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Abstract

The purpose of th

study was to determine the need for
a Provincial Prototyping Centre that wculd be capable of
producing high quality manufacturable prototypes in the
least amount of time. At the same time, the study sought to
determine the specific systems, resources, and requirements
necessary for the operation of a Provincial Prototyping
Centre.

This study was conducted from March 1995 to July 1995
utilizing a modified Delphi technique. Two rounds of this
Delphi study were completed. Round one asked three
questions to which respondents were free to give open-ended

I ion d from the first round was

utilized to develop a second questionnaire submitted as
round two in the Delphi process. Each round utilized a
different panel of experts. Questionnaires for both rounds

were electronically tr: itted utilizing the E-mail

services of the Internet.
Results of the study indicated that a steering

committee representing the interests of government,

ii



industry, entrepreneurs, the university, post-secondary

institutions, and other interested parties should be formed

to further investigate the feasibility of a Provincial

Prototyping Centre. The results indicated consensus among

the respndents for the goals and objectives of a Provincial

Prototyping Centre. These are as follows:

1.

To provide the technical support to inventors in
developing a prototype,

To facilitate and guide inventors' product
development efforts,

To link inventors with financial support agencies,
To encourage and facilitate inventors by linking
them with other inventors who have been through
the product development process,

To encourage inventors to develop a marketing
plan,

To assist small business in developing production
prototypes quickly and at an affordable price,

To facilitate the development of existing

capabilities and businesses in the province, and

iii



8.

To develop prototypes based on its own market

intelligence.
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CHAPTER ONE
Background of the Project
Introduction
On October 14, 1994, the Honourable Brian Tobin,
Minister of Fisheries and Oceans, launched National Science
and Technology Week at the grand opening ceremony for the
Engineering Technology Centre of Cabot College. In his
address Tobin stated:
Canada needs innovation if Canada is going to create
new wealth...and to be competitive, to be able to
compete and win with new products and services around
the world. Fostering innovation today, requires a
culture in which communities, individuals, and
institutions value and embrace science, engineering,
and technology. That is an important challenge today
for Newfoundland and Labrador. (Tobin, B., personal
communication, October 14, 1994)

However, emerging high technology companies are in their
infancy in Newfoundland and Labrador, and all too often
workers with newly obtained skills in information
technologies and in other emerging technologies must seek

work outside the province. The infrastructure required to
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support fledgling high technology companies is not yet fully
in place. According to Hoffe, Manager of the Cabot College
Office of Industrial Assistance, innovations developed by
Newfoundland entrepreneurs often require considerable
support from outside the Province to build and develop the
manufacturable prototypes that are a necessary step in the
product development process. (Hoffe, personal communication,

January, 1993)

The Prototype Concept
Pugh (1991) cites that models or prototypes serve three
main £upctions:
(1) They establish the technical feasibility of the
product.
(2) They give members of the design team a tentative

ing of the i ions the

components embodied in the product, which
collectively make up the whole.

(3) They help members of the team to gain an
understanding of the possible functions of the

product. This becomes more and more important and



essential as the design becomes more and more
innovative. (p. 175)

The term prototype is defined as the first or primary
type of anything: a pattern, model, standard, exemplar,
archetype (Shorter Oxford English Dictionary, p. 1606). An
alternative definition is, "a model suitable for use in
complete evaluation of form, design, and performance"
(Dictionary of Scientific And Technical Terms, 1984, p.
1270) . A more comprehensive definition for a prototype that
will be used in this study is:

...the term used at that stage in the design process

when the has been realized physically in a

form that satisfies the functional, environmental,
reliability, maintainability, packaging, and other
requirements, but when the design does not necessarily
reflect the techniques of manufacture by which it will
be ultimately produced in quantity. (Mann, 1987, p.
423)
A sequential process is normally utilized in the
development, and commercialization of a new product that

includes the activities of idea generation, testing,



prototyping, development and introduction (Zahra, Nash, &

Bickford, 1994, p. 83). An alternative to this approach

suggests that such activities can be done concurrently.
In a parallel process, the engineering, marketing, and
manufacturing personnel work closely on completing a
given activity or phase, thereby encouraging the speedy
development of the technology. This approach also
reduces interdepartmental conflicts, disseminates
information quickly, and eliminates the bottlenecks

created by different schedules. (Zahra et al., p. 83)

Statement of the Problem

The use of advanced technology in manufacturing in
Newfoundland and Labrador is in its infancy. Simple tasks
such as constructing a plastic mold or fabricating an
electronic printed circuit board had to be referred to
experts and fabricators located outside of the Province.
Projects funded by the Office of Industrial Assistance, such
as those found in the medical device sector, are exemplary
(Inkpen, 1993). Such examples could serve to provide

evidence that niche manufacturing markets developed for



Newfoundland and Labrador have much potential for further
development .

