Aston University

Some pages of this thesis may have been removed for copyright restrictions.

If you have discovered material in AURA which is unlawful e.g. breaches copyright, (either
yours or that of a third party) or any other law, including but not limited to those relating to
patent, trademark, confidentiality, data protection, obscenity, defamation, libel, then please
read our Takedown Policy and contact the service immediately




STUDY OF NEW PRODUCT MARKET SEARCH

A
AND USER ADOPTION.
Volume I
. i Thesis, submitted for consideration

for the award OF”DDEiQfZéf/PEilgédﬁﬁy;i;,e 

by Michael William Commander

December 1978.




Adoption

by Micheel William

submitted for the auard of Docior of
Decemher 4S78
SUMMERY

The research was carried out in the Aviation ODivision cf

Dunlop Limited and was initiated as a search for more diverse
uses for cerbon/carbon composites. An assumed communication
model of edoption was refined by introducing the concept of =2

two way search after meking cross industry comparisons of
supplier and consumer behaviour.

This research has examined methods of searching for neuw uses
for advanced technolocgy materials. Tuwo brosd approsches

vere adopted. First, a case history approach investigeted
materials that had been in 2 similar positicn to carbon/carbon
to see how other material producing firms had tackled the
problem. Second, & questionnaire survey among industrialists
examined: the role and identity of material decision makers
in different sized firms: the effectiveness of verious infor-
mation sources and channels; and the materiel adoption heabits
of different industries.

The effectiveness of selected information channels was further
studied by monitoring the response to publicity given to
carbon/carbon.

A flow chart has been developed from the results of this
research which should help any material producing firm that
is contemplating the introduction of a2 new material to the
world market.

Further benefit to our understanding of the innovation and
adoption of neu materials would accrue from work in the
following areas: "micro" type case histories; understanding
more fully the role of progduct champlons orT promoters; 1inves-
tigating the phase difference between incremental and radical
type innovations for materials; examining the relationship
between the adoption rate of neu materials and the advance of
technology; studying the development of cost per unit funct-
ion methods for material selectiong and reviewing the bene-
Ffits that economy of scale studies can have on material
develapments. These are all suggested areas for further
work.

MATERIALS : INNOVATION : CASE HISTORIES : COMMUNICATION
ADOPTION : ORGANISATIONAL BEHAVIOUR = DECISION.
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PREFACE

The interdisciplinary nature of this thesis makes it unigue

from treditional type theses. It will become apparent to

the reader that a wide range of subject areas have been

covered. This =2

o]

ose becsuse the problem cculd not be tree-
ted in isclation, but rather it had to eaccount for the many
pressures that were generated by different guarters uwhen
working in an orgenisation such as Dunlop. The thesis con-

tent is based on experiences gained whilst working in and

for an industrial orgenisation and this in itself is unigue

from many theses.

I am grateful to several organisetians and many individueals

—

who have assisted in this research. The Totzl Technolog

<

Option of the Interdisciplinsry Higher Degrees Scheme at The
University of fston in Birmingham provided me with the appor-
tunity of studying for a higher degree whilst working 1in
industry. Dunlop Limited employed me during this period of
research and provided both the problem and also my salary.
The Science Research Council also contributed with a Research

Studentship.

Mr. S. A. Gregory, as the main supervisor spent many hours
with me both cuiding and cajoling. fipart from co-ordinating
the whole supervisory team, he also inspired me by contribut-
ing many useful insights from his wide experience.

Mr. S. N. Woodward from the London Business School acted as

one of tuo associate supervisors for the second and third

years of the research. His marketing expertise helped immen-

sely, whilst his general rationale continually put many




espects of the research in perspective. Mr. N. Smith

(ex ODunlop) in the position of associate supervisor from

Dunlop spent many useful hours guiding the research to
ensure its worth for industrial oroasnisations.
Or. D. J. van Rest, as the IHC tutor not only helped guide

the project but 2lso smoothed many of the bureaucrati

@]

problems that arose. Without the assistance and det

©

r-
mination of Mr. R. Brooks at Dunlop Head Office this pro-
ject would never have germinated. Thanks are due to him
for getting the idea of the research accepted by Aviation
Division and also helping it through several turbulent
stages. Recognition must also go to fMr. R. Harrison (ex
fston University) who, as associate supervisocr during tne
first year of the research helped formulate its direction.
Or. R. Fisher, who not only took over responsibility of
associate supervisor during the last few months of the

project also helped throughout in developing my technical

understanding of carbon/carbon.

Many other people not directly associated with the super-
visory aspects of the research also contributed greatly.

In particular, Dr. J. V. Weaver of Dunlop helped immensely
throughout the research, giving up much of his time to

offer an "erms-lenogth" view of the project as it progressed,
and kindly commenting on earlier drafts of this thesis.

Mr. M. K. Hussey (Aston University) also gave freely of his
time to help with the statistical analysis involved during
the research. Professor T. J. Barnby at the Metalluragy

Department of the University also helped by allowing




participation in & mailing drop to many industrial organi-

sations. Professor J. Pick of the Mechanicasl Engineering
Department also gave freely of his time and helped with the

development of some of the case histories.

There are also many people who helped specificelly with the
compilation of the case histories: Mr. I. Lowe &t ICI
Plastics Division who made available previously unpublished
records of polyethylene; Or. H. Child of Aston University
who helped with the silicon nitride and titanium history;
the Admiralty Materials Laboratory who helped with silicon
nitride; Professor W. Alexander (ex Aston University)

also contributed greatly to the titanium story, as did
various people from IMI and ICI; and many people at Dunlop

aided the detailed history of carbon/carbon.

Secretsrial assistance on the project was provided by the
IHD Scheme and various parts of Dunlop. I am grateful to
Miss Anne Steel for typing this manuscript to a tight

schedule.

A fimnal word of thanks must also go to firstly my wife,
Frances, who helped with meany of the tedious tasks, and
revived me when I uwas feeling low; and secondly to my

Father who has inspired many of my actions.




I NTRODUCTION

1.1 The Organisational Environment for the Research 1
1.2 Aviation Division of Dunlop 3
1.3 The Problem Identified 6

1.1 THE ORGANISATIONAL ENVIRONMENT FOR THE RESEARCH

This thesis describes the research carried out by the author
whilst employed within the Aviation Division of Dunlop Holdings
Ltd. The division is part of the Engineering Group, which
forms one of the major operating units of the company. The
author worked in the Advanced Materials Laboratory, as indic-
ated in Figure 1.1, which shouws part of the organisational
structure for Engineering Group. Much of the work was car-

ried out in collaboration with the Sales and Publicity Depart-

ments.

The research initiated by Dunlop and Aston University was

guided by the Total Technology scheme - which is itself, a
branch of the Interdisciplinary Higher Degrees Scheme.

A supervisory team of five quided the project. The main

supervisor was a University chemical engineer who had a

keen interest in innovation studies, and the others were a



B T G

A3ToTTOnd | | _ ]
| A1o3eI0QET)
sTeTIa} Ry
_ paouenpy AlojeloQge’)
. _ A41TTOE 4 _ !
FiklﬂFlL Buranjoeynuey _
SaTesS juswdrinbj uoglea /uoqgle] 1sTbIanTrE38Y e
}4B101Ty A1e3TTTY 1abeuey 48140 1 1
L i i I b1 1 1 | _ _
_ T
Iaautbujy
Iabeuey saTes 487T4] _ _
,v _ L 1 ____ | _,“__
UOTSTAT(Q ‘UoTSTNATIQ UOTSTATQ
UOT3ETAY juswdinb3 % JuUEBTd suoTsuadsng
40 1030831TQ 40 10328171( 40 103281T1(

dnoiqg 6Butissutbujy

40 10308171(Q .

dnNoY9 INIHIINTINT

JH1 40 LHYd Y04 3YNL3INYLS NOILYSINVIHO

[*1 8anbT




S e

Visiting Lecturer in marketing froﬁfthé,LgndQn Business
School, an 1.H.D. tutor from the University, the Chief .
Metallurqgist from Aviation Division and & Career D6velﬁp=3”

ment Officer from Dunlop Head Office.

