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1 INTRODUCTION
1.1) The Aims of the Research

The broad aim of this research is to improve the management of
product design through the principle of product status, that is,
through the identification of whether a product design is likely to
be innovative (dynamic) or incremental (static).

From the literature survey gaps in knowledge were found and from
these the following research objectives have been identified relating
to product status.

1) Show the existence of product status.
2) Show how to determine the status of 'a product.

3) Show which design disciplines should accompany a particular

product status.
4) Show product status as a method for forecasting.

It was also hoped that the research would lead to a design process
that could be used to direct design managers through the front end of

product design to reduce failure rate. This design process would be

written to emphasise the more important aspects of design and
diminish the less important thus limiting the work mnecessary to

produce a successful product.

The following pages show the development of the case that fulfil
these research objectives. The literature survey describes the

origins of product status and shows how it fits into the broad

structure of the management of design.

This research also describes how various 'disciplines' that have

been attributed to the product life cycle (PLC) and S shaped curves

can be read across to the product status. Whereas the position of a



product on the PLC and S curve camnot be identified this is possible
with product status. The factors that make a product's status static
or dynamic have been determined, from the research in companies
(chapters 3 - 6) and then by reverse synthesis these findings have
been put in the form of a questiomnaire. It is believed that this
will enable those responsible for design to identify the status of
their products (chapter 7).

The disciplines determined from the literature search and added to
by additional ones found from the analysis of results, are then
compiled into an improved design process (chapters 8 and 9). This
gives a sequence to the research findings so that they then become a
usable "tool" for the management of product design.

The findings and conclusions are summarised in chapter 10.

1.2) Limitations to the Field of Research

The initial area of research was restricted to manufactured
mechanical products but it became apparent as the research progressed
that the results obtained were applicable to a much wider area of
product design. It is believed that the basic principles identified
and incorporated in the design process hold good with all products

although for service industries and architecture it would need

significant adaption in content, but not sequence.
The design of products covers a very wide area and to enable

research to be undertaken in sufficient depth, this work has been
restricted to that part of design where the unexplained and little
researched problem area of design is known to exist. This is the

part of design between the market research input to the start of



detail design. This area cammot be taken in isolation and,
therefore, recommendations are also made for market research and
aspects of production.

The generation of new concepts (Design Methods) has not been
considered, or how their worth is judged, beyond whether new concepts

are necessary and how they should be viewed in relation to existing

products.



2. LITERATURE SURVEY
2.0 Introduction

The purpose of the following literature survey is to investigate
the current state of the art of the management of product design and
to identify the main area of research. Having identified the
principle of product status as a suitable area for research the
literature is further reviewed in order to pick out aspects that can
be used in conjunction with product status.

What many technical books refer to as 'Design' is often termed 'New
Product Development Process' (N.P.D.) in marketing and management
books. These terms may be considered to mean the same.

The key to the whole research lies in being able to identify the
factors that would keep a product static, keep a product dynamic, or
possibly more important, show when the product status was likely to
change. Therefore the principle of Product Status is introduced
right at the start of this literature survey .

One important part of the literature survey was to compile clear
and accurate definitions that could be used throughout the period of
the research, these are listed in section 2.2.

After showing that the rate of failure of product design is high
and the likely reasons for success and failure, it is shown that
design management can be most effective if directed towards the early
stages, or front end of the design process. (Sections 2.3, 2.4 ).

This is followed by a brief description of the effective
organisation of teams to undertake design and product status is then
related to the product life cycle and "S" shaped curve. (Sections

2.5, 2.6, 2.7, 2.8). The subsequent stages of the literature review



show how product status relates to other aspects of the design

process and company organisation.

2.1 Product Status

The concept of product design being different at two boundaries was
hypothesised in the work of Pugh and Smith (1976).

In Pugh (1983) the two boundaries are called the static and dynamic
boundaries and maximum innovation and synthesis occur at the dynamic
boundary and the conventional and minimum synthesis occurs at the
static boundary. This is shown on fig 2.1l.a.