However, there is no Centre located in the Province to
assist entrepreneurs in developing the manufacturable
prototypes that are required prior to commercializing
products. It was proposed, therefore, that a study commence
to specifically address the following questions:

1. What systems and resources should be incorporated into

a prototyping centre?

2. Is there a need for a Provincial Prototyping Centre in
Newf land and L: dox?
Significance of the Study

Since a Provincial Prototyping Centre did not exist in
Newfoundland and Labrador, this study provides both federal
and provincial agencies with information to assist in
decision making prior to implemention of a manufacturable
prototyping centre for high technology companies in this
province. The study also provides information regarding
benefits to be derived from implementing a Provincial

Prototyping Centre. As well, the administration of the Cabot



College can benefit from the information in this study and
may consider expanding the capabilities of the Office of
Industrial Assistance.

The expansion of the Office of Industrial Assistance is
in keeping with the articles governing the Colleges of
Applied Arts, Technology, and Continuing Education.
Specifically, one article states:

To meet the needs of the labour market by assisting

with the development of the skills of the labour force

to respond to economic and technological change and to
create a capacity for technology transfer. (Government

of Newfoundland and Labrador, 1991, p. 2)

Delimitations of the Study
This study was delimited to ascertaining the need for
and the resources that would be required for a Prototyping
Centre by accessing expert opinion from national experts.
The information gathered from these national experts was

then applied to ascertaining the need for a Prototypng

Centre in land and Lab: . No was made to

carry out a cost-analysis of the implementation of such a



Provincial Prototyping Centre.

While conducting this study, the following limitations

were recognized:

1. The study depended upon the cooperation of the
respondents.

2 The study was limited by the expert knowledge of
the Delphi panelists available and accessible to
the researcher.

3 The study was limited by the selection process
utilized to detarmine the Delphi panelists.

4. The study was limited to the months of April, May,

June, and July of 1995.

Definition of Terms
For the purposes of this study, the following terms and
definitions apply.
Computer Aided Design (CAD) : Software packages that

utilize the capabilities of computers to create



architectural, mechanical, and electronics drawings.
Essentially the computer is used as a design and
drafting tool where design modifications and
improvements can easily be made. (Reiss, 1989, p. 196)

aided (CAE) : The analysis and

evaluation of the engineering design using
computer-based techniques to calculate product
cperational, functional, and manufacturing
parameters too complex for classical methods.

(Rehg, 1994, p.138)

Aided ing (CAM): The effective
use of computer technology in the planning,
management, and control of production for the
enterprise. (Rehg, 1994, p. 171)

I £ (cIM) :

Integration of the total manufacturing enterprise
through the use of integrated systems and data
communications coupled with new managerial
philosophies that improve organizational and
personnel efficiency. (Rehg, 1994, p. 16)

Concurrent Engineering (CE): A systematic approach



to the integrated, simultaneous design of both
products and their related processes, including
manufacturing, test, and support. (Turino, 1992,

p. 3)

Delphi Method: The Delphi technique is a form of
structured interaction that has been utilized for an
assortment of needs assessment studies. It has been
used for the setting of priorities as well as
establishing a certain level of consensus.
Electrcmedical Equipment: Electrically powered
equipment or equipment that generates electrical
potentials for use in the medical diagnosis,
treatment, mitigation, or prevention of a disease
or the symptoms thereof in a patient. (Canadian
Standards Association [CSA], 1984, p. 13)