1.2 AVIRTION DIVISIGON OF DUNLOP

Dunlop has been associated with aircraft landing gear since
the beginning of the century. Aviation Division was formed
in 1925, and today provides a wide range of ancillary equip-
ment for all types of aircraft and helicopters. Products
include not only tyres and uheels but also brakes, brake
control systems, specialised hydraulic and pneqmatic compon-
ents and de-icing equipment. The research reported here 1is
concerned solely with one of the materials used as a brake
material - namely carbon/carbon¥. Canventional zaircraft
brake linings are made from sintered cermets (metal and
mineral bases), but in recent years, much development work
has taken place with new materials such as beryllium+ and

carbon/carbon.

Successful development work with carbon/carbon led to the
material being used for the brakes on Concorde; see fFigure
A.10 of Appendix A. Concorde is presently the major user
of carbon/carbon brakes, although same Super VC 10 and

Harrier aircraft are also fitted with them. Carbon/carbon

¥ Carbon/carbon is a carbon fibre reinforced carbon composite
material. A more detailed description of the material can
be found in Chapter 3 and also in the case history of

Appendix A.

Beryllium has not been used as 2 lining material but rather
s a structural member carrying other lining materials.



has gained success in this area, largely because of its 
good strength/weight ratio coupled with some remarkable
thermal properties - good conductivity, high specific Héat;\
a2 high thermal shock resistance, and a high operating temp-
erature capability. Table 1.1 below illustrates carbon/

' . . . . .
carbon's properties in comparison with some other materials.

Table 1.7 Some typical values of the general physical and

mechanical characteristics for carbon/carbon composites are
given in the table belou. The same properties are compared

with aluminium, steel, a metal impregnated carbon and CFRP.

Metal

Carbon- Impregnated

carbon Aluminium Steel carbon CFRP
Density (g/cc) 1.6 2.78 7.86 2.8 1.34
Temperature
capability (°C) 2500%* 260 - 150 750 300
Modulus of
Elasticity
(GN/m?) 12 70 * 207* 2 109*
(X106 p.s.i.) 1.7 10 30 0.3 16
Flexural
Strength
(MN/m?) 100 427* 1990* 9 1410%*
(X103 p.s.i.) 15 62 290 1.33 204
Coefficient of
Thermal
Expansion
(10°°/°C)
Longitudinal +0.5 +24 +11 +5 -0.7
Transverse +1.0 - - - -1.0
Specific Heat
(cal/gm°C) .168-.46 .22 .12 .17-.45
at temps.

quoted (°C) (20-1000) (15-185) (20-100) (20-1000)

*Strength and modulus quoted are the maximum possible at the
upper limit of their temperature capability.
**[n inert atmosphere. (300 in oxidising atmosphere).

With the advent of a successful use for carbon/carbon,
Aviation Division invested in a manufacturing facility,
which opened early in 1975, see Figure 1.2, This has put
Dunlop in the position of being the sole commercial manu-

facturer of carbon/carbon products in the United Kingdom.



Figure 1.2 The Dunlop Carbon[Carbon Manufacturing

Facility

| Wugration removed for copyright restrictions |
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1.3 THE PROBLEM IDENTIFTIED

The project was set up during the summer of 1875, just
after the manufacturing facility had begun productiocn for
the Concorde programme. An air of despondency had settled
over the aircraft industry prior to this, with the uncer-
tainty of nationalisation taking place in the near future -
see The Engineer 5th September, 1974, page 52. Not only
that, Concorde was beginning to look less of a success, as
Wilson had by that time suggested, with many airlines not
taking up their options to order aircraft. 0f the seventy
four options originally taken out by the wvorld's major air-
lines only nine of the sixteen built have been sold - five
to British Airways and four to Air france in July of 1872,
It was against this background, having realised that reli-
ance on one customer is risky that Dunlop decided to look
for alternative users whilst utilising the existing manu-

facturing facility.

Dunlop was and still is the only commercial producer of
carbon/carbon in this country. Such a strong manufacturing
position does not houwever make the search for users any the
easler. There are several problems associated with finding
other uses for this material. Firstly, it is a comparatively
new material, being a spin-off from the technology developed
by NASA with their space programme. It was therefore, vir-
tually unknown outside the aerospace industry. Secondly,
the manufacturing methods require a high degree of expertise
for such an advanced technology material. This, coupled with
the fact that the rau materials are expensive and production

is part capital and part labour intensive makes the end pro-



duct very expensive. Thirdly, the Advanced Materials
Laboratory - whose function is: to assist with produdtion
problems, undertake quality control measurements and invest-

igate new manufacturing methods for conventional steel brakes

and carbon/carbon =~ uwere unlikely to be able to mount &
search for new carbon/carbon users. There were several
reasons for this - (z) their traditional function was com-

pletely alien to searching for new material users (b) they
had no spare people and (c) it is unlikely that such pecple
would have had the ability or correct outlook to perform
such a task anyuway. Fourthly, there appears to be no sys-
tematic approach for a materiel producer to follouw when he

does have a new material and mounts a search for new users.

The research project originally intended to find new markets
for carbon/carbon but was amended to investigate the commun-
ication patterns in a search operation for any new material
producer. Those methods that uere successful would then be
applied to carbon/carbon with the aim of developing new pro-
ducts for the material, essentially outside the aerospace
and military sectors of industry. However as the research
progressed it became clear that little was knouwn about how
decisions are made regarding material selection or houw new
materials are adopted into an organisation's products and
process equipment. Accordingly, an examination of these

areas has formed a major part of the research.
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2.1 IHE WORK

Broadly speaking, the research for this project followed
just two paths. The first, a case history approach evolved
because material producing companies throughout the world
have at some time or another faced the problem "houw do we
find uses for this new material?" Dunlop were obviously
not the first to encounter such a problem, so it seemed
reasonable to see how others had tackled the problem, with
the aim of learning from their experiences. The second area
of research stemmed from the observation that every product
producing company makes decisions either explicitly or impli-
citly about materials. In some cases the decision making
role is made by individuals, in others by groups and still
others are made by networks of interested parties. The aim

of the research therefore was to find out who the decision



makers were and houw they kept up-to-dete with material devel-

opments. This work revolved around a survey entitled

"Decisions on materials™,

2.1.1 CASE HISTORIES

Although case histories on material innovetions have previous-

ly been compiled by various authors (see Chapter 5) none deal
explicitly with the wvay in which the material producer has

found users for his material. The present study investigates

the business aspects of innovation rather than the technical,

and in particular examines the search operations that have

-

been used to find neuw products for new materials. Such
cases, it was hoped, would show either similar or dissimilar

patterns.

A list of candidate materials were drawn up under five head-
ings - the elements, metals and their alloys, ceramics,
organic polymers, and composites. These headings are suf-

ficiently comprehensive to give confidence that no obvious

materials have been missed, see Table 2.1.

From this list and using the selection criteria shown in
Table 2.2, a possible fifteen materials uwere chosen for
study. This selection criteria was favoured for its simi-
larities with carbon/carbon. Of the fifteen chosen mater-
ials although introductory information was gathered on many
of them, only four were written up: titanium - a metals;

silicon nitride - a ceramic; polyethylene - an organic

polymer and carbon/carbon - a composite. These are com=-

piled in Appendices A to D.

