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 NEW PRODUCT DESIGN: ORGANISING FOR INTEGRATION 
 
 
 Victor Paashuis & Harry Boer 
 University of Twente, School of Management Studies, The Netherlands 
 
 
 ABSTRACT 

The research reported here is part of a research programme called Concurrent Engineering 
Research Twente (ConcERT). Considering both the content (what is it?) and the process 
(how to achieve it?) of CE, ConcERT aims at developing a methodology for the design and 
implementation of CE solutions for a wide range of industries. The key to CE and, 
paradoxically, one of its biggest problem as well, is integration. This paper describes and 
discusses one of the first results, a framework to help companies to successfully organise 
and carry out the process of designing and implementing a suitable combination of 
integration mechanisms.                      

 
 
BACKGROUND AND PROBLEM 
 
Concurrent Engineering and the Product Creation Process 
This paper is about the Product Creation Process (PCP). In many companies, this process of designing, 
producing and marketing new products is carried out in a sequential way, with different functions 
working rather independently from each other. However, market demands have changed considerably 
over the past decades, and today’s competition is on variety and time-to-market, with price and quality 
continuing to play their ever-important role. Consequently, companies need to keep cutting cost and 
time throughout the whole value-adding process; and to keep increasing the flexibility, innovativeness 
and quality of their organisation, processes, resources and products at the same time. Since the 1970s 
several ‘action programmes’ have been tried to improve the capability of companies to meet all these 
demands simultaneously. Indeed, considerable advancements have been made in logistics, quality 
management and (flexible) manufacturing. More recently, also product design has been discovered as 
one of the areas in which further improvements could be made. 
    The search for new ways of organising the design process and integrating it with other business 
processes (marketing, manufacturing) has attracted a lot of attention in both industrial practice and 
academic research. And all kinds of concepts have been proposed under such fashionable terms as: 
Concurrent or Simultaneous Engineering; Integrated Product Development or Integrated Design and 
Engineering; Design for Manufacturing, Assembly, Logistics, Automation, or Excellence; and Life-
cycle Engineering. There are some differences but many more similarities between the various 
concepts. We prefer to use the term Concurrent Engineering (CE): a systematic approach towards the 
design of products and the way they are manufactured, assembled, stocked, transported, distributed and 
recycled which aims to optimise product designs in terms of both external demands (e.g. price, quality, 
delivery time, delivery reliability, range, recyclability) and internal demands (e.g. cost, lead time, 
manufacturability, assemblability) (adapted from [5]). 
 
The state-of-the-art-and-theory of Concurrent Engineering 
CE is one of the latest contributions to the purpose of increasing organisational flexibility. CE 
encompasses a wide range of strategic, process, technological and organisational integration 
mechanisms, aimed at closer collaboration, earlier and more frequent exchange of information between 
the functions involved in the design, manufacturing and marketing of new products, and possibly even a 
certain amount of overlap of the stages constituting this process [1, 7, 21, 30] (these categories will be 
explained and discussed in much more detail for intra-firm integration in a subsequent section of this 
paper; for integration with customers and suppliers see e.g. [29]).  
It has been claimed that CE (i) enables an as early as possible start of new product-related activities, (ii) 
reduces the need for re-design (first-time-right) and (iii) results in reduced costs, improved 
manufacturability, assemblability (and many other ...abilities), reduced design and manufacturing lead 
time, and other predominantly internal advantages related to the creation of new products. In turn, these 
advantages would (iv) contribute to external advantages such as improved quality, and reduced price, 
delivery time and, possibly even, time-to-market of new products [7, 11, 18, 24, 36].  
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PROBLEM 
One may wonder if all these claims are justified. We have some doubts: 
(i) many so-called new, integrating forms of organisation associated with CE are yesterday’s news, 

really [see e.g. 14], but thus far industry has picked them up only very hesitantly, partly due to 
unclarity of implementation guidelines (see iii). However, the recent breakthrough of self-managed 
teams, for example, suggests that the times are changing. 

(ii) many CE technologies are in their infancy; expensive; proprietary and, thus, of limited use; or do 
not, as yet, really support concurrency [6]. 