Flexible Manufacturing System (FMS): A fully, or
nearly fully automated system which consists of at
least two numerically controlled machine tools
interconnected by means of an automated system for
the handling and storage of material and sometimes

tools, and controlled by an integrated computer
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system or a programmable logical circuit.
(Ehrnberg and Jacobsson, 1993, p. 33)
Fused Deposition Modelling (FDM): A rapid
prototyping technique that builds up each cross
section by moving a thin extruded "wire" of
plastic or wax just above the part location and
heating it to its melting point. (Rehg, 1994, p.
158)
Innovation: The costly process of launching a new
idea and its products in the market place.
(Braunstein, Baumol, & Mansfield, 1980, p. 25)
Internet: The technical term for connecting a network
of networks. The Internet was started by the U.S.
Advanced Research Projects Agency as a means to
economize on the use of broadband telephone lines by
utilizing a packet-switching network.
(Dern, 1994, p. 12)

Lami Object ing (LOM) : A rapid

prototyping technique that builds up cross
sections that are cut from thin sheets of stock.

Each sheet is glued with adhesive to the already



constructed part, then trimmed with a laser.
(Rehg, 1994, p. 159)

Medical Device: The term device means an
instrument, apparatus, implement, machine,
contrivance, implant, invitro reagent, or other

similar or related article, including any

co , part, or y, which is--

1) recognized in the official National Formulary,
or the United States Pharmacopoeia, oxr any
supplement to them,

2) intended for use in the diagnosis of disease or
other conditions, or in the cure, mitigation,
treatment, or prevention of disease, in man or
other animals, or

3) intended to affect the structure or any
function of the body of man or other animals, and
which does not achieve any of its principal
intended purposes through chemical action within
or on the body of man or other animals and which
is not dependent upon being metabolized for the

achievement of any of its principal intended
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purposes. (U.S. Department of Health and Human
Services, 1992, p. 37)

Medium-sized : A with 100

and 999 employees. (Canada's Technology Industries
in the 1990s, 1991, p. 11)

Prototype: The term used at that stage in the
design process when the component has been
realized physically in a forxm that satisfies the
functional, environmental, reliability,
maintainability, packaging, and other
requirements, but when the design does not
necessarily reflect the techniques of manufacture
by which it will be ultimately produced in
quantity. (Mann, 1987, p. 423)

Rapid Prototyping: A technique used to build a
sample of a new design quickly by partitioning a
3-D CAD model of a part into horizontal
crosgs-sectional slices and then transforming the
design, layer by layer into a physical model or
prototype. (Rehg, 1994, p. 156)

Round: A set of questions posed to a Delphi panel.
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Information obtained from this set of questions is
analyzed and returned to the Delphi panelists in order
to achieve a level of consensus.
Selective laser sintering (SLS): A technique that
employs a high energy laser to fuse or sinter
powder into a solid object. (Rehg, 1994, p. 157)
Small-sized company: A company with less than 100
employees. (Canada's Technology Industries in the
1990g, 1991, p. 11)
Stereolithography (STL): A rapid prototyping
technique that utilizes a tank of photosensitive
polymer and a servo-controlled laser that is
focused on the surface of the liquid polymer all
linked to a 3-D CAD system. The computer reads the
CAD file for the prototype part and causes the
laser to trace the area of the bottom cross
section on the liquid polymer. The laser light
causes the polymer to harden. By lowering a table
in the vat of liquid polymer successive layers of
the prototype part can be built up until the

entire part is created from the hardened polymer.
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(Rehg, 1994, p. 156)

i The of identifying an

Y £

operational requirement, translating the statement
of need into a series of parameters which describe
the structure and performance of a system, and
finally constructing and testing a useful
prototype of the system for deployment and user
satisfaction. (Wenker, 1987, p. 103)

Total Quality Management (TQM): A philosophy and a
set of guiding principles that represent the
foundation of a continuously improving
organization. It is the application of
quantitative methods and human resources to
improve all the processes within an organization
and exceed customer needs now and in the future.

(Besterfield, 1994, p. 443)

3 i £t} i
This study is organized in the following manner:
Chapter 2 contains a review of the relevant literature

regarding prototyping, intellectual property considerations,
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total quality management, computer integrated manufacturing,
and concurrent engineering practises currently being
practised.

Chapter 3 profiles the methodology used in the
conducting of this study.