On a macro level, quite independently, Klein (1977) has used the
same terms to describe a similar process shown using S-shaped curves
of 'performance function' against a base of time. Klein (1977)

describes dynamic behaviour as that:

"associated with pioneering new products and processes" (p.4).

He later continues
"The key difference between static and dynamic process
is that whereas the former involves types of change

that can be predicted on the basis of initial conditions

the latter involves quite unpredictable changes in initial
conditions". (p.12)

Several others have observed a similar process of some products
being dynamic designs, but using words such as ‘'innovative',
'radical', 'fast', and even 'high tech.', and other products being
static designs using words such as 'evolutionary', 'incremental',

'dominant', 'mature', 'slow', or 'traditional'. For example Kuhn
(1982); Johne (1985).
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Therefore, over a period of time, changes occur to gradually
improve a product design. Occasionally a new design appears and the
'performance function' is improved quite considerably, but then these
improvements again become gradual until the next new radical design
appears. So with some products design changes are of a radical
nature where changes occur in the basic concept and these types of
products can be said to have a 'Dynamic Product Status'. In other
products design changes are more of an incremental nature, that is,
the basic concept remains unchanged. These products can be said to
have a 'Static Product Status'.

It can be deduced that, at any one time, a product has either a

static product status or a dynamic product status, but, over a period

of time, products move between the static and dynamic boundaries.
Some products (as described by Pugh (1983) using the example of the
differential) stay at, or near, the static boundary for long periods
of time. Whereas, other products move between the boundaries in
shorter periods of time, requiring new concepts to be considered in
their design.

Product status is demonstrated with the S-shaped curve shown on

fig.*2.1.b. Now, with different products and at different times, the

rise in performance function may be greater or less when the product

is dynamic (b) or periods when the product is static (a) may be

shorter or longer. The S-shaped curve, therefore, demonstrates the
principle of product status but, in itself, is of little value for
two reasons. Firstly, it may be possible to put some value on the

performance function, as has been attempted by Klein (1977) and

others, but even this is doubtful. For example, how can the
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aesthetics of, say, a watch be measured or graded next to its weight?

Secondly, even if the performance function could be measured, the
time base could only be provided with hindsight.

On the other hand, if it was possible to demonstrate that a
particular product at a particular time was either static or dynamic,
or changing status either now or in the near future, then the whole
study of product status takes on new value.

In its basic form, if a product can be identified as being static,
then only incremental changes would be needed, whereas, if it was
identified as being dynamic, then it would be known that new concepts
need to be considered. This would be valuable in itself to a
product designer, but the principle can be taken much further. In
the paper by Pugh and Smith (1976) it was shown that computer aided
design was more likely to be applicable for designing a product
demanding 'minimum synthesis'. Therefore, if a particular product's
status could be identified as dynamic the company management would

know that investment in computer aided design, for this product,

would, probably, not be worthwhile as conventional draughting is
likely to be more adaptable and more effective. This reasoning could
be taken further with many other design activities or 'disciplines’
that are used in product design, production and marketing. If these
could be broadly divided into activities that are more suited for, 1)
products which are dynamic, 2) products which are newly static, 3)
products which are static for a long time and, also, 4) those
activities that are important in a company irrespective of the
product status, the design manager would know which disciplines
should be emphasised and which could be diminished at that time when



designing that particular product. This is one aspect this research
will endeavour to cover.

There is sufficient evidence to show that technology is changing
faster than ever before (Glasser 1982; Carpenter et al 1986; Ansoff
1982; Nystrom 1979) and certainly company management must be aware
that innovation may become necessary to keep their products
competitive., But, it has been estimated (Ingersoll 1985) that, about
seventy per cent of Britain's engineering output comes from

'traditional' engineering industries who have well established
products where incremental design improvements may be more effective
than imnmovation. Having a traditional, well established, product,

though, does not mean that a company can ignore innovation all the
time.

"when faced with a technological threat, dominant
- firms frequently have responded with even greater
reliance on obsolete technology (e.g. telegraph/
telephone; vacuum tube/transistor; core memory/

semiconductor memory)."

(Tushman and Nadler 1986).
By appreciating product status it will be possible to show when
innovation is required.