(iii) the design and implementation of CE is an innovation process for many companies, but a 
methodology to support companies to develop the many concepts that are available into a CE 
solution that suits their purposes, is lacking [5]. 

The latter is perhaps the most urgent problem. The successful design and implementation of CE 
requires a thorough understanding of: 
(i) the content of CE, i.e. understanding the complex of linkages between choices of product-market 

combinations, the qualifier and order winning criteria associated with that, the consequent levels of 
performance required from the production system, and the configuration of processes, technologies 
and organisational arrangements needed to achieve those performances. 

(ii) the process of designing and implementing innovations such as CE, in order to be able to derive 
from that approaches towards the organisation and management of this type of process. 

However, the literature on CE is generally rather sketchy and conceptual, and the more detailed 
publications are frequently an account of one particular, often successful, implementation of CE. 
Furthermore, real-time, in-depth, processual research into innovation processes, including those of CE, 
is relatively recent and not too many practicable results have been reported so far. 
Indeed, all the companies we have worked with, did recognise that they had a problem related to the 
(lack of) integration of their design function with other functions, on both operational and strategic level 
as well. But they simply had no idea about how to approach this problem. 
 
OBJECTIVE AND APPROACH 
The objective of our research programme, called ConcERT (Concurrent Engineering Research Twente), 
is to develop a CE design and implementation methodology. Trying not to re-invent the art-and-science 
of implementation [38], we shall adopt the many useful insights into CE and innovation that are 
available, but also recognise that many CE elements are still under development or not so easy to 
implement. This paper presents the results so far from one of the cornerstone projects, which 
concentrates on the design and implementation of integration, one of the key aspects of CE. 
The way we have approached the research can best be explained as follows. The rather general model 
of operations strategy proposed by Hill [16] and adapted for our earlier work on the modelling of 
organisations [3, 9, 21], emphasises that operations strategy is about (i) making and implementing 
decisions about the design of a company’s operational, operations management and maintenance 
processes, the technologies (incorporated in people and resources) needed to perform these processes, 
and the organisational arrangements dividing and co-ordinating processes; (ii) ensuring that these 
decisions align properly (internal consistency), and (iii) that they are examined in the light of their 
contribution towards the manufacturing tasks, i.e. providing the capacities and capabilities that are 
needed for the company to be able to qualify for, and to win orders in, the company’s market place(s) 
(external consistency); all of which ought to be (iv) an on-going, continuous, process of: planning and 
designing - implementing - monitoring - learning - (re-)planning and (re-)designing  -   .... etc. 
(continuity). 
    In one version or another, this framework and the thoughts lying behind it have been widely used for 
the purpose of helping companies formulating and implementing a manufacturing strategy. However, 
manufacturing is just one of the processes directly affecting a company’s performance. The framework 
will also need to be filled out for each of the other operational, operations management and 
maintenance processes, in order to achieve through a process of ‘statement and restatement’ [16] the 
internally and externally consistent [15] production organisation that is capable to fulfilling the task 
demanded by strategic plans [35]. One of those operational processes is product design. In this paper a 
similar framework is proposed for making and implementing decisions on the process, technology and 
organisation of design processes and their integration with other business processes. Basically what we 
have been doing is to try and fill out this framework, but now for the PCP. The result is depicted in 
figure 1, which ties together what seem the most important elements of CE.   
    In the remainder of this paper, these elements are discussed in some detail, and illustrated using 
examples based on field research. Finally, the usefulness of the framework is discussed and directions 
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for further research are proposed. 
 
Methodology 
A variety of methods was used during the research: 
- an extensive literature study; a pilot case study in company A, an electronics company (data were 

collected by means of interviews, observations and document studies) and interviews with product 
development managers at Dutch, German, English and American companies; followed by:  

- action research on a day-to-day basis enabling the in-depth, processual analysis of the imple-
mentation of Concurrent Engineering in company B, a producer of agricultural equipment; 
company C, a producer of bicycle tyres; and company D, a producer of medium voltage 
switchgear. 