-
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Table 2.2 Selection Criteria for Material Case’Studiés

The materials should be:-

- new at time of launch

- expensive at time of launch

- of the 'problem-push' type rather than 'need-pull’
wherever possible

- those with good, reliable information sources;
which was obviously not known until a first selection
had been made and some effort had been put into

finding information about the history.

Detailed case studies consume a considerable expenditure of
time, and a decision eventually had to be made betueen the
time spent gathering further information and writing=-up
cases, and the benefit accruing from such research. Four
cases were deemed to provide sufficient material for analysis
when compared with the few other published cases that deal

with similar aspects of the innovation process.

The method used to discover information about the materials'
history is described individually in the preface to each
case study. In general though, information was gathered

in the first instance by studying appropriate abstracts and
journals - and case histories where available - to build up
an overall vieuw of the sequence of events with a material.
This was a necessary preliminary as it enabled the compiler
to talk sensibly to those directly concerned with the inno-
vation. Contact was then established with various organi—l

sations and institutions to try and pin-point the key




i
3

= 32:;//
individuals and organisations involved uwith the deveiopment
of the materials. The key individuals were then approached
with detailed guestions about the history of the innovation.

In all cases this enabled a more complete picture to be built

up than 1is published in the literature. Difficulties did
houwever arise. For example, with polyethylene many of the
key individuals with ICI had either retired, or died. The

individuals that were interviewed were prepared to discuss
the innovation but their information was secondhand. Most
of the polyethylene history therefore relies on previously
unpublished company records. Conversely, a more recent
material, silicon nitride, posed problems of a different
kind because much of the information is still classified for

commercial security reasons.

2.1.2 SURVEY - "DECISIONS ON MATERIALS"

1t became apparent whilst working on the case studies that
for all the product ideas being suggested ta the material
producer, there was someone Or same function responsible with=-
in the potential user's arganisation who took the decision
to investigate that new material. This person - OTr persons
- was dubbed the "material decision maker". 1t appeared
that to get a new material into a potential user's organisa-
tion one had to influence this material decision maker.
Because of this, a survey was proposed - the aims of which
vere to show:

a) whether or not there were persons responsible for

material decisions.

b) the number of persons involved in such decisions,



c) the relative importance of material innovation in

comparison to product innovation and process 1inno-.

vation,

d) which information sources uwere effective for material
development neuws.
L e) which information channels, within some specified
sources were effective for (i) business news and
(ii) material development neus.
| f) the current level of awareness of some "neuw" materials.

o) the rate of adoption that could be expected for a neu

1 material® into a user's products or processes.

h) whether company size had any effect on a) to g).
i) uwhether a) to h) varied at all acraoss different

industrial sectors.

Such a survey necessiatated contacting many individuals in
many organisations from a variety o% industrial sectors.
After due consideration a postal guestionnaire technique uas
chosen rather than personal or telephone interview methads

having compared the advantages and disadvantages of the var=-

ious methods. As an example, the advantages and disadvan-

tages of postal guestionnaires are shown in Table 2.3,

+ . .
Copies of the guestionnaire with cover letter (see figures

2.1 and 2.2) addressed to the material decision maker were

¥ A neuw material has been defined as any material regarded
as new by the adopting organisation. This allows materials
that have been available for many years to be included in
the 'new' category provided they are seen as new by the

adopter.

The questionnaire shown in figure 2.1 is a copy of that
sent to organisations within the aerospace sector af
industry. A1l the questionnaires were identical for each
industrial sector except for questian 9. The 22nd and
subsequent information channels mentioned in gquestion S
varied according to industrial sector.
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Table 2.3 Comparison of the Advantages and Disadvantages

of Postal (Questionnaires.

(As indicated by

A. Wilson in his book "The Assessment of Indus-

trial Markets",

Programmes)

Edvantages

Economic

Reach respondents who
might otherwise be dif-
ficult to intervieu.

No geographic barriers.

1973, Cassel/Associated Business

Disadvantages

Identifying respondents can
be difficult.

Judging whether respondents or
non respondents are important
can be difficult.

Only a finite number of guest-
ions can be asked.

- Questions needing con=-

sultation can be ans- - Ambiguity of questions may be
wered. present.
- Enables the respondent - Whole of guestionnaire visible.

to move at his ouwn paces
- "Position bias" should be taken
- Can give complete into account.
anonymity.
- Inability to adjust survey
direction or questions without

a complete re-circulation.

- Questions requiring the
consideration of a num-
ber of options can be
presented easily.

- Interviewer bias and time
bias reduced.

then sent out in two batches. The first experimental batch
went out with a University mailing drop to all the Birmingham
member companies of the C.B.I. The mailing drop was the
introductory stage of the Metallurgy Department setting up a
Materials Technology Exchange Unit. One thousand coples were
sent out based on the Metallurgy Department's interests and
consequently there was no control on which companies the

survey would reach, It was just as likely to go to a retailer
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Figure 2.1
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DECISIONS ON MATERIALS

(Aston University)

Please return to :

M.W.

Commander

I.H,D, Office
The University of Aston in Birmingham

"~

G

The aim of this questionnaire is to help formulate a picture of
have in promoting new structural materials, and to discover the
findings of the questionnaire will be made public to interested

Do you wish to have a copy of the findings ? Y[::7 N[::7

I£ Y, the address iS ! .(.iiiissesccascccsoccsavsssssssanns

R

What involvement do you have in deciding which structural
materials are to be used in your products, and, or processes
within your organisation ?

sole decision maker [::7member of

decision team [ ]

no involvemen‘:Dother capicity (please specify)

taecereereseacitssasestcaesanaas

(As an sxample, decision makers could be engineers,
designers, buyers atc),

If you are a member of a decision team, now many are in the

team ? L iiiieecesaeenenen

Which area of innovation are you interested in ?

za\:erialcjprocess ijroduct Uother Cj

gources (for new material
following ? (PLEASE TICK)

How orffective, as information
developments) do you find the

t '
Don't
Use

Not
tffective

Information
Source

Very
Effective E

Fo
by

ective

Journals

Newspapers

Conrerences

Exnibitions |

Colleagues i

Television

Company
Representative

Patents

Tnternal ccmpany
channel

Government
information
service

Cther (please
specify)

Returned BY .eceerivcencroneonoaa

Of L iierneeonsonsaaonssscacnvonnscns

Function

tesrescensrses

the effectiveness that various information channels
The

awareness of some currently 'new

parties.

materials.

§. How familiar are you #ith the following materials

PLEASE TICK ONE BOX

Material

FOR EACH MATERIAL

Hlave Investigated

Udo
for uge

Famj liar

Imfomiliar

‘Antiphon MPM'
- a metal/plastic/metal sandwich

Boron Nitride

*Carbon/Carbon' - a carbon fibre
reinforced carbon composite

Carbon Fibre Reinforced Plastic

‘Cem~f£1l' - Glass reinforced
concrete

'yj~-sil' - high strain silicon

Keviar

*Lamina’ - bronze surfaced steel

'Retimet’' ~ foam metal

Samarium Cobalt

Silicon Nitride

Superplastic alloys

Tantaluwm

Titanium

Vitreous Metal

7. what 'new’

structural materials have recently

(w#ithin last 10 years) been incorporated in

your products/processes ?

3, wWhat was the time period between your awareness of
this material’'s existence and 1ts incorporation in

one of

your products/processes ?

(PLEASE TICX)

Material

Less |
than
L yr P-Z ¥rs

17-2% yr=

please turn over




9. How do you rate the following for keeping in touch with (a)

Figure 2.1 Cont'd.

Please indicate by inserting one number in each hox

i.e.

[

- essential

4 - worthwhile

2 - rarely useful

1 - no use

3 - occasionally useful o - not used

(a)
Business
Developments

business developments and (b) matsrials developments ?