There are several further advantages for a company in knowing their
product status and these are described in section 3.1. d
This author believes that Product Status can be a powerful tool for

directing design management towards areas which are of greater
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importance in product design. Product Status has, therefore, been

jdentified as a worthwhile area for further research.

2.2 Definitions used in the Research

This author has compiled this list of definitions which are used in
this research.
Note: QMS numbers refer to BSI committee meeting compiling the
proposed standard 'Design Management Systems’.

Business Plan

Overall aims of an organisation in whatever terms are appropriate.

For example, financial, social, ecological. (QMS/4/2 June 1987)

Conceptually Vulnerable Design
Where a product is treated as static when it is potentially dynamic,

or the concept chosen is under threat from a 'better' product concept

(such as, a new imnovation) or when the wrong concept is chosen.

(derived from Pugh 1981)

Conformance Standard

A requirement by law, standards institution or insurance company.

(Pugh 1981)

(Total) Design
A multi-disciplinary, iterative process that takes an idea or market

need forward into a product. Design does not end with production.
Design Disciplines

Those activities which are to be found in the design and manufacture

of a product.
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Design Efficiency

Quality of Design Quality of Design
or
Time (man hours) Total Cost of Design
Design Model

A diagram showing the general procedure for the design of a product
or service., (W.J.H - BSI QMS/4/2)

Design Plan
A 'route map' to guide the user through the design process.

Design Review

A formal, documented, comprehensive and systematic examination of the
capability of a design to meet the product design specification, to
ldentify problems and propose solutions. They should be held
whenever necessary and involve all who can make a contribution.

Dynamic Company
One that has the attributes associated with the design and/or the

production of a dynamic product.

Dynamic Product
A product where design changes are (or should be) imnovative. The

product concept is likely to change.

Elements of the Product Design Specification
The areas of investigation that are included in the product design

specification.
Evolutionary Design
Continuous product improvement to meet slowly changing market needs

or evolving science and technology aimed at sustaining or expanding
existing markets, (Parker 1980)
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Front End of Design
That part of the design process that precedes the detail design

stage.

Imitators

A company that copies the design of another company's product
(sometimes known as "me too" type products).

Innovation

The process of taking an invention forward into the first marketable

product.,

Invention

Invention is the act of insight by which a new and promising
technical possibility is recognised and worked out (at least mentally
and, possibly, physically) in it's essential most rudimentory form.
(Schener 1971)

The Management of Product Desi
The planning, organisation and control of money, men, materials and

time to achieve the objectives of the project. (SEED 1985)

Marketing

The management function responsible for identifying, anticipating and
satisfying customer requirements profitably. (The Institute of
Marketing)

Partial Design
Part of the design which contributes to the whole (for example,

industrial design, engineering design, design for manufacture etc.).
(Pugh 1987)
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Partial Product Design Specification

A full written document that covers the relevant aspects of the
product from which part of the product should be designed.
Performance Function

An overall measure of all aspects of a product which allows it to be
compared with another similar product.

Process Design
Design of the method of manufacture.

Product/Company Status Mismatch
When a company is structured for or treating a product as static when

the product is dynamic or, the reverse, a company is structured for

or treating a product as dynamic when the product is static.

Product Design Specification

A full written document that covers all aspects required of the
product from which a product should be designed, ( called 'pre-design

specification' in the research questiomnaire).

Product Failure

A product failing to live up to its company expectations in the
market., (Foxall 1984)

Product User Standard

One that customers are used to, prefer or may require to fit or

interface with their existing products.

Product Status

A term used to describe static or dynamic products. (Pugh 1983)

Reliability

The ability of an item to perform a required function under stated

conditions for a stated period of time., (ISO 8402 - 1986)
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Standard Desi

Standard design is a product design that fixes the concept for a

period of time. It fulfils the market requirements more closely than

other designs available at that time. It sets the static plateau.
Static Company

One that has the attributes associated with the design and/or

production of a static product.

Static Product

A product where design changes are (or should be) incremental or non-

existent. The concept is unlikely to change.

ostatic 1

The static design disciplines that are necessary to enable a product

to be produced competitively,

Static 2

The static design disciplines that can be introduced when the
production volume reaches a level that makes their inclusion viable.

