDs represent interdependencies and 

feedback processes to capture the mental models of stakeholders (Chang and Tu 2005). 

CLDs are influence diagrams that provide a simple way of showing how the parts of a system 

interrelate. Feedback systems have a closed loop structure containing balancing (or negative) 

and reinforcing (or positive) feedback loops. Sterman (2000) reminds us that it is important to 

identify the delays in each loop, as they are critical in creating inertia and dynamics. Feedback 



 

in a system is one of the main causes of the complexity due to interactions between the agents or 

components over time.  

System structure is the source of behavior, and consists of interlocking stocks, flows, and 

feedback loops. The Stock and Flow Diagram (SFD) shows the system structure with a richer 

visual language than CLD to distinguish between the parts of the system and the variables that 

causes them to change. Stock and flow variables are defined by a set of differential equations 

that can be solved to obtain the complex behavior of a system over time (Sterman 2000). 

The boundary of the system under consideration is represented by clouds, which can be sources 

and sinks. Stocks indicate the state of the system as accumulations of resources through 

integrals of the inflow and outflow. They are things of importance in the system that can be 

measured. Stocks change over time through flows of elements through the system, and serve as 

the inertia and memory of the system (Sterman 2000). 

Flows are the rates or derivatives of the net changes in stock. Changes in stock may also affect 

the flows through feedback loops. Feedback is the result of a causal connection between the 

stock and the flow. Feedback provides the effect of information on the system through applied 

decision rules, which are dependent on the stock levels to influence the flows (Brezinski 1999). 

The behavior of a system is defined over time in terms of growth, decline, oscillation, 

randomness and evolution. Stabilizing or balancing loops allows for the maintenance of an 

acceptable level (equilibrium) of stocks, by opposing the direction of change in the system. 

However, feedback can fail due to delays in information or incomplete and hard-to-interpret 

information (Meadows 2008, Sterman 2000). 

Role of System Dynamics in Systems Engineering 

Systems Engineering and System Dynamics has the same origins. However, Systems 

Engineering focuses on engineering problems and technical systems with hard variables while 

System Dynamics is more applicable to STS involving soft variables. System Dynamics 

models support framing, discussing and understanding complex issues and problems in a wide 

range of social and technical systems. Schwaninger and Ríos (2008) also noted that System 

Dynamics needs to be complemented with other methodologies. Synergy between System 

Dynamics and Systems Engineering can be identified as the following (Oosthuizen and 

Pretorius 2018, McLucas and Ryan 2005):  

 System Dynamics provides a different view than Systems Engineering to assist in dealing 

with complex problems.  

 System Dynamics is based on Systems Thinking with a holistic view of the problem and 

solution space that support modelling of the system at different system abstraction.  

 The System Dynamics process is capable of capturing underlying assumptions and 

non-linear relationships in quantifiable “hard” and qualitative “soft” data.  

 System Dynamics simulations with mathematical models of the systems’ structure enable 

visualization of complex dynamic patterns of behavior and emergent properties over 

time. 

 System Dynamics explores paths into the future for design and operation decisions, 

including the robustness and vulnerabilities of policies and strategies. 

 The System Dynamics models may also be used to interact with stakeholders to ensure 

the problem and its implications are correctly understood. 



 

Improved Modelling Methodology for Complex Sociotechnical 

Systems 

Model Based Systems Engineering for Complex Sociotechnical Systems 

Hitchins (2008) stressed that a systemic approach must be followed to construct system models 

to guide questions during the design process. It encapsulates Systems Thinking in terms of 

boundaries, flows, relationships, feedback loops, and patterns between a system and its 

environment. This approach provides a way for designers to synthesize new emergent wholes 

instead of deconstructing those.  

Implementing the modelling approach discussed above (Figure 1) through a formalized MBSE 

tool and process will improve modelling and analysis of Complex STS. Wells (2011) noted that 

data centric based software SysML tools enable reusing, data forwarding, relationships and 

traceability between diagrams in different views. This implies that changes in one diagram may 

be fed through to linked diagrams and subsequent phases. 

SysML modelling tools and diagrams focus on how to model the components, relationships, 

and interactions in systems. But, currently SysML diagrams do not fully support analysis of the 

system affordances, user goal structures, and use strategies for the system of interest. 

Manganelli (2013) proposed applying SysML in the first three phases of the CWA framework. 

CWA support conceptualization and design of architecture models which can be mapped onto 

SysML. Also, these integrated techniques check and validate each other as well as bridge 

design and implementation (Dhukaram and Baber 2016).  

Chang and Tu (2005) defined similarities in application of System Dynamics modelling and 

UML. Since then, SysML was developed. However, transforming SysML diagrams into 

System Dynamics models is not easy at this time. For example, SFDs are synchronous and 

sequencing diagrams are asynchronous, making it is difficult to decide which attributes or 

operations should be first in SFD sequencing. Sequencing diagrams do not have time delays, 

which are important to SFDs (Chang and Tu 2005). 

The remainder of this section will describe how to implement MBSE through SysML to 

provide the “glue” between CWA and System Dynamics to enable the modelling approach for 

complex STS. The characteristics of SysML elements and diagrams are compared to the CWA 

and System Dynamics methodologies to establish the mapping. 