(b)
Matarial
Developments

Abstracts (give name)

3BC's Tomorrows World

Chartered ‘echanical Engineer

Composites

Ingineering

Engineering Materials % Design

The rinancial Times

The Guardian

Materials Engineering

Maverials Science % Engineering

Metallurgist & Materials Technologist

Metals % Materials

Nature

Maw Scientist

Dlastics Engineering

by

e Sunday Tines

The Times

‘Yhats New in industrial products % Zouipment

jercnautical Journal

dircrart Zngineering

Aviaticn Week % Space Technology

Other - Please specify.




Dear Material Decision Maker
_This guestionnaire is part of a survey conducted by the University of Aston
in conjunction with Dunlop Ltd. The survey is concerned with the effectiveness

. of information channels for the promotion of new materials.

1 would be grateful if you would complete the enclosed questionnaire and pass
the extra copies to any interested colleagues.

It is designed to be answered by persons responsible for selecting materials
for their products and, oOr processes.

A1l replies will be treated as confidential and will be used for statistical
_purposes only SO that information contained will not be associated with any
_one firm or person.

Yours sincerely

MW Commander

Enc: pre-paid envelope
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or wholesaler as it was to a manufacturing concern. -HOUEVér,V
this initial survey constituted a\Free pilot study based on
the Midlands. For the purposes of this project 442 copiés

of the survey were sent out throughout the UK based on sect-

ors likely to use new materials. The majority of these uere
sent to identified individuals within the organisations.

Nine different sectors were aimed at - aerospace, general
engineering, material producers, nuclear and pouer industries,
road transport, research establishments, small marine (i.e.
pleasure craft), marine and medical. The response to batches
one and tuo was 8+5% (i.e. 85) and 31-4% (i.e. 139) respect-
ively. The results of the survey have been classified for
seven identified sectors and one other, headed ‘other', uhich
comprise those feuw responses that were obtained from the

marine and medical sectors but which by themselves could not

be dealt with.

The results from the survey indicated amongst other things
that some technical journals uere rated guite highly by the
material decision maker as being effective in keeping him
up-to-date with material developments. In order to test
these results a number of journals were approached, and a
variety of publicity was given to Dunlop's carbon/carbon by
five different journals (see Appendix F). A technical

brochure and samples of carbon/carbon were held in readiness

for despatch to respondents.

2.2 THE THESIS - THE STRUCTURE OF THE RESEARCH

The research for this thesis has been based upon the work

described above and the flou chart of figure 2.3 indicates

the topics that have been covered, and should also help the
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reader find his way through the theéis;p After thevfirst-i
three introductory chapters, Chapter 4 examines much of tha
pertinent literature in an attempt to analyse the behé@isﬁf
that can be expected of both buying and selling organisations.
This establishes the current state of our understanding as
regards material innovations and their adoption, and indicates
the areas in which ue are lacking. Chapter 5 deals uwith the
innovation process that has been experienced by several pro-
ducers of new materials. On the basis of trends suggested

by the four cases compiled a further six were selected from
the literature to examine these trends. A précis of each

of these appears in Chapter 5, whilst Appendices A, B, C and

D contain the four major case studies. The search methods
that are available to material producers in their quest for
users are illustrated, as are the different categories of

need applications that can lead to a successful innovation,

or otherwise.

Chapters 6, 7 and B have all been written around the results
obtained from the survey - decisions on materials. Chapter 6
deals with the material decision maker. His function has
been identified within the various industrial sectors and

the variation of material decision team size noted. Material
innovations are not as well documented as say product innova-
tions, but the results in Chapter 6 compares the importance
of material innovation with that of product and process inno=-
vations. Chapter 7 reports the results of the study on
information sources and identifies those information channels
regarded as effective by the material decision maker. The

comparison between effective channels for business developments
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presents some further information on the users of materials,

in particular describing the adoption rate that can be expec-
ted for new materials in the different sectors of industry.
These results are compared with the overall awareness that

firms have of new materials.

The result of the carbon/carbon publicity in various journals
is reviewed in Chapter 9, whilst Chapter 10 pulls the results
of the research together and suggests an organised method for

new material introduction.

Chapter 11 concludes the thesis by reviewing the achievements
and use of the research and suggesting areas uhere further

useful developments could be made.
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3.1 CHAPTER PREVIEW

This chapter describes the production method and marketing
activities used by Aviation Division for the exploitation of
carbon/carbon. such a description sets the background scene
for this project, and as such makes no apology for repeating
many of the technical details that are described in the
carbon/carbon case history of Appendix A. The lack of mark-
eting expertise in the field of new materials points the way

to the problem. And the detailed identification of the prob-
lem does no more than identify some possible methods of answer-

ing the guestion "hou should we search for uses for a neuw,

advanced technology material?"




3.2 PRODUCTION OF CARBON/CARBON

~ THE FACILITY AND THE PROCEDBURE

The manufacturing facility chosen by Aviation Diuision‘uas
completed in 1875, The process for manufacturing structurel
carbon, involves permeating the appropriately shaped assembly
of carbon fibre with a carbonaceous gas. At temperatures

up to 2000°C the gas is cracked - depositing carbon on the
individuel carbon fibres and thus joining them together with-
in a matrix of carbon. This process is generally termed

chemical vapour deposition (C.V.D.).*

In the case of Concorde brake discs the process starts with

a woven fibre cloth, whose precursor was rayon. Other forms
of carbon fibre can be used depending on the article; for
example chopped strand mat, felt, tou, etc. The precursor
materizl might also vary - it may be rayon or a synthetic
polymer such as polyacrylonitrile (PAN). The choice of
precursor and the form of carbon fibre affects not only

properties but also the price of the final article.

Several layers of cloth are cut to shape, cleaned and laid
up between graphite jigging platens to form a pile some 25%
thicker than the final thickness required. Figure A.5 of
Appendix A illustrates the production process. The work
piece is then processed in a vacuum furnace (see figure A.6)
for several weeks. During this time, the discs will be

removed from the furnace at several stages. Firstly after

¥ There are other methods to manufacture carbon/carbon com-
posites and these are briefly described in the case history

of Appendix A.




an initial bonding runm, the jigging ﬁlétené will be removed
once the work piece has been consolidated. The-discs’gill 
again be removed from the furnace at later stages For‘méCE;
ining operations. This is necessary because the pore size
in the composite reduces as the carbon is deposited. A

point is reached when no more gas can permeate the composite

because a surface crust of carbon has closed off all the pores.

This crust must be removed periodically by machining, which
will allow fresh gas to penetrate the bulk of the material
when placed back in the furnace. Even with this repeated
machining the density of the final composite may vary from

say 1+7 g/cc at the outer surface to 1+5 g/cc at the centre.

Follouing the infiltration process, the composite may under-
go a heat treatment operation to modify the properties of
the material. This operation again takes place in a furnace
at temperatures betueen ZDDUOC and 2BDDOC, and has the effect
of increasing the thermal conductivity, whilst decreasing the
overall strength of the composite. In some instances the
heat treatment operation may precede the final one or two

infiltrations.

After the final machining operations, the edges of the disc
are given an anti-oxidant treatment, and drive clips are
fitted to the rotors - see figure A.7. The end result is a
composite having a 30% fibre volume fraction - 70% is depos~-
ited carbon with a pore size of 10-15 microns. The density
of the finished material varies according to the thickness

of the composite - about 1°6 g/cc far 13 mm thick material,

and 1+45 for 25 mm thick material. Thinner composites




obviously take less time to procesS*and:uill be correspond-
ingly cheaper. The same applies with composites of lower
density - if only one or two infiltration rTuns are necessary

the processing costs will be that much less.

3.3 PROPERTIES OF THE COMPOSITE

A composite material such as that described above, has
anisotropic properties, being made from distinct layers of
cloth. This anisotropy causes the properties of the mater-

ial to vary depending on the orientation of the fibres.