Research Criterion

Principle or standard by which a thing is judged. (Oxford
Dictionary)

2.3 Failure of Product Design
Very broadly, the purpose of the research was to reduce the rate,

or Chaﬁce, of failure in design.
Failure of a new product has been defined by 0O'Shaughnessy (1984)
thus:
"As occurring whenever management regrets the new

product introduction”.
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Foxall (1984) defines it as:
"A product failing to live up to its Company expectations in
the market”.
The findjngs of various researchers have shown that, almost without

exception, the failure rate of new product designs is unacceptably

high and should be reduced if possible, (Booz Allen and Hamilton 1968
and 1982; Mansfield et al 1971; Dieter 1983; O'Meara 1961; Schorr

1961). The figures obtained by these researchers vary and are
summarised in figure 2,3a.

Although it has been necessary for authors to show the high rate of

failure, the reasons for new product failures are, probably, of

greater interest in any attempt to improve the design of products and

their management,

Cooper (1983), in his very useful paper, has investigated various
case studies by others on the reason for success and failure of new
products. He has ascertained that new products are more likely to be
successful if the Company understands user requirements and provides
'rﬁarket pull' type products. It is also an advantage to have a

product champion and effective communications both inside and outside
of the organisation. The most common reason for product failure was
found to be" overwhelmingly" due to inadequate market analysis and
this main reason for failure had not altered over seventeen years in

research studies. Conversely, for product success, "correct

identification of an existing demand was the critical common
ingredient”, was a typical main finding along with efficient
development, key individuals and a clear product advantage over the
competition. Although there were "no easy explanations for what
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makes a new product a success" (Cooper op. cit.).
Looking at other studies Turner (1983) states that:
"Surveys have shown that about two thirds of all
products considered to be technical successes are
commercial failures”.
This suggests that failure lies in the original market research,
'concept vulnerability' (Pugh 1984), or failure in the way that the

final product is marketed.
In 1979 Sir Kenneth Corfield identified the separation of design

and marketing in British Industry as a major contributory factor to
the country's poor achievement in commercially successful innovative
product design and Twiss (1980) observed:

"There is substantial evidence from both sides of

the Atlantic that a market orientation is still

woefully absent in many decisions and that is a

major source of failure".
Bright (1968) has listed the causes of success and failure from his

research of technical innovation.

"The most critical of these are:

1) Market orientation

2) Relevance to the organisation's corporate objectives

3) An effective project selection and evaluation system

4) Effective project management and control
5) A source of creative ideas
6) An organisation receptive to innovation
7) Commitment by one or a few individuals"”.
J. Bjoihsten (in Neibel and Draper 1984); Rockwell and Particelli
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(1981); and Dieter (1983) have also investigated this area.

Such findings have been of use in this research to guide towards
important areas of investigation and provide a framework on which to
structure the prescriptive design process manual.

Buggie (1981) shows a typical curve of cost of design against time
(fig. 2.3b). This demonstrates that a high investment needs to be
made before the product is placed into the market and that a period
of rising sales is needed before the new product becomes profitable.
As many products do not become profitable the overall success and
survival of a company often depends on the profitability of a few
products whose success must recoup not only the investment made in
its design, but also the investment made in new product failures.
This argument has been taken further by Starr (1963) who says:

"A company which fails with a new product must consider
not only the lost investment, but also the cost of lost
opportunities due to not having used that investment

in another way".

Therefore, reducing new product failures would improve the
profitability and perhaps the survival of ‘the company. The next

section demonstrates where the effort to obtain improvement should be

concentrated.

2.4 The Low Cost End of Design
Some researchers have compiled tables showing the cost of various

stages of design., These have been shown next to the main steps on
the Design Activity Model for ease of comparison in figure 2.4.a and

are summarised on figure 2.4.b. This figure demonstrates that the
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cost of the early stages of the process of product design, where the
main design direction is taken, is the low cost end and costs are
mich greater in the later stages.
Johne (1985) refers to work at the front end of design as being
relatively low cost,
"We regard the increased emphasis given to 'up
front analysis', in many firms as a particularly-

important refinement of product innovation initiation

procedures"”.