Chapter 4 reports and provides a qualitative analysis
of the results of the data gathered during the study.

Chapter 5 draws conclusions from the study and makes

recommendations for future study.



CHAPTER TWO
Review of Related Literature
Introduction
Research and development (R&D) can be considered to be

a series of activities or stages. Schumpeter (as cited in
Braunstein et al., 1980) divided the process of research and
development into stages which were identified as: invention,
innovation, and diffusion (imitation). Scherer (cited in
Braunstein et al., 1980) suggested that modern R&D
activities can benefit from a further classification of
these three stages into invention, entrepreneurship,
investment, development, and diffusion. The entrepreneurship
stage occurs when a business person seeks out the inventor's

idea and starts the of ialization. Invi

is the dedication of resources to implement the R&D process,
and development is the activity required to move the
innovation into the real world.
The purpose of research is to reveal new knowledge, but
the purpose of design - product d2sign at least - is to
create new products. The meaning of development varies

from sector to sector, but normally has to do with



product improvement. (Constable, 1994, p. 81)

Background to the Study

A recommendation by the Study Group on Technicians and
Technologists (1990) focuses on a plausible scenario for the
future development of Canada. They suggested:

...to prosper in the years ahead, Canada will have to

successfully compete in a knowledge-based, technology

driven world. Our future economic survival will
increasingly depend on our ability to develop and apply
new forms of technology, as well as our capacity to
provide goods and services that are research,
information, and knowledge-intensive. Indeed science
and technology are emerging as an important basis of

national comparative advantage. (p. 16)

As the above suggests, research and development
activity is considered vital to the economy of Canada.
However, this vital activity is underemphasized by some
Canadian companies. According to Canada's Technology
Industries in the 1990s, "Successful technology companies
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must maintain a strong research and development (R&D)
effort, working continually to improve the quality of their
products, to speed up their development processes and their
distribution channels" (1991, p. 1).
Table 1 shows a drop of 0.5% in expenditures as a

of r 1988 and 1990 in Canadian

technology intensive companies. For start-up, small, and
medium-sized companies, this trend is ominous. In the United
States, however, overall expenditure as a percentage of
revenue on R&D is expected to increase from 9.5% to 9.8% in

five years.



R&D Expenditu: as a of
Canada
Company Size 1988 1989 1990
Small 13.2 12.8 113
Medium 5.9 5.1 4.4
Large 5.7 5.7 5.9
All Companies 6.3 6.0 5.8

19

Source: Ernst & Young/Hutchison Research Canadian study

United States

Company Size Current In five years
Developing 20.8 13.9

Small 12.8 10.8
Mid-size 10.2 9.9

Large 8.8 8.9

Top Tier 9.3 9.8

All Companies 9.5 5.8

Source: Ernst & Young United States study

Table 1: Research and Development Expenditures

(Canada's Technology Industries in the 1990s, p. 11)
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These small and medium-sized companies, as well as
start-up firms, are challenged to become competitive on an
international scale quickly due to the threat of increased
global competition that is fuelled by advancing
technologies. By quickly becoming internationally
competitive, these companies will no longer be dependent on
a small local market for their survival.

The same challenges that face Canada as a result of the
changing global economy also affect Newfoundland and
Labrador. In fact, a new vision for this Province's economy
has been articulated in the document entitled Change and
Challenge: A Strategic Economic Plan for Newfoundland and

L "Our ic vision for foundland and Labrad

is that of an enterprising, educated, distinctive and
prosperous people working together to create a competitive

economy based on innovation, creativity, productivity, and

quality" (Go of dland and L , 1992, p.

13).
In this document, the Provincial government recommends

that the private sector address the advantages of innovation
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through the use of new technological development and
adaptation. The report identifies programs to transfer
technology that will be made available to the private sector
to enhance their competitive advantage.

In partnership with the Federal government
implement programs to commercialize and market new
technologies, products and processes, and to

ation

quality . plant

and training. (Government of Newfoundland and

Labrador, 1992, p. 37)
The Provincial government recommends that Memorial
University of Newfoundland and the other post-secondary
institutions develop better links and partnerships with the
private sector. By doing so,the local research and
development capabilities inherent in these organizations can
be utilized more aggressively (Government of Newfoundland
and Labrador, 1992).