 
A MODEL OF INTEGRATION 
 
Integration 
The key word to CE is integration. In literature, many different definitions of integration have been 
proposed. Those definitions refer to cross-functioning and a sense of collective responsibility [12]; 
unity of effort [23]; reciprocal information flow [17]; information being available as early as possible to 
reduce slack time and unnecessary  rework and to facilitate the earliest possible start of development 
subtasks [10]; interaction through formalized coordinated actions (e.g. committee meetings, 
teleconferencing, conference calls, memorandums, exchange of standard documentation), and 
collaboration through teamwork, mutual understanding, a common vision, shared resources, and 
collective goals [20]. The definitions tell us what integration is, what it does and what it is aimed at, but 
they do not say too much about how to achieve integration. The framework depicted in figure 1, and 
described and illustrated in subsequent sections, may be helpful in this respect. The reasoning behind 
this framework is that CE is an internally consistent configuration of processes, technologies and 
organisational arrangements that is externally consistent with the company’s corporate, market(ing) and 
also manufacturing strategies (the four left-hand side columns in the framework; figure 1). CE does not 
affect each and every aspect of creating new products; the new thing about CE is integration, through 
cross-functional collaboration, inter-functional communication and a certain degree of overlap of 
stages. Therefore, figure 1 comprises mechanisms that enable or facilitate integration. 
 
Integration is cross-functional collaboration 
Collaboration is a process in which several people with different, possibly complementary, skills work 
together, in this case, to create new product designs. Collaboration creates synergy in different 
individuals’ activities. Among the mechanisms facilitating collaboration are: teamwork; a mutual 
understanding; a common language; a common vision; a common frame of reference; shared resources; 
and collective goals [20, 34].  
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Integration is inter-functional communication 
Considering that designing new products essentially is an information processing activity, the 
importance of inter-functional communication, i.e. information exchange between design and the other 
functions involved in the PCP, is obvious. Communication is the process in which information 
originating in one function (source) is transferred to and put to use by another function (receiver) [26, 
33]. Information comprises knowledge and know-how, such as ideas, concepts,  data, results, analyses, 
planning, etc. [27]. 

Research in company D showed that the main contribution to reducing development lead 
time would be improved communication between sales, marketing, development, 
engineering, logistics and manufacturing. It was found that information often was 
incomplete, irrelevant, incomprehensible, and, occasionally, even incorrect. It is a well-
known phenomenon that different functions have different perspectives, use different frames 
of reference and languages, and company D is no different. Different functions appeared to 
use their own jargon. As a consequence, other functions often misinterpreted information, 
which led to misunderstanding and loss of time and energy.  
    The company sells medium voltage switchgears. Now, the term switch can be used 
referring to the actual switch or, in a much broader sense, referring to the whole 
switchgear system. A real-life case of misunderstanding happened when the sales 
department sold five installations to be tailor-made for a particular customer. Engineering 
developed a switch, i.e. just the actual part. Just before due date, the misunderstanding was 
discovered, and development started to try and develop the whole switchgear system but 
appeared to have too little time. Consequently, the customer decided to go elsewhere and 
the order was lost, together with the time and effort already put into it! 
    The company started a process of change aimed at improving both the content and also 
the routing of PCP related information. Communication processes were mapped, in order 
to be able to trace and remove bottlenecks (iterations, generation of void information, 
queuing of information leading to waiting times). In order to persuade the people involved 
of the usefulness of this, they were not just told about the background and purpose of the 
whole change, but actively involved in the process. This was not easy: some employees 
were set in their ways of thinking and working, and it was very difficult to change these 
people’s attitudes and behaviour. Because of this, some employees might be transferred to 
other functions. 

 
Integration is process overlap 
Early collaboration and communication may reduce development lead-time, in the sense that previously 
sequential activities may now show a certain degree of overlap. The transfer of information to the next 
function does not need to wait until all the work on the new product is finished. Rather, as soon as part 
of the job is finished it is transferred to the next function (process batch and transport batch are 
decoupled), or even part of a job is carried out in collaboration with subsequent functions. Of course, 
uncertainty and risk need to be reduced as much as possible through standardisation of work methods, 
specifications, materials; clear, unambiguous, well-communicated strategies and goals; close 
collaboration and frequent communication. 
 
Mechanisms enabling or facilitating integration 
In figure 1 strategic, process, technological, and organisational integration mechanisms are identified as 
facilitating or even enabling collaboration, communication and overlap. 
 