It can be argued that, if the problems and possible sources of
error could be confronted at the early stages of design there would
be a greater possibility that errors in the product, be they in the
market research, design or production, could be eliminated at this
stage and that these errors, or even wrong products, would be
prevented from being carried through into the high cost end of design
or into production.,

Therefore, out of the literature on product failures, where these
failures occur and the cost of various stages of design, we can
distil that the overall emphasis in design management should be at

the front end of design.

2.5 Organic and Mechanistic Structure

It is necessary to show what type of organisational structure is
needed to operate product status effectively. This is described in
this and the next section.

In the mechanistic system the problems can be broken down into

specialisms "as if it were the subject of a subcontract" (Burns and
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Stalker 1961) and direction is by formal rules and is typified by a
pyramid type of commumnication and organisational chart., The organic
system has a more 'lateral' type of communication and "tends to
resemble lateral consultation rather than vertical command". (Burnms
and Stalker op cit.)

Research or comment by Ansoff and Stewart (1967); Design Council
(1985); Herriot (1985); Woodward (1965); Parker (1982); Johne and
Snelson (1988); Takeuchi and Nanaka (1986); Cooper (1984), all
confirm the findings of Burns and Stalker.

It appears that the mechanistic structure is more efficient, faster
and easier to operate where change is limited, but as design, by its
very nature, involves constant change ‘it would appear that an organic
structure should be proposed throughout and all should be involved,
even though it may be more difficult to operate. It has also been
shown in some studies that the organic system is also more popular

with workers (e.g. Fullan 1970).

2.6 The Design Team Structure
Since 1962 the idea of Quality Circles has been found an effective

way to improve the quality of products. Quality circles have been
defined by The Institute of Quality Assurance as:

"Small groups of employees who meet regularly to solve problems and
find ways of improving aspects of their work".

In essence the quality circle may be thought of as a process design .
circle that considers aspects of the manufacturing process and design
of the product with a view to improving its production.

Oakley (1984), referring to reviewing products, states:
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"the most effective way is often to use small groups of
employees drawn from different parts of the company to
evaluate products and designs. For some time this approach
has been increasingly used with success to tackle
mamufacturing problems - readers will be familiar with
the term 'Quality Circle' often used to describe this
group activity. There is no reason why 'Design Circles’

should not operate in the same mamner and, in fact,

they have been for many years, but they are usually
called value analysis groups". (pl23)

Oakley does not further expand on these Design Circles.

This author also uses the term Design Circle to describe small
groups of people, these groups not only look at existing products,
but also look at the design of new products from the market research
phase downwards through the whole design process. This is described
in section 3.1

2.7 The Product Life Cycle and S-Shaped Curve

The purpose of the next three sections is to find the link between

product status and the Product Life Cycle (PLC) and S-shaped curves
and then to apply the disciplines associated with the PLC and S—curve

to the theory of product status.

The PLC has been used by many writers to describe the market
characteristics of a product over it's life. There is general
agreement that products pass through four phases, introduction,
growth, maturity and decline, although the terms used to describe

each phase may vary. The usual shape of the product life cycle curve
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is shown on figure 2.7.A.

Abernathy and Utterback (1975) have proposed that the product life
cycle affects the management process and leads to the adoption of
different structural forms at different points of the product life
cycle based on the varying tasks needed at each phase. This has been
expanded by other writers who have also added product characteristics
that accompany a product at the four phases of the product life cycle

(Doyle 1976; Parker 1978; Hirsch 1965; Tracy 1980; Cowell 1984;
Abernathy 1978; Dowdy and Nikolchev 1986). These are shown in table

2.9.A

Unfortunately, the general shape of the product life cycle curve is
not consistent. McLeod (1969) shows various forms of the curve, with
explanations and in empirical studies of the product life cycle, Rink
and Swan (1979); .Nichols and Roslow (1986); Midgley (1981) have
determined a variety of shapes that occur in practice.

Doyle (1976) believes the product life cycle is not a "foundation
for decision making" but is "vacuous, empty of empirical generality
and positively dangerous if used as a guide for action".

