
INTERNATIONAL CONFERENCE ON ENGINEERING DESIGN 
ICED99 MUNICH, AUGUST 24-26, 1999 

 
MODELLING THE NEW PRODUCT/SERVICE INTRODUCTION 

PROCESS: A SYSTEM DYNAMICS APPROACH 

 
A Antonaras, P J Deasley - Cranfield University, UK, G M Giaglis - Brunel University, UK 

 
Keywords: NP/SI, Product Development, Modelling, System Dynamics 

 
1 Introduction 
 
The aim of this paper is to report on the use of a specific business process modelling 
technique, namely System Dynamics, in order to model the generic structure of the New 
Product/Service Introduction(NP/SI) process in organisations. System Dynamics is a 
simulation technique that is especially suited for modelling and analysing the behavioural 
aspects of a system, i.e. the way that the system elements interact with and influence each 
other to generate overall system behaviour. In terms of the NP/SI process, such an analysis 
can reveal positive or negative feedback loops in the process, thereby allowing managers to 
understand the likely impact of ‘local’ changes on overall process cost, time, and perceived 
quality. 

 
2 The New Product / Service Introduction Process 
 
The development and marketing of new products and services are amongst the most powerful 
weapons that organisations can use in order to survive and prosper under turbulent market 
conditions. The successful introduction of a new product or service can assist an organisation 
to remain competitive by being able to sufficiently address the continuously changing market 
requirements. Therefore, the process of NP/SI constitutes a crucial activity for every 
organisation. 
 
Numerous studies have investigated why some new products and/or services succeed, while 
others fail. These studies have proved extremely valuable in that they have identified myriad 
success factors at the project level. What is missing in this analysis, however, is a broader or 
more macro view of the determinants of success. That is, we must move from the micro, or 
project level of analysis, to the company or macro level [1]. 
 
Despite the importance of the NP/SI process and the subsequent attention it has received by 
researchers and managers alike, relatively little attention has to date been paid on developing 
comprehensive models of the process itself to support understanding, analysis, and decision 
making. Such models can be a useful means of studying the dynamics of the process and 
identifying the factors that influence the overall process effectiveness (measured in terms of 
cost, time, and quality metrics). Prior to any process improvement activity, the NP/SI process, 
and in general any process, need to be understood, described and analysed. Perhaps the 
easiest, fastest and best way for achieving this is by using business process modelling.  



 
3 Business Process Modelling and System Dynamics 
 
Any business can be viewed as a collection of processes. These processes change as 
organisations evolve over time in response to their business environments. To keep ahead of 
the market competition, new ideas and change of business tactics have to be achieved quickly 
and efficiently. Process modelling has evolved as a technology for describing processes such 
that they may be understood and evolved with greater ease, and increase organisational 
visibility [2]. 
 
Modelling is an abstraction of reality. Abstraction means limiting the view of reality to 
consider only those aspects of a situation that are of interest. Modelling of any system may be 
advantageous, as it enables knowledge to be consolidated and understanding to be gained. 
Coherent representations, models, or analytic frameworks, which exist in the conceptual 
world, without assuming that these models are in fact descriptions of empirical reality [3]. 
 
Within process modelling there exist many methods and notations which may be used in order 
to describe the process under examination. These methods range from formal (mathematical) 
notations, to more graphical (easier to understand) notations. Each of these kinds of notations 
has its advantages and problems. Typically formal notations, may be executed on a computer 
and run (as programs) to study in detail the behaviour of processes. However, the main 
problem with such notations, is that they are difficult to present to anyone other than an 
expert. Hence, it is difficult to validate process scenarios with users. In contrast, diagrammatic 
or graphical notations are excellent for process elicitation and presentation, since they may be 
understood with relative ease in a short space of time. However, they do not provide the 
benefits of rigorous process experimentation that can be gained with enactable notations [2]. 
 
Modelling tools should be capable of capturing the high-level processes and the context of the 
business within its market place. A properly chosen process modelling tool should satisfy the 
following criteria [4]: 
 It should be easy to use at a high-level; 
 It should be applicable to the portrayal and analysis of the new process, enabling new and 

old processes to be compared in the same formats and perhaps even driven by the same set 
of simulation variables; 

 It should provide not only a descriptive, but also an analytical, model of the process, 
facilitating an understanding of such factors as time, cost, and other resources consumed 
by the process; and 

 It should support the addition of successive levels of systems and data-oriented detail, 
enabling it ultimately (and seamlessly) to serve a useful purpose during the systems design 
and/or prototyping stages. 