The National Research Council (NRC) in Canada is
designed to play a key role in enhancing manufacturers'

ability to compete in the global economy. According to
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Inkpen (1993), the NRC supports 16 different institutes, 11
based in Ottawa and the remainder located across the
country, including the Institute for Marine Dynamics in St.
John's, Newfoundland. The Industrial Research Assistance

Programme (IRAP) was established by the NRC in 1964 to

support and applied ‘h and development.
IRAP has its own presence in Newfoundland through ten
Industrial Technology Advisors (ITA's) who help companies
identify opportunities, solve problems, and identify
expertise in the community that could be tapped to address
such problems and opportunities. Some of these ITA's are
directly employed by the NRC, while others are employees of
Enterprise Newfoundland and Labrador. Inkpen (1993) cites D.
Rideout, Regional Director for IRAP in Newfoundland and
Labrador:
Last year, we had a three million dollar budget, of
which, two million was allocated to some 250 projects
in the Province. A large portion of this money was
dispensed through the Contribution Agreements that we

have with various organizations, such as the Cabot
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College. (p. 2)

The Office of Industrial Assistance uses the
Contribution Agreement funding as a means to initiate
various projects so that there is no monetary cost to
clients at the preliminary stages of a project. Beyond this
preliminary stage, if a project is considered feasible,
funding can be sought from various agencies such as IRAP and
the Atlantic Canada Opportunities Agency (ACOA) and the
client is encouraged to fund approximately 25% of the cost.
At the present time, the Office of Industrial Assistance has
completed approximately 20 projects that have contributed to
the economic activity of the province (D. Heale, personal
communication, September, 1994). One project in particular
was significant enough to trigger and increase the staffing
of a small company from 3 to 10 people.

The goals and objectives of the Office of Industrial
Assistance are to, "Establish Cabot College as a leading
edge Applied Research Organization offering a full
complement of Industrial Assistance services" (Cabot College

of Applied Arts, Technology, and Continuing Education, 1992,



24
P. 2). In order for the Office of Industrial Assistance to
attain this goal, all the elements related to a state of the

art full prototyping capability may need consideration.

Intellectual Property

One of the considerations that must be incorporated
into the management structure of a Provincial Prototyping
Centre is the protection of any form of intellectual
property of the client. There are several techniques that
have been utilized to protect such property. These are
patents, copyright, trademarking, and industrial design
registration. All of these techniques have had their share
of successes and failures.

When a firm comes up with a valuable idea, it is
attractive to those who do not wish to duplicate the
original research. Therefore, hitching a free ride on the
original firm's research is a possibility that degrades the
investment process. The end result of this practise is that
firms are less willing to make the investment required to

evolve valuable ideas, regardless of their benefit to
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society.

A monopoly is conducive to research because it
captures all of the rewards from such research rather than
having to share them with those who did not participate in
the origination of the innovation. The concept of
monopolized innovation, however, may defeat its intent.
Companies that have an effective monopoly will have little
or no incentive to innovate. This lack of innovation leads
to stagnation and loss of market share. Braunstein et al.
(1980) described this phenomenon and postulated why a
company should take on the risk of further research when
they have a safe market monopoly and profits. Additional
research into the innovation may discover cheaper and easier
ways to produce the innovation which would make the entry of
rivals even more possible. Only competitive pressures, it
seems, can force innovation upon an industry. With
competition, a company must innovate or risk being non-
competitive in its own market. According to Kamien and
Schwartz (cited in Braunstein et al., 1980), a new

empirically inspired hypothesis has emerged to explain that
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a market structure intermediate between monopoly and perfect
competition would promote the highest rate of inventive
activity.

The patent system was developed to circumvent this
free-rider problem associated with R&D. Essentially, a
monopoly in the form of exclusive rights over the financial
benefits of the innovation is awarded to the innovator for
the life of the patent in the hope of eliminating the
free-rider problem. An additional purpose of the patent
system is to provide disclosure of new inventions. Patented
ideas are made available to the public through offices such
as the Office of Industrial Assistance at the Cabot College
which serves as a patent intermediary for clients. This
office is also capable of performing patent innovation
searches for its clients.