Some of the general physical and mechanical properties of

the material are shown in Table 1.7 of Chapter 1 and compared
with other materials. A more detailed breakdown of the
properties that can be expected on the Concorde brake discs
are given in Tables A.4, A.5 and A.6 and figure A.S8. In
general though, carbon/carbon composites exhibit a unigue

combination of features, and these are listed as follows:-

Chemical inertness to most corrosive agents

- High thermal and electrical conductivity (with heat
treatment)

- Low thermal expansion coefficient

- High resistance to thermal shock

- Low density

- High specific heat

- Absence of melting behaviour

- Good machinability

- Non toxic

- High operating temperatures - QSDOOC in inert atmosphere,

otherwise QUDOC with anti-oxidation treatment.

- Biocompatible




The items which have been made so far are generally of simpieﬁ
shape - plates, discs, cones, tubes, rods, etc. although some

success has been achieved with moulded items (see Figure A.9).

Generally tolerance maintenance is not as good as say, steel,
and low temperature creep and movement after machining 1is

noticeable, but not so much as with plastics.

3.4 AVIATION DIVISION MARKETING ACTIVITIES

Aviation Division do not have 2 marketing department as such.
They do have a sales department which is responsible for the

acquisition of orders and sale of equipment to the aircraft

industries in general.

It is not Dunlop's aim to sell specific items to the user -

their aim is to promote the idea of being in the aircraft
equipment business. It is assumed that the manufacturers

0f airframes and eseroengines know that Dunlop are in the

business of supplying equipment. An airframe/aeroengine
manufacturer will therefore enquire if Dunlop is able to
supply a particular part whenever necessary. Enguiries may
come from the UK, Europe or the USA. As a summary of

Dunlop's business in these three areas they can expect to

receive enguiries:

- definitely from the UK manufacturers

cenerally from the European manufacturers and American

manufacturerse.




The procedure for acquiring business,is:generally as follouws:-

- Dunlop will receive a design specificetion (or ACS -
aircraft control specification) from the customér, which will

give very specific deteils of the item they require.

- Dunlop will submit a proposal to the customer within
thirty days. This may be a detailed document covering the
statement of compliance (interpretation of the ACS paragraph
by paragraph), description and operation of product, the
design philosophy, a weight statement, reliability statement,

relevant drawings and alternatives or variations.

- If Dunlop's technical and commercial proposals prove
to be competitive and subsequent negotiations on contract
terms and conditions are considered by both parties to be

satisfactory, then an order will result.

This method of tendering for business is general to the
aerospace and military industries, who specify their needs
and let the equipment manufacturer's compete for the cont-
ract. Such a system works quite well in this particular
environment but it is only to be expected that a company
orientated to supplying the needs of the aviation industry
would have problems introducing a neu material. The senior
management of the company probably recognised this for it

would explain why the sales department has never been asked

to sell carbon/carbon.

This illustrates the problem that a company orientated to
a specific market might have, in trying a neu venture in

an unknown market. They have fixed 1ideas of working within




their known sector but no experiencé“%ér tackling neQ’arees;
In Avietion Division's case this is not gquite true becagsew;
a new foamed metal 'Retimet' had been launched by the combaﬁy
some years aQo. The development, production and marketing
of this material was put in the hands of one man in the lab-
oratory. It was a case of developing a material with no end
product in mind, and indeed it was introduced on the BBC's
Tomorrouw's World as a material looking for a problem tao solve.
Even the response to such publicity was under-estimated and

a lack of follow-up material added to the problem. Insuf-
ficient analysis of the Retimet's properties together with a
lack of information about the material at the right time
illustrate just tuwo of the problems that Dunlop had whilst
trying to introduce this new material. As a result, this
product has never been regarded as a success even by the
company. It is probably fair to say that they did not want
to go through the same process uwith carbon/carbon and have

therefore tackled the problem in an entirely different way.

During the early part of 1973, the Electrical Research
Association (ERA)* at Leatherhead were approached with the
aim of carrying out a market research study on carbon/carbon.
This independent research organisation were asked to search
for and identify new product areas for the material - no
limitation was placed on ERA in terms of the market sectors
to search. Their final report was received by Dunlop in
January 1974. 1t detailed six potential applications -
only one of which was followed up by Dunlop with any enthus-

iasm. In view of carbon/carbon's many attractive features,

* Dunlop is not a member of the ERA, but ERR's association with
Dunlop's carbon/carbon is discussed in the case history of

Appendix A.




Dunlop engineers were disappointed about the projected~market

need's for such a material.

.

An effort was made to develop uses for the material in—housé;
The design team within Aviation Division were given the knoun
properties of the materizl and came up with a couple of prom-
ising uses - bearings and engine seals (zlso sugagested by
ERA). Whilst the design work has been carried out for some
of Aviation Division's ouwn products, the ideas have never
been followed up with much enthusiasm - they have never
reached the prototype testing stage. Apart from this there
has been no internal circulation of data about the material
to other mznufacturing sites of Dunlop - except to the

Research Centre.

3.5 DETAILED IDENTIFICATION OF THE PROBLEM

Aviation Division were in need of some new profitable
products which could be made from carbon/carbon. There

were no spare people to look for neuw uses either from the
hdvanced Materials Laboratory or the Sales Department -

and there was nobody within the rest of the organisation

with the experience of looking for uses for such high tech-
nology materials. Furthermore, the company generally

lacked the people capable of championing products through to
successful, commercial fruition. The development of carbon/
carbon brakes for Concorde 1s an exception to this, with

Mr. Bayly (then Director of fiviation Division) and Mr. Stimson
(Engineering Manager Wheels and Brakes) both promoting the

product. However, the few non-aerospace projects that have




seemed feasible for carbon/carbon have had no one to promote.
them through the company and the lack of such a person has

largely contributed to the unsuccessful development of carbon/

carbon products.

It was to the background described above, that the author
was asked to bring a fresh approach to "find new markets
for carbon/carbon in fields other than the aerospace

industry".

This thesis attempts to ansuer this broad problem in a
fairly detailed manner, by splitting the problem into smal-
ler, more manageable areas. There are four major questions
arising from this problem uwhich later chapters hope to

ansuwer:

- How should a search operation for new uses of a neu

material be carried out?

Such a guestion led to a study of other material manufacturers'
to see houw they had tackled material innovation problems.

This has largely been done using a case history approach.

_ Are there "material decision makers" within firms, with the

responsibility of selecting materials for their products/

processes”?

1f there is such a person, what is his function, does he work

in a team or alone, how important does he rate material

innovation as opposed to product or process innovation?

- How do organisations find out about new materials, or keep

up-to-date with material developments?




Such a guestion led to a study of inFofmation chahnels to

see which ones the material user regarded as effecti

whether they varied for different industrial secﬁorS}

- Houw long does it take for new materials to be adopted by

the users?

An investigation of material users in different industrial
sectors followed with the aim of finding out: how auare
industry 1s of new material developments; whether some
sectors of 1ndustry adopt new materials more rapidly than
others, and poses the guestion, "can the awareness/investi-

gation phase of neuw materials innovation be shortened?"
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4.7 INTRODUCTION

Although mankind has been using and developing matefiéigmgéf\
many hundreds, if not thousands of years, it is ohly during
the last two centuries that many of the major discoveries

and developments have taken place. Only a handful of mater-
ials were known to prehistoric man: carbon, copper, gold,
iron, lead, mercury, silver, sulphur, tin and a variety of
woods, stones, furs, fibres and feathers. Today 104 ele-~
ments are knoun to mankind, forty eight of which were dis-
covered in the niheteenth century and a further twenty tuwo
during this century (Gregory). Even more developments have
occurred this century with the vast array of alloyed metals

and polymers that are now in common use.