The S-shaped curve has been shown in various forms by writers for
example, Klein (1977) figure 2..7.B; Deasley (1986) figure 2.7.C;
Parker (1978) figure 2.7.D. Nichols and Roslow (1986) show one by
Fox and Wheatley (1978) figure 2.7.E. Like the PLC various writers
have commented that too many variables and inconsistencies occur that
make the S-shaped curve unsuitable for prediction, among them Nichols
and Roslow (1986); Klein (1977); Thackray (1983).

Therefore, the PLC and S curve provide little benefit, as they

stand, in product design, but if they can be related to product
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status then product and company characteristics associated with these
curves could become usable tools in the design process. This
relationship is discussed in section 2.8 and the identification of

useful characteristics related to status is shown in section 3.1

2.8 Relating the Product Life Cycle and 'S'-Shaped Curve to

Product Status

Nichols and Roslow (1986), referring to the product life cycle,

note that:

"In the first three absorption stages - product

introduction, market growth and market maturity -

a so—-called 'S-shape' curve is recognisable”.

Certainly both curves have a base of time, but, whereas, the

product 1life cycle has a vertical axis of sales, several vertical
axes are used when S-shaped curves are described. For example,
'sales volume' is used by Nichols and Roslow (1986), 'cumulative
percentage of adoption' (Parker 1978 pl25), 'return on investment'
(Deasley 1986), 'performance function' (Klein 1977). Nichols and
Roslow (1986) argue that if sales is wused as the vertical axis the
'S'" curve shows the distributions due to market forces etc. and
becomes as inaccurate as the product life cycle. 'Return on
investment', though, must be related to sales, whereas, 'cumilative
percentage of adoption' can also be related to 'sales', until the
product reaches maturity whereupon factors are introduced which can
confuse the issue., For example, with televisions the cumulative
percentage of adoption of this mature product remains high, although,

potential sales are generally in the replacement market and may be
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declining due to increasing product reliability.

Dowdy and Nikolchev (1986) show a curve of the product life cycle
(figure 2.8 A) which shows that a product may decline or be renewed.
This renewal ties in well with Klein (1977) who, by using
'performance function' as the vertical axis, allows for products to

be conceptually changed and improved over an indefinite period.

Unfortunately, performance function is an unclear measurement of

product improvement and may mean an increase, such as, speed of an

aircraft or a reduction, such as, fuel consumption or weight. This

being so, it is still possible to compare Klein's (1977) S-shape

curve form with other S curves and, with the 'absorption' stages,

with the PLIC.

The declining phase of the PIC is of no interest in this research,
as a product at this position is probably dynamic or potentially
dynamic and a company, perhaps, should not be considering designing a
product with a declining demand but be designing the product that is
to replace it to restart the next introductory phase of the curve.

Jones (1970) has suggested that products improve in steps followed
by a stable period. (Figure 2.8 B). He also uses the 'performance
of the system' as the vertical axis but has a base of 'complexity of
system', It is argued that the complexity need not increase and with
certain aspects of partial design, such as Value Analysis, may

actually decrease.

The status curve uses Klein's (1977) denominations of axis of
performance function to a base of time, but, whereas, S curves and
the PLC are considered by writers to be important in themselves to

show progression of a product, in the principle of product status no
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attempt is made to measure the status curve and it is used only to
provide clarity in demonstrating where a product is positioned at any
point in time. As it will be shown how to identify if a product is
static or dynamic (section 7.3) it is worthwhile relating the status
curve to the PLC and S curves and to then read across the product and
organisational featurgs of these to show the advisable course of
action to be followed when designing a product at the known position

on the status curve. These are shown on table 3.1.B.

The early or introduction phase is equivalent to a dynamic product.
In the growth phase the product may still be dynamic or newly static
(Static 1) and in the mature phase the product is on the static

plateau (static 2)but may be approaching conceptual vulnerability

especially if it is beginning to decline.

The curves being inconsistent, a product may continue to grow or
become mature, the length of the mature phase may be short or long
and may be followed by decline or renewal. This very inconsistency
highlights the strength of product status where the curve itself is
of little importance, what is important is the situation that exists

within companies and the environment at that particular time.