 
For the purposes of modelling the NP/SI process in this research, the System Dynamics 
modelling technique was chosen as it satisfies all the aforementioned criteria and it is widely 
acknowledged as one of the most effective techniques for modelling the ‘strategic’ behaviour 
of dynamic systems. 
 
System Dynamics was originally developed during the 1950s at MIT [5] as a set of tools for 
relating the structure of complex managerial systems to their performance over time, via the 
use of simulation. System Dynamics is primarily based on ideas of feedback and control, such 
as encountered in electrical and mechanical control systems.  



 
Diagrammatic representations of systems dynamics models are based on cause and effect 
diagrams (known as causal loop or influence diagrams) and pipe diagrams. The purpose of 
these diagrams is to allow mental models about system structure and strategies to be made 
explicit. The word ‘structure’ here is taken to imply the information feedback structure of the 
system, and hence system dynamics models are often described as taking a feedback 
perspective of a situation [6]. The underlying premise is that the feedback structure of a 
system is a direct determinant of its behaviour. Figure 1 illustrates typical examples of 
notational conventions used in pipe diagrams. 
  

STOCKS: Represent physical(cash, inventory) or non-physical(skills, morale) accumulations

FLOWS: Represent activities that transform the status of stocks

CONVERTERS: Generate output values for each time period

CONNECTORS: Transmit information and inputs that are used to regulate flows  
Figure 1. System Dynamics Notation (Pipe Diagram) 
 
An extensive study was carried out, evaluating the available to the market software packages 
for simulation modelling. The selection process was based on three criteria: the capability of 
the s/w package to perform the activities decided to be necessary for the research, the cost of 
the s/w package and the user friendliness of the package. Among the identified software 
packages, iThink of Cognitus was chosen. iThink is a powerful simulation tool, designed to 
improve performance, profitability and organisational learning. iThink gives the ability to 
quickly build sophisticated dynamic models of business process and also simulate these 
processes using a simple 3-step progression (process mapping, process modelling, and process 
simulation). 

 
4 The NP/SI Process Model 
 
A previous work at Cranfield University by Dr Rooney and A. Peters [7] resulted in the 
development of a model for New Product Design and Development (NPDD). The NPDD 
model was the result of the identification and analysis of industry best practices. None of the 
models presented within the literature seem to be truly generic, that is, applicable to the New 
Product/Service Introduction process in any company. The aim of generic model is to give an 
overview of the New Product/Service Introduction process that will be relevant to any 
company. The NPDD model has been derived from experience over a number of years from a 
wide range of businesses and market sectors in the United Kingdom. The model is illustrated 
in Figure 2, while the main stages of the model are discussed in the following paragraphs. 
 



 
Figure 2. The NPDD Model 
 
Idea: This is the phase in which a business opportunity is identified, and evaluated with 
respect to the general requirements of the company. Obviously, after the generation stage 
successful ideas should be screened to evaluate their potential success in the market place, and 
the ability of, and cost to the organisation to produce them. 
 
Concept: Product concept is the conversion of the business opportunity into some viable 
solutions that will fulfil all internal and external requirements. Within this phase the business 
opportunity is evaluated in detail, to determine the detailed requirements of the proposed 
product. Exploration of the requirements should encompass all aspects of the proposed idea, 
different possible solutions, and necessary activities that will support its production. 
 
Design: The aim of this phase is to determine the exact parameters of the product to fit the 
detailed performance requirements. Design engineers take the performance specifications and 
translate them into technical specifications by carrying out design competitive benchmarking, 
by identifying critical parameters and tolerances, and by preparing detailed part/pieces 
designs. During the design phase a number of quality tools and techniques (QFD, FMEA, 
FTA, and Taguchi Methods) can be used to ensure best possible outcome. 
 
Pre-production Validation: In order to ensure the smooth transition of the detailed design, to 
that of the end product, account should be taken of the way in which the product is to be 
produced. In other words this is the stage where design mistakes are corrected and the 
production capability is developed. 
 