To the general layman the development and usage of materials
is probably taken for granted. For example most people
never think twice of the polyester cotton shirts they wear,
the stainless steel cutlery they eat with, or the fibreglass
bath they wash in. Materials hidden behind the pressed
steel body panels of their cars are even more remote: alumin-
ium cylinder-heads, gearbox components made by powder metal-
lurgy technigues, polypropylene fascia panels, and glass~-
reinforced nylon fan blades are all accepted as aids to our

modern life with no thought given to the technology that lies

behind them.

Even though materials are apparently dismissed lightly by
the public, the industries behind them are immensely impor-
tant to the economy of our country. The National Economic

Development Office have shoun that raw materials and energy




provide the physical basis for indhé%flai cagitaluf@imatiﬁni

and consumption and ecomomic activity in general, as shown

in figure 4.1. Furthermore, the relative economic‘impor£¥: ‘
ance of materials has been emphasised by a NEDO report,

which shows that approximately one third of the total product
cost is accounted for by the materials industries and the

remainder by the engineering and construction industries.

Fig. 4.1 Schematic flow of natural resocurces through to

final products. Source: Pick and National Economic

Development Office.

Aston University

Hustration rem oved for copyright restrictions

erials and the 1nau ‘early 1mpor

ant to the development of our economy. Although iron and
steel are still the most important class of material accord-
ing to Pick and Becker the development of new materials is
playing an ever increasing role in industrial and consumer

goods. This is clearly shouwn by the growth of the plastics

industry since 1900 (see figure 4.2).




Figure 4.2 Grouth rate of major industrial materials from I 

I ————— S Y —_I

1800 AD. (Source:  Crouther)

Those organisations concerned with the manufacture of mater-
ials and the development of new materials in particular,
should therefore be acutely aware of their customers.
Materials have been described by N. P. Allen as substances
for making useful objects, and this fact should be borne

in mind by those organisations responsible for the manufac-
ture of materials. For an organisation contemplating
material innovation there are at least nine elements to

consider before the innovation can be approached in an

organised manner. These are:

- Factors affecting material selection
- Industrial buyer behaviour

- Decision-making unit in the buying organisation



o

%

Groups responsible for promoting materials

Innovation: models and case histories (these might

illustrete the pros and cons that can affect the subcéss

of the innovation).

The prerequisites for stimulating demand
- Search methods for finding users

- Effective communication networks

- The adoption procedures and rates.

The reasons for studying these many facets of marketing

should be apparent to 2ll; for the successful planning and
implementation of marketing strategies depends to a large
extent on understanding the buying behaviour of organisations.
This has long been recognised, even if not fully implemented
by all organisations. Alexander, Cross and Hill summarised
the reasons for studying organisational buyer behaviour 1in

1961, when they urote:

Any attempt to understand the managerial problems

of marketing a product or group of products must
include at or near its beginning, a study of the
persons or establishments that buy or can buy those
productse. Without a knouledge of his market, the
buying units that comprise it, and the working con-
ditions of, and the ob jectives sought by the purchasers
in their operations, the marketing manager finds
himself forced to make decisions and formulate pro-
grammes in a sort of informational twilight of

assumed facts and conditions that can only result in

useless error and losse




Each of these elements have been discussed in thé‘follomimg

revieu.

4.2 FACTORS AFFECTING MATERIAL SELECTION

4.2.7 TECHNICAL AND ECONOMICAL FACTORS

The choice of material for a given product is subject to

some basic considerations at the design stage; these are:

7. Strength to weight ratio - although only loosely

considered in many cases.

2. Type and mode of load applied to product, i.e.
tensile, compressive or shear and uhether such

loads are dead, fluctuating or shock.

3, Method of manufacture

- casting

- fabrication

- forging

- machined from solid
- formed from powder
- injection mould

- extrude

- mould and cure

4y Environment




5., Cost of material and processing

6. Availability

7. Special reqguirements, such as awkward shape.

The sources of information for mechanical and physical
properties of many materials are readily available in
handbooks such as Machinery's Handbook, Kent's Mechanical
Engineers! Handbook and so forth, Other sources include
the British Standards, various research associations and
manufacturers' or suppliers' catalogues. These and other
groups responsible for the promotion of materials are

discussed in a later section (4.9).

Civil and mechanical engineers usually use such conventional

tables of mechanical and physical properties of materials
when designing structures. 1f, however, an engineer 1is
designing for light weight, such tables do not, unfortu-
nately, provide a basis for comparison and selection of
materials. 1t has been suggested by H. J. Sharp that in
such instances, merit indices or ratios, such as strength
to weight or stiffness to weight might be used. There

are at least three categories of strength to weight ratio

that might be considered:

1. Modulus of elasticity - density ratio compares specific

stiffness and is suitable for the comparison of materials

for beams. However,

ials have specific stiff

many of the common engineering mater-

ness approximately equal, i.e. about



262 GPa, see Table 4.7, In other words, no matter how

much materials are strengthened, most materials have the

same specific stiffness. I - beams of equal weight: and

depth constructed from these materials would each have the

same stiffness in this respect.

Table 4.1 Young's moduli of orthodox structural materials
(Source: J. E. Gordon)

£

E S.G.

Material Specific Gravity GPa GPa
Molybdenum 10+5 276 263
Iron 78 207 265
Titanium 445 117 26-0
Aluminium 27 72 267
Silica and common glasses 25 69 276
Magnesium Te7 41 24+

Wood-spruce parallel to

0<5 13 26-0

grain

There arg however, a few materials with much greater specific

stiffness, beryllium, boron, carbon fibre and some ceramics

such as silicon nitride, alumina (J. E. Gordon).

2. Specific tenacity, i.e. tensile strength-density ratio,
indicates that titanium alloys are better than aluminium
alloys. However, non-metallics, such as glass fibre and

carbon fibre reinforced plastics are the most effective in

this respect.

3 Yield strength—density ratio is the criterion that may

be used for structures of reduced slenderness ratio, where

the failure characteristic is compressive yielding or frac-



ture. Specific compressive strength in terms of the yield
strength may be used for ductile materials and ultimate
compressive strength may be used for brittle materials.
This shows titanium alloys to be superior to aluminium and

magnesium, but the ceramics are even better.

It cannot be overstressed that engineers are not concerned
with the properties of "materials" as such, but rather with
the "performance-in-service of products such as components,
assemblies and structures", as Pick (1968) has stated. He
goes on to suggest that often the data an engineer is hand-
ling is that of chemical composition and mechanical proper-
ties which are used as measures of reproducibility and
quality rather than a descri?tion of the in-service proper-
ties. The properties and cost of a product depend on many
complex interactions - design, inherent material properties,
manufacturing operations, surface treatment, etc. - and the
optimum design solution is in turn dependent on these inter-
actions. The correct selection of materials for particular
applications is therefore important and in many cases better
design solutions can be found by using combinations of dif-

ferent materials and/or processes rather than by reliance on

a single material.

It is apparent from the aforementioned that design engineers
must be helped in the choice of materials by presenting com-
parative data of different materials. The scale of the

complex technical interactions under consideration when

materials are being chosen is illustrated by the check list

for a metal, taken from Steel and its Heat Treatment, see

Table 4.2. Bearing in mind that a comparison of the chara-
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cteristics for several materials will be considered by the

designers it is evident that material decisions camn become

very involved.

It is not surprising, therefore, that design decisions are
full of compromises, and in many cases the optimum economic
solution is missed either for the manufacturer or user, OT
bothe. For example, although a product may have all the
desirable features in terms of its physical and fabricating
characteristics, it can still be made from materials that are
sub-optimum in terms of economics. Comparison of materials
by physical and mechanical properties is all very uwell but

a further comparison on a cost basis is also necessary.