2.9 Design Disciplines that Accompany a Type of Desipg

Throughout this research various techniques that accompany design

have been identified that are of benefit in the organisation and
process of design. There is no one word that accurately describes
all these packages of techniques but the one chosen and used
throughout is 'Discipline', the dictionary definition of this

includes the words 'system, rule, method and arrangement’.
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Therefore, although certain activities cannot strictly be termed
disciplines, such as financial control, seeking innovations outside
of industry and emphasising market pull products, these and other
activities are referred to under the heading of 'Design Disciplines’.

Having established the link between product status and the product
life cycle and 'S' shaped curve (section 2.8) it is now possible to
‘tease out' relationships that others have made for the design,
production and marketing of products at certain positions in the
product life cycle and 'S' curve and include these in a list of
disciplines associated with the relevant product status. (Table
2.9.4)

The contents of table 2.9. A has been rearranged to show what
should be emphasised in the design and this time it is related to
product status., This is shown on table 3.1.F.

There is disagreement in some of the literature on what is found in
companies producing products at certain points in the product life
cycle. For example, Tushman and Nadler (1986 p25) suggest that
during the growth period only minor product design is undertaken.
This author would argue that during the growth period the design
emphasis may alternate between process or product and product design
is important during this stage. Further during the mature period
they state that only minor process design is carried out. There is

clear evidence to show that process design is of prime importance
when the product is mature and this exceeds product design. This is
covered more fully in section 2.12.

In the production of a mature product authors (e.g. Parker 1982,

Cowell 1984) have emphasised the importance of mass production, which
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What Researchers have Observed Occurs at Different Stages of the

Product Life Cycle and S Shaped Curves

Introduction

Concept Generation and
R & D Support

Design & Product
Characteristics

Management
Industry Structure
and Competition

Capital Intensity

Critical Human Inputs

Price/Demand
Structure and User

Distribution and
Marketing

Production

Technical push and customer pull will
operate to generate change, uncertainty.
Short, rapidly changing techniques,
radical concepts, many attempts,
dependence on external economies,
prototypes, key patents, concern for
secrecy, alternative uses of available
science, special investigations.

Improving but poor quality and reliability,
innovation, major product design. Primary
emphasis on technical/functional design.
Imaginative leaps and rapid change,
competing design philosophies and
strategies. No standards, some disasters,
attractive functional performance.

High commitment to change.

Entry is know-how determined, numerous
firms providing specialised services.
Competition innovative. No close
substitutes.

Low, high risk. R & D costs considerable,
speculative, minimum commitment of
resources. Cash flow negative.

Scientific, engineering and technological.
Labour intensive, organic structure, lateral
commmnication, flexible commmication.

High price, price inelastic, sellers market,
demand high, novelty performance and price,
exploratory user early adaptors. Profits
low.

Poor distribution. Reliance upon internal

use, close customer linkage. Uncertainty
of market needs. High promotion costs.

Minor process design, short runs, limited
production equipment, flexibility, low cost
production less important, labour intensive.



Growth

Concept Generation and
R & D Support

Design and Product
Characteristics

Industry Structure
and Competition

Capital Intensity

Critical Human Inputs

Price/Demand
Structure and User

Distribution and
Marketing

Production
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Uncertainty of technology largely dispelled.
Technology stabilised. Intensive applied
research for design and production back up.
Search for new product uses. Variations in
techniques still frequent.

Minor product, design improvements and new
development. Designed additions and sub-

tractions for market segment, pressure for
standardisation but with flexibility to out

do emerging competitors.

Growing competition entry causing pressure
on prices and costs. Product competition
stronger and based on minor improvement in
product. Many casualties and mergers,
Growing vertical integration.

Great demand for new investment. Problem

of containing expenditure relative to
inward cash flow. High capital intensity
due to high obsolescence rate.

Scientific and technical personnel less
important. Management.

Higher demand, price declines, knowledge
and use of the product becomes more wide-
spread., Use penetration price elasticity.
Customers purchase more on price
considerations. Early majority, profit
margin peak.