Production/Distribution: This phase pertains to the physical manufacture of the product, as 
well as its subsequent release onto the market and its delivery to the market/customers. The 
stage of production and distribution can be seen as a set of sub-stages that take the final 
detailed design of the product and through manufacture, assemble, storage, and distribution 
the final product is produced and delivered to the customer. 
 
Post-Company: This stage is concerned with the study of the product outside the company 
environs. The progress of the product after it has left the company is vitally important. By 
monitoring the progress issues arising from the complaints, positive feedback, sales, aftercare 
enquiries, use, lost customer analysis and disposal, may identify some crucial new ideas for 
improving the product itself or even for new products.  



 
5 Modelling the New Product / Service Introduction Process 
 
The System Dynamics modelling technique was used to transform the generic NPDD model 
illustrated in Figure 2 into a computer-based model that could be dynamically run and 
analysed. The main aims of this modelling endeavour were to gain additional insight into the 
dynamics of the generic NP/SI process, and to identify ‘hidden’ or difficult to establish inter-
relationships between the various activities which constitute the whole process. The ultimate 
objective is to use customised versions of this model in order to measure the effectiveness of 
specific instances of the NP/SI process in particular organisations, and to guide (in an 
informed manner) managerial decision-making with reference to the optimal arrangement of 
activities and use of quality tools and techniques within the NP/SI process. 
 
Figure 3 illustrates a small part of the overall NP/SI model developed. This part depicts stage 
four of the NPDD model (pre-production validation). Products or services pass through 
different ‘states’ (for example, from Prototype A to Prototype B) according to different rates, 
which are regulated by the connecting ‘flows’ (for example, the ‘debug prototype’ time). The 
values of flows themselves are determined by the ‘converters’ (for example, the number of 
hours spent in debugging), which determine the rate of flow of new products/services through 
the NP/SI process. 
 

Prototype A Prototype BDebug Prototype

  Prototype C

System Verification Test (SVT) Progress Check

  Correct Design Mistakes

Production Capability

Develop Production
        Capability

Avg Mhr Rate

No of employees involved in Debuging Prototype

No of hours spend in Debuging Prototype

Quality Factor Debuging Prototype    No of employees involved in SVT

   No of hours spend in SVT

   Quality Factor SVT  
Figure 3. Modelling the NP/SI Process using iThink (Pre-production validation stage) 
 
By quantifying the relationships implied by the links in the System Dynamics model, it is 
possible to simulate the model and gain quantitative information on model dynamics. For 
example, modellers and decision-makers can experiment with different options for arranging 
activities or for using different quality tools and techniques, and assess (in real-time) the 
effects of their decisions on the overall NP/SI process. The Key Performance Indicators that 
can be measured through this process are Time (the duration of the whole NP/SI process or of 
the individual stages it consists of), Cost (depending on the cost drivers as determined by each 
particular company), and Quality. 
 
For example, one can experiment with different options regarding the number of employees 
and the number of hours spent on debugging a product prototype (to use the example of 
Figure 3), and evaluate the best balance between additional costs (due to time and manpower 
spent in debugging) and increased quality of the final product. It should, however, be noted 
that in order for the System Dynamics model to be used in such a quantitative fashion, a 



significant amount of data should be collected, analysed, and used within the model. Since 
this data has to come from particular organisational settings, it is not possible to quantitatively 
simulate the model in a generic case (i.e. for every company). The generic model can be used 
for qualitative evaluation of the NP/SI process, as well as a baseline for the development of 
‘customised’ models for individual organisations. 

 
6. Conclusion 
 
The generic NP/SI model presented in this paper can provide a ‘benchmark’ for evaluating the 
behaviour and performance of individual NP/SI process arrangements. In other words, 
organisations can use the results of the modelling process to compare their own NP/SI 
activities with that of the generic model. Such a comparison can reveal potential factors that 
inhibit the efficiency of the process and hence be useful tools for change initiation and process 
improvement. Furthermore, new process designs can be tested prior to implementation, 
providing managers with a ‘laboratory’ situation where they can generate and experiment 
with ideas for process improvement without bearing the cost of applying them in the 
organisational workplace. 
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