Many materials are costed on a unit weight basis, others on

a volume basis, and still others on a length basis, but this

is of no real significance for comparing the price of given

properties.

Sharp recognised this dilemma and suggested that materials

should be compared by costing their function. It is possible,

for instance to compare the cost of primary metals which could
be used to support a load of 100 tons, see figure 4.3, and
even include the cost of fabrication, see figure 4.4.
Ideally, the comparison of such costs would need a computer
to handle all the data and Appoo and Alexander at the Univer-

sity of Aston have done much of the pioneering work in this

country, using a cost per unit function analysis technigue.
b

The development of this technigue 1is currently being studied

by the motor trade but such 8 selection technigue will no

doubt be useful to other industries in years to come. A
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Fiqure 4.3 The cost of an adequate yield strength. By-cal-

culating the cross-sectional ares required to support a load

of 100 tons, based on the yield point or proof stress, and
converting this to a comparable caost figqure, materials may be
compared on the basis of cost for a similar yield strength.
The cost of converting the ingot or pig to sheet, strip, cast-
ings, or forgings is also shoun for those guantities of

materials needed for similar yield point.

Aston University

Content has been removed for copyright reasons
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Figure 4.4 The space required to develop an adequate yield

strength. B8y comparing the cross-sectional area of materials
required to support the same load, an assessment is given of

the bulk of the material required for an adequate yield strength.
It is interesting to compare side by side the 'fabrication

costs' from Figure 4.3 (i.e. the cost of conversion from ingot

or pig to casting, forging, sheet, or strip, etc., the guantity
of material needed to give a similar yield point) with the
cross-sectional area of this figure gives a 'fabrication effi-

ciency factor', which is an indication af the efficiency of

conversion on a volume basis of the material from the ingot or
pig form to the cast, forged, or rolled form, etc.

Aston University

Content has been removed for copyright reasons




very simple explanation of the method of operation will

serve to show its potential. Consider the problem of Fil-

ling a certain volume, say 1 m3, with the cheapest available

material. This is a simple one-dimensional problem, the

cost effective material is that which costs the least per
cubic metre. Assuming fhe computer has a list of materials
and their related cost per cubic metre stored on file it is

a simple task to ask for a print-out of those materials cost-
ing less than, say, £2 per m3. The issue becomes more com-
plex as the dimensions of the problem increase. For example,
the material reguired might also need to have a certain stren-
gth to weight ratio, withstand a given chemical environment
and be magnetically susceptible. This has increased the
selection problem manifold, but providing the relevant data
on all materials is filed away, it is not a difficult problem
for the computer. Such a system allous the most economic
material, either in terms of cost or energy input, to be
selected. The development of such systems could have pro-

found effects on material producers developing new materials

and should therefore be kept under revieuw.

An example of some of the technical and economic factors
that influence material selection has recently been provided
by the Production Engineering Research Association (PERA).
They were able to identify the factors responsible for the

conversion from metals to plastics for eighty-five components

for eight main engineering industries. In order of popular-

ity the factors which influenced conversion were: low weight,

corrosion resistance, lou costs, wear resistance and good
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electrical insulation. The high energy costs, which have

caused price increases in both metal and plastics in recent
years were highlighted by PERA, However, metals have risen
more than plastics, and as an example PERA guoted that the

cost by volume of Nylon 66 has risen by about thirty per

cent since 1973, whereas the cost of diecast zinc has risen

by more than 250 per cent.

Ancther technical factor, or in some cases it may be regarded
as a political factor, that may affect the selection of a
material for a particular use, is whether or not it has a
national standard, for some manufacturers will not use a
material unless there is a national standard for it. But

as Starr has pointed out "it is axiomatic that national
standard specifications are not prepared until there is a
fairly widespread and steady demand for them". Although
some companies, probably the innovators*, will be using neu
or improved materials for which there is no national standard
specification, it is unlikely that the material will diffuse
to, say, the late majority until such a specification is
available. The time lapse between the decision to take
action and the actual appearance of a specification can be

as long as three years. Such standards as laid down by the
British Standard Institute will contain details of the method
of manufacture, chemical composition, heat treatment, the
selection of test pieces and mechanical tests. DTD stand-

ards are also in use for materials in the aircraft industry

tegories such as innovators and the late

* t
hoop et Care discussed in Section 4,10.4.

ma jority a
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that are not covered by the BSI standard. ~ Even the building

trade is not exempt from such standards; materials have to
comply with Building Regulations and meet the Agrément stan-
dards. For example, foam fills for cavity wall insulation

must meet the standard as laid down by Agrément Certificate

no. 74/209/76/AM 16. A material producer hoping to introduce

a new material to a particular industrial sector should there-
fore be aware of the standards that the industry is obliged

to work to, and take appropriate action with their material.

4.2.2 POLITICAL AND SOCIAL FACTORS

Such technical and economic factors affecting material selec-
tion may well be overshadowed by political and social pres-
sures of the day when neu materials are under consideration.
Sambell and Davidge claim the political and social factors

to be just as important as the technical and economic fac-
tors when it comes to new materials being studied for poten-
tial use. Such indirect factors as (a) existing and future
raterial resources, (b) effects on the environment and (c)
the reguired energy inventory can have far-reaching conse-
guences when neuw materials are being considered. Unless a
new material can satisfy all these requirements it is unlikely

that it will be chosen by engineers for their particular neu

product.

Whilst examining these broad factors which can affect mater-

ial selection decisions, it is as well also to be aware of

the consequences that changes from one particular material

i ect of new materials
or process can have on a firm. The eff

and of new processes may well pose serlous problems for com-
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panies.  The following example put forward by Pick (1972)

serves to illustrate the problem. A manufacturer of cera-
mic baths will have some far-reaching decisions to make should
he receive an increased demand for plastic baths. He will
have to decide whether he is in business primarily to manu-
facture baths, in which case he will have to invest heavily
in plastics technology to maintain his level of business, or
a manufacturer of ceramics, in which case he will have to
find other outlets to keep his assets employed. If he does
neither he may well go out of business. There is also the
possibility that the increased demand for plastic baths could
be due to fashion, and just as likely to change again to some
other material. Such a problem indicates the very real dil-
emma that firms can face when contemplating long-term invest-
ment plans. The technology behind material and process

developments is developing at such a pace that firms may uwell

find it difficult to decide which routes to opt for.

Such changes in the choice of materials or processes for
manufacturing products could change the whole structure of
industries, not just individual firms, and as such is likely

to become more of a political decision than technical decision.

4.2.3 CRITIQUE

—————TTE

A computerised cost per unit function analysis technigue for

the selection of materials is still in its infancy to date,

but nevertheless it is probably the most sophisticated selec-

tion technigue available. When systems such as this are

introduced to companies either individually or on a national

scale, it will be imperative for material producers to ensure
5

e —————— T S S




that data on their materials is stored on file in the com-

puters.

Until that time, it is necessary for material producers to
be aware of the technical, political and social factors
that influence the choice of materials, and prepare infor-
mation about their materials accordingly. Even then it is
likely that political and social factors will play an imp-
ortant part of major material decisions if the trend from
product orientated production to materials-and-process

orientated production that Pick (1972) forecasts, comes to

pass.

4.3 INDUSTRIAL BUYER BEHAVIOUR

Before examining Industrial Buyer Behaviour in depth, the
rationale for carrying out such a study should be understood.
According to Webster and Wind (1972a) a study of Industrial

Buyer Behaviour should:

(i) Identify, guide and evaluate the need for market
information and thus suggest the factors which are

likely to affect behaviour;

(ii) Aid the analysis and interpretation of existing

informations

(iii) Improve the value of predictions about behaviour.