Widening market, promotion costs spread
over a larger volume. Uncertainty of
market largely dispelled. Increased
availability, market segmentation. Rapid
reliable improved distribution.

Larger volume production, cost reduction,
capital investment, longer runs, product
standardisation, major process. Standard-
ised production techniques. Mass or volume

production becomes sensible. Larger batches

and flow processes if applicable. Economies
of scale.



Maturity

Concept Generation
and R & D Support

Design and Product

Management

Industry Structure
and Competition

Capital Intensity

Critical Human Inputs

Price/Demand
Structure and User

Distribution and
Marketing
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Few inmovations of importance. Technology
stabilised, immovation under growing
pressure. Stability in core concepts.
Technical solutions known, continuing
emphasis on cost saving, increase concern
with behavioural aspects, methods used.

No significant improvements. Cost
dependent. Design for minimum user costs.
Product developments largely exhausted.
Minor product design. Cost economies are
used up., Product attributes known.
Technical change still rapid but increasing
emphasis on human design. Stress on cost of
design and it's effectiveness., Stress on
use of standards.

Political considerations may become
important. Management and financial
systems. Attention to group size.

Market saturation, overcapacity,
substitutes prevalent, number of firms

declining, fierce competition. Monopoly
or cartel structure. Large sized companies
may yield sufficient economies of scale to
drive rivals out of business. Commonly
accepted precepts of competitive -
advantage. Market segmentations.
Specialisation.

High, due to large quantity of specialised
equipment, major inward cash flow.

" Profit decline.

Unskilled, semi-skilled labour. Scientific
and technical manpower becomes progressively
less important. Mechanistic structure most
appropriate, specialisation. Engineering
persomnel.

Inelastic demand, customer sophistication,
buyers market. Information easily

available. Sales growth slows. Impact on
society. Late majority. -
Stability of market needs. Market

attributes known. Product 'images' for
designed features of quality etc. Emphasis
on purchasers lifestyle.
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Production Application of computers. Long runs and
stable technology. Capital intensive and
mass production methods are virtually
obligatory for survival. Low wage cost
factory location for multinationals. Minor

process design. Synergy.

Decline

Concept Generation Technical advance may cause decline. Decay

and R & D Support or transformation. Withdrawal of R & D but
watch for features to prolong or transform
product life.

Design and Product 'Model! changes. Minor improvements.

Characteristics

Management Pressure to shut down inefficient plants.

Industry Structure Overcapacity. Reduction of Manufacturers.

and Competition Inexpensive ways of beating competition.
Failures.

Capital Intensity Problems with maintaining profitability.

Price/Demand Fashion and tastes changing, price

Structure and User competition may cause decline. Product
substitution. Social impact on item.
Laggards.

Distribution and Stress on user appeal. Low price and up

Marketing market. Design - ongoing standards.

Production Level of output declines.

Sources

Abernathy W J, Clark X B and Kantrow A M (1983); Abernathy W J
(1978); Cowell D W (1984); Dowdy W L and Nickolchev J (1986);
Hirsch S (1965); Parker J E S (1978) pl0O-14; Tushman M and Nadler D
(1986); Utterback J M and Abernathy W J (1975); Doyle P (1976);
Gregory S (1985); Tracy P (1980); Donaldson L (1985).



35

is correct for certain products, but many products that are mature
and have been for many years, never reach the production volume that
justifies mass production techniques. This research allows for this
by using 'Static 1' for ali products and introducing the disciplines
of 'Static 2' only when production volume makes them viable.

Some writers (e.g. Nystrom 1979) have simply viewed a product
design as innovative or evolutionary, or two similar terms that can

be equated with dynamic or static design. In mahy cases these

writers then proceed to describe the organisational, production or
marketing features that would be associated with these typeé of
design. It has been observed that survival is the main aim of a
company (Drucker 1954) and, therefore, it may be assumed that these
structures give the greatest "fitness for survival” (Darwin 1859) in
their enviromment and also their methods and structures are "the best
way" (Taylor 1911). Nystrom (1979) shares this viewpoint,

"The classification of companies as more or less

positional or innovative thus reflects the company's
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