Zahra, Nash, and Bickford (1994) state that companies
continue to apply for patents in record numbers or to ask

courts to their . Even so, offer poor

protection of a pioneer's technology. In a survey of 650

in 130 i es, Zahra et al. (1994) found that
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of the different approaches that companies might use to
protect their intellectual property (e.g., patents, trade
secrets, and copyrights), these executives rated patents as
the least effective form of protection. Patents leaked vital
information to competitors. Patents can, however, be a
source of revenue through the process of licensing.

The software industry is also plagued with violations
of copyright. Several of the large technological pioneers in
the software industry are currently embroiled in thim debate
over intellectual property protection (Zahra et al., 1994).
Perhaps the best form of protection for technological
pioneering is the technology itself. The more proprietary
features that are incorporated into the innovation, the more
difficult it is for rivals to reverse engineer or copy it.

In the medical device industry, according to Harris &
Associates (1982), a survey of medical device manufacturers
documented an extraordinary level of innovative activity.

Nearly half (45%) of the establishments report that

their establishments have introduced a really new

medical device product since 1972 that would generally
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be considered a significant innovation in the field.
This is a profile of an industry where innovation is
the norm rather than the exception. (p. 106)

New product introduction, according to Harris & Associates
(1982), may be a better measure of innovation than patent
awards in the medical device sector. This is due to the
time, costs and staffing requirements necessary to pursue
patent activity which may discourage smaller companies from

applying for patents.

Total Ouality Mapagement
On average, American products cost too much to design,
develop, and build. On average, American goods have
also lagged in quality - first in quality of
manufacture (conformance to design specifications),
more recently in quality of design (functional
performance and customer appeal). (Alic, J.A., 1993,
359-360)
Growing trade and financial deficits faced North

American firms after the economic recession of the early
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1980's. Kano (1993) stated that this situation motivated top
management in several leading companies in America to play
an important role in leading the quality movement. As a
result, management commitment to quality became a
requirement for survival in the midst of world-class
competition. Quality began to emerge as a key management
focus which has influenced nearly every industry asserts
Easton (1993). According to Belohlav (1993) quality became a
tangible concept that ensures the delivery of value as
customers needs change; and a mechanism to mobilize and
maintain the intensity of individual action.

Creation of the Malcolm Baldrige National Quality Award

by Congress in 1987 contributed to the national

visibility of quality management and thus to the

momentum of the U.S. quality management movement.

(Easton, p. 32)

This type of organizational milieu or corporate culture
can be developed by a technique called Total Quality

. TQM, ing to Besterfield (1994), is both a

philosophy and a set of guiding principles that outlines the



30
foundation of a continuously improving organization. TQM is
quality driven and, most importantly, oriented towards
meeting or exceeding customer satisfaction. The key to an
effective TQM program is that the whole enterprise must
focus on the customer.

The TQM movement has its roots in the concept of the
Theory Z organization postulated by Ouchi (1981). Ouchi
stated that Theory Z companies:

...have the objective of developing the ability of the

organization to coordinate people, not technology, to

achieve productivity. In part, this involves developing
people's skills, but in part it also involves the
creation of new structures, incentives, and a new

philosophy of management. (p. 83)

According to Martin Starr (1988), "improving the

quality of such i d b the tool

to assure customer satisfaction and to amplify the
customer's role as a driving force of the enterprise" (p.
142) . Emerging high-technology companies that could utilize

the resources of a Provincial Prototyping Centre would be
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faced with the challenge of obtaining long-term sustainable
success or in other words becoming a viable business. Price
& Chen (1993) state that TQM sets the foundation for the two
critical success factors for such companies: rapid time-to-
market and product differentiation. TQM adoption has become
an essential ingredient in encouraging creativity,
initiative, and ensuring that the organization can react
quickly to change.

A TQM organization seeks to continually improve upon
the quality of its products and/or processes. In the context
of TQM, quality has a precise meaning and is defined by the
International Standards Organization (ISO 8402-1986:
Quality-Vocabulary) as:

The totality of features and characteristics of a

product or service that bear on itg ability to satisfy

stated or implied needs. {cited in Stebbing, 1989, p.