Strategic integration 
Strategies and goals serve several purposes. The selection of specific goals and strategies to achieve 
these goals, has considerable consequences for organisation design [8]. In particular the choice of 
product-market combinations and the role the company wants to play in these markets, through the 
qualifying criteria that govern those markets and decisions regarding the way the company plans to win 
orders in the market, (ought to) have great impact on the design of the company’s processes, the 
technologies (embodied in people and resources) needed to perform these processes, and organisation 
structure and culture. Furthermore, goals give a sense of direction to employees, motivate them, act as 
guidelines for decision making, and provide a standard for assessment. Goals and strategies, if well and 
unambiguously communicated, have great co-ordinating influence on the behaviour of (groups of) 
employees. 
    Without goals, a strategy, or at least a common sense of direction, it is essentially impossible to 
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know, on an operational level, whether current PCP projects are performed effectively, i.e. contribute to 
the company’s market and corporate strategy. And similarly, if no or conflicting PCP goals and 
strategies have been established, it will be impossible to determine what configuration of activities, 
technologies and organisational arrangements suits the company’s purposes best. 

Some years ago, Company C had decided to re-layout its plant for cost effective mass 
production, in an effort to beat Asian competition. In the meantime, however, the market 
has changed. Western bicycle manufacturers do not want cheap standard products 
anymore, but high quality tyres, with colours and profiles matching their bicycles, and 
short PCP lead times, as bikes are now highly fashionable products, with models and 
colours changing every year. Consequently, the design function started overloading the 
plant with new tyre designs, which the plant was unable to cope with. The result: quality 
and delivery problems, and efficiency losses to the extent that the company went into the 
red. The re-design of the PCP process was delayed considerably as the management team 
could not reach an agreement on the company’s strategy for the next couple of years. 
Consequently, decisions as to the type, amount and frequency of PCP projects could not be 
made, and decisions as regards the re-organisation of the design function, its relationship 
with marketing and manufacturing, and possible consequences for these functions were 
delayed as well. 
A similar pattern was identified at company B. 

 
Process integration  
Perhaps the most important and certainly the least understood ‘mechanism’ of improving PCP 
performance is re-designing the design process itself, so that it is intrinsically optimised. Related to 
business process re-engineering, this involves eliminating activities that do not add value, and 
simplifying and, if possible, integrating (also organisationally) or even automating (technologically) 
remaining activities. Research aimed at understanding the Product Creation Process is relatively recent 
[39] and the dynamic, relatively unpredictable and pulse-like (rather than flow-like) character of the 
process [37] does not make the process very easy to understand and to  (re-)design. 
    Integration efforts will have to be primarily directed at PCP activities or functions that have a major 
impact on the goals that are set (e.g. in terms of time and cost), because in most PCPs it will not be 
feasible to integrate all PCP activities or functions. This contrasts with some of the CE management 
literature, which suggest all PCP activities should be integrated, instead of those activities that have a 
major impact on the attainment of PCP goals. 
    One of the problems associated with the research of PCP and innovative processes in general is that 
we lack the tools for mapping these processes. In companies B, C and D, we tried several different 
techniques to map the PCP process, including PRISMA [22], trigger-modelling [19], Petri nets [32], 
IDEF0 and Technology & Organisation Analysis [4]. Each of these tools has its advantages and 
disadvantages. The main problem is that none of them supports the mapping of dynamic processes 
consisting of unpredictable pulses, delays and feedback loops. Also, time- and cost-related impacts of 
certain PCP activities on others are difficult to assess. As a consequence, experience, ‘gut-feeling’, a 
sense of what is going on in PCP projects, play a dominant role in re-designing these processes. This 
does not necessarily yield optimal results. 
 
    On a higher level of analysis, the (i) size, (ii) complexity and (iii) innovativeness of PCP projects, 
appear to have considerable impact on the organisation of the project [30]. The following example 
illustrates the relationship between project size and complexity, and integration through autonomous 
groups. 