Mapping System Modelling Language to Cognitive Work Analysis 

The modelling methodology is demonstrated through an STS system example of a Command 

and Control system for Anti-Poaching Operations as previously published by the authors 

(Oosthuizen & Pretorius 2015). The WDA phase with the ADS decomposes the system from 

general functions to its physical form. The ADS structurally and logically map to SysML's 

structural diagrams. Structure analysis consists of system decomposition and behavior 

allocation. As seen in Figure 2, the SysML elements applicable in this phase include blocks, 

activities, use cases, properties (parts) and constraints. These elements may also be depicted in 

standard MBSE views, but the ADS helps in identification of the relationships between the 

views. 

SysML stereotypes can be applied the different layers of abstraction in the ADS. “Constraint” 

blocks provide the purpose of the system. Values and Priority Measures can be modelled using 

“Property” or “Part” stereotypes. These can be related to the Measures or Effectiveness and 

other constraints for trade-off analysis. The General functions are the Use Cases for the whole 

system; what the system will be used for by the actors. Physical Functions are depicted by 

Activities and the Physical elements by “Blocks”. 

 



 

 

Figure 2: Work Domain analysis Using SysML 



 

The SysML elements used in the ADS will form the foundation for modelling other views as 

part of the remaining CWA phases if required. The output of this phase consists of conceptual 

(logical) structure and behavior models of the STS, as seen in Figure 3 and Figure 4. These are 

different views of the same information captured in the model. The elements identified in the 

ADS can support development of Use Case Diagrams to identify functional requirements. The 

use case relationships in Figure 3 can be derived from overlaps between the ADS levels. The 

ADS is also helpful in placing model elements at the correct level of abstraction. 

 

 
Figure 3: Use Case Diagram 

 

The Activity Diagram in Figure 4 provides the control flow between the system element 

functions. This will help to identify the required interfaces between the system elements. These 

two diagrams will assist in development of the System Dynamics models for simulation. The 

SysML diagrams should be captured in a suitable modelling tool that manages the elements 

with relationships as well as traceability between views. 



 

 
Figure 4: Activity Diagram 

 

Mapping System Dynamics to the Systems Modelling Language 

The next step in the STS modelling methodology is to generate System Dynamics models to 

simulate the dynamic behavior of the system and the environment. At this stage of the 

modelling approach, a number of views in SysML are derived from the CWA on the problem 

situation and the system of interest. Akbas (2015) observed that Use Case Diagrams support 

defining dynamic hypothesis, environment boundaries and system behavior through internal 

and external interactions for the System Dynamics modelling process (Chang and Tu 2005).  

Causal Loop Diagrams.  The Properties and Use Case from the ADS provide the variables in 

the CLD while the Activity Diagrams support identifying the links and loops between them 

through dependency relationships. As seen in Figure 5 a diagram, similar to a typical System 

Dynamics CLD, with multiple loops can be constructed, despite the dependency relationships 

being in the opposite direction. Note that dependency relationships are used, not item or 

information flows. 

Stock and Flow Diagrams.  Stock (level) characterizes the state of the system and provides the 

basis for actions which is similar to an Attribute in a SysML block, according to Chang and Tu 

(2005). The rate is the action to change the state of the level with time, which is similar to 

Operation of a SysML block as it presents the action which changes the state of system (Tignor 

2003). As seen in Figure 6 a diagram, similar to a typical System Dynamics SFD, with multiple 

loops can be constructed, despite the dependency relationships being in the opposite direction. 

Note the different relationships between the elements. Between the blocks (stocks) item flows 

are used and between the Properties (variables) dependencies are used. These affect the flows 

between the stocks. 



 

 
Figure 5: Causal Loop Diagram 

 

 
Figure 6: Stock and Flow Diagram 

 

These diagrams provide a transition to convert from SysML through MBSE tools into a suitable 

System Dynamics tool for simulation. Although CLDs and SFDs in this paper are not 

representative as those elements used in standard Systems Thinking and System Dynamics 



 

literature, these provide traceability to the views in MBSE. These views will assist in 

integrating System Dynamics into the Systems Engineering process. 

Conclusion 

Solving modern day complex problems requires Systems Thinking, which aims to understand 

the part of a system in the context of the whole, while interacting with and adapting to the 

environment to investigate emergence and other characteristics of systems. The behavior of a 

system cannot be determined by consideration of the parts in isolation.  

This paper describes a multimethod approach for MBSE to integrate CWA and System 

Dynamics to model complex STS during the design phase of the Systems Engineering process. 

Engineering of these complex systems has to address the emergent and evolutionary behavior 

in systems and the environment through Systems Thinking. The initial complex STS modelling 

approach from the authors provided the integration between CWA and System Dynamics, but 

lacked the formality of an integrative modelling language. 

The contribution of the WDA, as part of the CWA, to differentiate between the different levels 

of abstraction and decomposition of a multi layered system is quite clear. However, linking the 

SysML based models to System Dynamics still needs some work and verification. However, 

the modelling approach should assist in addressing the three evils of Systems Engineering. 

CWA and Systems engineering are based on Systems Thinking to help addressing the 

complexity of hard and soft variables in problems to be solved.  

The ability of System Dynamics to simulate systemic behavior based on structure helps 

stakeholders to better understand the problem situation and impact of the solution system. 

Models are also better to describe multilevel complex requirements and solutions than text 

based artefacts. Integrating the diverse approaches using a standard MBSE notation, such as 

SysML, assist in communicating concepts and solution architectures with the stakeholders and 

the solution implementers. 

Future Work 

Further research on transferring SysML models to System Dynamics is still required. The ideal 

would be an automated exchange of .XML files between the tools. Another aspect to be 

investigated is the feedback loop to implement lessons learnt from the System Dynamics 

simulations as part of the initial stages of the modelling methodology. 
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