1)

Additionally, there are many standards associated with the
concept of quality and quality assurance, which are often

used synonymously with TQM.
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Finally, the TQM approach involves the worker as the
method for continuously improving. Customers know what they
want, but the employees often know how to deliver it. Easton
(1993) states that there must be widespread employee
involvement in quality improvement teams.

The trend of seeking continucus improvement implies
that the organization must continuously respond to
intentional changes as well as adjusting to the unexpected
consequences of predictable changes. Therefore, flexibility
within an organization is not only desirable but also a
necessity. Flexibility, according to Bahrami (1993), is &
multidimensional concept that demands agility and
versatility that is associated with innovation, change, and
novelty. It is also coupled with robustness and resilience
implying stability, sustainable advantage, and capabilities
that may" evoive over time. Continuous improvement concepts
must focus on the organization as a whole, and on providing
flexibility allowing workers, at all levels, to suggest and
act on improvements to the work flow of the organization.

Total Quaiity Management is, therefore, a technique
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that focuses on meeting or exceeding customer expectations
by involving the work force in continually improving the way
work is performed within the organization. Much of the TQM

movement is based on tools and techniques developed by

quality over the past forty years, such

as statistical control,

, and quality
function deployment.

Belohlav (1993) noted that as quality increases, costs
will go down because people, floor space, and resources used
for finding and fixing things, which should have been done
right the first time, are no longer required. Motorola (as
cited in Belohlav, 1993) noted that an average organization
tends to operate in a 4 sigwa range (a method of classifying
error or defect rates) or about 6210 defects per million
parts, while a 6 sigma organization creates only about 3.4
defects per million parts. "Motorola's experience has also
shown that a 4 sigma manufacturer will spend in excess of
10% of the sales dollar on internal and external repair. A 6
sigma manufacturer will spend less than 1%" (Belohlav,

1993) . Quality, therefore, reduces cost.
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MacCormack, Newman, and Rosenfield (1994), cite a 1990
survey of senior managers in 260 American high technology
firms that indicated that 22% had TQM programs in all
manufacturing areas. This indicates that the leaders in high
technology innovation value the contribution and

effectiveness of the total quality management philosophy.

Product cost is highly dependent upon the design
decision made at an early stage of a produc’t life cycle.
For instance, the automobile irdustries reported that
although only about 5% of the to+-" cost of an
automobile is spent on the design activity itself, the
design decision determines about 70% of the total
product cost. (Oh & Park, 1994, p. 279)
It becomes necessary, according to Crease and Moore (as
cited in Oh & Park, 1994) to employ a philosophy for
improving quality, reducing costs, and reducing the lead
time from product conception to product development for new

products as well as product medifications. By the late
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1970's, Alic (1993) stated that Xerox Corporation discovered
that its manufacturing costs were 50% or higher than its
competitors from Japan. Xerox traced about half of its cost
disadvantages to product design, noting that its overseas
rivals could design a new copier and get it into production
in 12-18 months, compared to 24-36 months for Xerox.

The concept of continuous improvement has led to the
development of a new engineering management technique termed
concurrent engineering. This is a cortinuous design
improvement process that allows organizations to reduce
time-to-market and to improve both design and product
quality while improving company profitability and
competitiveness (Turino, 1992). Customer satisfaction can
also increase through the adoption of concurrent engineering
practises.

Concurrent engineering is the direct involvement of all

parts of an organization into the conceptualization,
specification, development, manufacturing and support
of new products. Successful new product development is

not longer the sole responsibility of the R&D
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department, but is the combination of the efforts,
teamwork and cooperation of the entire organization.
(Shina, 1991, p. 2)

Alic (1993) postulates that reintegrating design and
production is partly a matter of management, partly a matter
of purely technical tools and techniques. The classical
approach to the product development process ia shown in

Figure 1.
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Designs Tossed Over the
Proverbial "Brick Wall"l

Design
Actlvities

Figure 1. Classical Design App»roach (Turino, 1992, p. 4)

The R&D department (as shown in Figure 1) was separated
from the other departments who might be keenly interested in
providing input to the design process. Product designs were
developed in isolation by engineers who did not receive
input from other groups. The completed design with fully
detailed engineering drawings was passed over to the
production engineers in manufacturing who then developed the
production systems in isolation. Eventually, this section

passed the completed production information to the shop
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