In company A, the relative small size and low complexity of PCP projects enabled the use 
of  autonomous groups. These groups consisted of 6 to 8 production workers, who not only 
assembled power supplies and tested them, but also carried out routine tasks of prototype-
building, production planning, purchase, sales, inventory control, and financial 
administration. The work of these groups was integrated with that of product development, 
to the extent that they had a major responsibility in prototype-building and testing, 
discussing design solutions with product engineers, evaluating the manufacturability of 
designs, and increasing production efficiency. 

 
Technological integration 
Technology consists of the knowledge, experience, skills, methods, techniques, actions, tools, machines 
and equipment people in organisations use to perform their task. The wide range of technologies used in 
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organisations can be divided into three broad categories, namely: ‘humanware’, software and hardware. 
Given these categories, there are several different ways of achieving technological integration. 
 
    ‘Humanware’ concerns the knowledge, experience, skills, not only in a technical sense, but also 
including the social and managerial skills (e.g. communication, leadership, decision-making, project 
management), that people use to do their job. Important ‘humanware’-related aspects that affect 
integration appear to be associated with people's: 
(i) (predominantly technical) knowledge of upstream and downstream activities. 
(ii) social and managerial skills. 
(iii) favourable attitude towards cross-functional collaboration and communication [31]. 
Formal training, training-on-the-job, job rotation (e.g. designers working on the shopfloor, for a while) 
and also ‘just’ starting working together, together with management not only committing itself, but 
really involving itself and setting the example, are important mechanisms contributing to the designers 
performing their own task more effectively (i.e. first-time-right, less time etc.). 

In company A, top management stressed the importance of informal collaboration. They 
strongly believed that forcing people to collaborate would not lead to effective integration. 
People should have a positive attitude towards collaboration, and only by leaving 
collaboration to their own initiatives, effective integration could be attained, top 
management believed.  However, when the product and process engineers were asked why 
they considered integration not to be very effective, the most frequently mentioned reason 
was that collaboration was left to their own initiatives! 

 
    Software technologies are the methods, work practices, procedures, either automated, in the form of 
computer software, or not, that people use to perform their task. Some design technologies, especially 
the applications of information or communication technology, are integrating in themselves, for 
example CAD, CAPP and CAD/CAM; EDB; EDI and PDI. Other applications, such as tele-
conferencing and CSCW, support the communication between people working on different locations, 
but are still very much in their infancy. Yet other not necessarily automated technologies in this 
category, such as QFD, force design and marketing to collaborate if the techniques are to be applied to 
their full potential. FMEA and the whole range of Design for ... approaches basically do the same for 
the interface between design and, predominantly, manufacturing. 

At the start of our research, all companies were using computer-based and other software 
technologies. However, none of them used these technologies to integrate the design 
function with other functions. Research showed that company D would benefit a lot from 
DfM/DfA and QFD in order to improve the quality and manufacturability of product 
designs. Company B would also benefit from QFD and EDB (as a tool to increase 
standardisation). Furthermore, it was found that this company could make much better use 
of its 2D CAD system (which it had recently implemented to replace its 3D system (!) in 
order to become compatible with its sister company). The communication between 
marketing and design in company C would benefit from the use of simulation and 
prototyping, which are supported by many CAD systems that are available. 

 
    Hardware technology includes tools, machines, computers, handling devices and many other pieces 
of equipment. In the case of product design, hardware in the form of computers and communication 
linkages is the medium that enables the use of some of the software applications mentioned before. 
 
Organisational integration 
This refers to the use of suitable organisational arrangements, i.e. the more or less durable, formal and 
informal, structural and cultural arrangements organisations use to divide and co-ordinate labour. The 
following, not necessarily exhaustive, list provides a continuum of horizontal linkages, ranging from 
informal to formal, temporary to permanent, and process-oriented (grouping by function) to product-
oriented (grouping by output), ways of linking (groups of) people [14, 25]:  
- standardisation and formalisation, i.e. 

integration through e.g. paperwork; 
- direct, face-to-face communication; 
- liaison roles; 
- task forces and project teams; 
 

- matrix structure; 
- secondment; 
- co-location; 
- self-contained groups; 
- role combination. 

Planning, designing and implementing CE 



 
 9 

Choices with respect to the design of integration mechanisms are not independent from each other, and 
there is an overwhelming amount of combinations of integration mechanisms already available or 
becoming available in the near or further future. The on-going development of new technology together 
with the dynamic nature of markets and competition require companies continuously to pay attention to 
their PCP function, and to determine whether it is still contributing effectively to corporate strategy. 
    Many models have been proposed to describe this continuous process. For our purposes, the simple 
model of figure 2 will do (see e.g. [2] for much more detail on innovation processes). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Performance improvement: a continuous process. 
 
The model can be understood as follows. As everything depends on everything, it is sensible to reduce 
complexity by starting the whole process with planning and designing, first, the goals to be pursued 
(strategy choice), then the type of activities needed to achieve those goals (process design), next the 
technologies needed to be able to perform these processes (technology design) and, finally, the 
organisation of those processes (organisation design). The next step in the process is implementing all 
these decisions, which means that plans and designs are actually translated into an internally and 
externally consistent configuration of integration mechanisms, resulting, hopefully, in a PCP-function 
that contributes effectively to the company’s performance in the market place. Next, monitoring refers 
to the (continuous) process of assessing the company’s performance in the market place, and of the 
contribution of the PCP in particular, determining whether this performance is satisfactory or needs 
improvement, also taking into account present or anticipated opportunities (e.g. new technologies 
expected to become available) and threats (e.g. competitors appearing to be able to perform beyond the 
company’s present level). Learning refers to the process of ‘digesting’ previous experiences and using 
them, together with new insights, to further improve the company’s performance and in particular the 
performance of the PCP. This may require a next cycle of planning and design, implementation ... 
etcetera, resulting in further incremental improvement of the PCP, or even radical change of the way the 
whole activity is staffed, resourced with software and hardware, and organised. 
Obviously, this process requires top management commitment, involvement and leadership, but most of 
all continuity. 

In all the companies involved in our research, top management was directly involved in the 
process of gradually growing to CE. In company B this involved the managing director and 
the R&D and production managers. In company C, the manufacturing, R&D and logistics 
managers jointly managed the project. And in company D, the R&D manager led the 
project, together with a manufacturing manager who had initiated the project. It is too 
soon to say much about continuity at this stage, but the start has been very promising. 

  
CONCLUSION AND DIRECTIONS FOR FURTHER RESEARCH 
The model presented in this paper is the preliminary result of desk research and a limited number of 
case studies, including action research of the design and implementation of CE in three companies. It 
seems to be useful in helping companies to consider the mix of integration mechanisms they need to 
improve their PCP and to design the configuration that is most suitable for their own situation. As far as 
we can see now, given the fact that all companies are in their early stages of the whole process, it is 
particularly useful as (i) a communication tool between (action) researchers and management, and 
(related to that) as (ii) a support tool for analysis and decision making. It ties together in an accessible 
form the most important aspects of CE, its implementation and its relationships with other areas of 
operations strategy, and is supported by a range of underlying tools for analysing goals (in particular 
qualifiers and order winners), processes, technologies and organisational arrangements (not presented 
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here; see e.g. [3], [9] and the wider literature on operations management and strategy). 
    So far, the results using the framework and tools associated with it are promising and the result of a 
very fruitful ‘dialogue’ between academic research and industrial application. However, there is still a 
long way to go before we will achieve our ultimate objective, i.e. a CE design and implementation 
methodology. For this purpose, several questions need to be answered, in particular regarding: 
- the implementation of CE. Planning and designing is one thing, implementing plans and designs 

another. The companies are only beginning to implement CE, and we do not know in what way the 
organisations of this process is going to affect the eventual result; 

- relevance and completeness of the framework. So far the results are promising, but: how effective 
are the different integration mechanisms or combinations of them, in different situations? And, 
what further mechanisms of achieving integration can be distinguished? 

- performance measurement. Work-in-progress suggests that performance (including both ef-
fectiveness and efficiency) could be measured by comparing current PCP projects with (i) previous 
projects carried out by the same project-team (ii) similar projects carried out by another project 
team within the same organisation, or (iii) similar projects carried out by other organisations [28]. 
Further work on this is required, also. 

For this purpose, a number of in-depth case studies will be conducted, in companies that face a demand 
for decreased time-to-market, lower cost and higher quality demands for their new products. The results 
will be used to develop guidelines for companies to re-design their PCP. 
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