Such admirable sentiments are difficult to argue with and

indeed, this study approached the subject with much the

same objectives. In addition, this study wished to ex-

amine the peculiarities, if there be any, of buying
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materials, and in particular neu materials, into an organ=
isation. It was expected that the literature uould pro-
vide hypotheses which would be useful to Dunlop for develop-

ing a marketing strategy with carbon/carbon.

Unfortunately, whilst there has been considerable theoris-
ing about Industrial Buyer Behaviour there has been very
little field work carried out. The work presented here-
in describes both general models of buyer behaviour and
also specific models of organisational buyer behaviour

(see Table 4.5).

Table 4.5 Models of Buyer Behaviour - a) generic and

b) specific to organisations

Generic Models of Buyer Specific Models of OUrganisat-
Behaviour ional Buyer Behaviour
Marshallian Economic Model "BUY-GRID" Model - Robinson

and Faris

Pavlovian Learning Model Wind Model
Freudian Psychoanalytic Decision Process Model -
Model Webster and Wind
Veblenian Social Psychology Integrative Model - Sheth
Model
Hobbesian Organisational Box Model - Nielsen
Model

I+ will be seen that all these models are of the "black box"
type, i.e. the buyer (individual or organisation) is the

"hlack box" into which certain inputs or stimuli are placed




and the outputs or responses are observed. Almosf by.defi!
nition such "black box" models are descriptive rather than
predictive and are of little practical use unless the relat-
ionships betueen the inputs and outputs can be described.
Such ideals showing hou different variables effect behaviour
are very plausible. Unfortunately the models do little

more than provide a frameuork for analysis. It may well be,
as Mclrath has suggested that "the researchers are attempting
to achieve an objective which no general psychological or

sociological theory has yet reached - that of predicting

human behaviour."

Models of consumer behaviour are undoubtedly different from

those of organisational buyer behaviour and as such need mod-
ifying before the differences betueen consumer and organisat-
ional purchases can be considered. Webster and Wind (1972a)

suggest the major differences are:

(i) Organisational buying decisions are more complex
than consumer decisions because more people are
involved in the decision process; each person pos-
sibly playing a different role, not only for a
given purchase, but also from one purchase situation

to the next.

(ii) Products (or materials and services) are often of
greater technical complexity; considerable techni-

cal evaluation is reguired before a decision to
purchase is made.

(iii) Organisational buying decisions often take longer

hecause the high technical content of the product
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requires thorough and cautious evaluation; decisions
once taken are more difficult to rescind in ‘an organ-

isation than in a consumer environment.

GENERIC MODELS OF BUYER BEHAVIQUR

Kotler has identified five generic buyer behavioural models

which have been used to develop marketing strategies. Four

of these models throu some light on the behaviour of family

buyers

buyer.

(1)

(ii)

(iii)

whilst the fifth sheds light on the organisational

In brief, they are:

Marshallian Economic Model - assumes a rational

behaviour to product purchases uwherein economics
play the over-ruling part. The Marshallian man

is concerned chiefly with economic cues - prices
and income - and makes fresh utility calculations
before each purchase. Such a model requires per-
fect knowledge but at the same time ignores behavi-

oural aspects.

Pavlovian Learning Model - purchasing habits are

driven by certain cues and are determined by past
rewards. This approach, developed from physiologi-
cal experiments into the salivatory habits of a dog
has never been completely vindicated in the behaviour

of creatures with a higher mental process.

Freudian Psychoanalytic Model - the behaviour of the

buyer is influenced strongly by deep-seated motives
and fantasies. Mptivation research such as this
seems rather esoteric outside the psychiatrist's

consulting room and lacks predictive power.



Veblenian Social-Psychological Model - the Ueblenian

man's behaviour is influenced by several levels of
society in which he lives - culture, subcultures;
social classes, reference groups, face-to-face groups -
and family. He thus acts in a way which is shaped
largely by past and present social groups; purchas-

ing is therefore a group activity.

(v) Hobbesian Organisational Model - corporate man steers

a careful course between satisfying his own needs and
those of the organisation. It suggests that the
buyer is part rational and part emotional in behaviour
and this obviously has some relevance in many buying

situations.

The Hobbesian Model introduces the dichotomy that faces the
organisational buyer, that is, looking after the organisation
a "task" oriented concept - uwhilst at the same time looking
after oneself - a "non-task'oriented concept. Webster and
Wind (1972a) put it more formally: "Task models are those
employing task-related variables (such as price) uwhereas non-
task models....attempt to explain organisational buying
behaviour based on a set of variables (such as the buyer's
motives) which do not have direct bearing on the specific

problem to be solved by the buying task".

Examples of task and non-task buying behaviour are:

Task (Economic) Non-task (emotional)

Spurce searching Ego enhancement

Supplier appraisal and Office politics

evaluations




Task

KNon-Task

Purchase research Personal risk reduction

Value engineering analysis Tactics of lateral relatiéﬁships

Product-cost management Previous experience

Purchase price analysis Other emotional activities

Other objective techniques

(Source: Hill & Hillier)

Neither task nor non-task type models provide the complete
picture of organisational buyer behaviour, there should be
a combination of both. The ideal model of buyer behaviour
should obviously shouw how the buyer is affected by the org-
anisational and social settings in which they operate
(Duncan) and make clear the fact that they are individuals

with motives and attitudes which must be considered (Sheth).

It is suggested that a good model of Industrial Buyer
Behaviour must consider the individual's characteristics,
group (social), organsiational and environmental factors

for both task and non-task variables:

Source of Task Variables Non-task Variables

Influence

Individual Desire to obtain louw- Personal values

est price

Group Meetings to set pro- Off-the-job interactions

duct specifications among company employees

Organsiational Company policies with Company policies regard-

respect to product ing community relations
quality
Environmental Expected trends in Political factors in
business conditions an election year

(source: UWebster & Wind 1972a)



4.3.2 SPECIFIC MODELS OF ORGANISATIONAL BUYER BEHAVIOUR

Five models of organisational buyer behaviour are examined

belouw.

BUY-GRID Model: Robinson and Faris

A widely acclaimed model is that of Robinson and Faris, which
is based on the results of a tuo year research programme 1in
three different companies in the USA. It suggests that

industrial buying uses an eight stage decision process known

as "buy phases":

1) Anticipate (or recognise) that a problem or need exists;
co incident with this anticipation is the awareness that
a possible solution may be through the purchase of an

industrial good.

2) Determine the guality and characteristics of the needed

item.
3) Specify description of needed item.
4) Search for qualified potential sources.

5) Examine sources; leads to a decision concerning how

the item is to be purchased.
6) Evaluate proposals and select suppliers.
7) Establish an order routine.
8) Performance feedback and evaluation.
The grid matrix is completed by considering three different
buy classes - new buys, modified re-buy, straight re-buy -

with the eipht buy phases, to account for the fact that some

stages may be omitted for different buy situations.



Although the model suggests that the buying process is increm=-

ental and that there are critical points in that process, it
suffers two faults, It has virtually no predictive power,
i.e. it fails to identify any cause-and-effect relationships

and does not explein interactions between various functional

arease.

Wind Model (guoted in Robinson and Faris)

Wind's model, shown in figure 4.5 was developed in the 1960's
to try and overcome some of the problems with the BUY-GRID
model. Although it still focusses on the industrial buyer
it introduces the concept of a buying centre, consisting

not only of the industrial buyer, but others directly invol=-
ved with the purchase decision. Peripheral groups are also
shown to influence the buying centre, as are organisational,

environmental and competitive factors.

However, the model fails to differentiate the important
elements between task and non-task factors, lacks any pre-
dictive ability, and makes no attempt at identifying the
subunits of the buying centre. A later Wind model (1968)
does go some way to overcoming this last criticism when two
subunits - a purchasing group and the user department - are
identified in the buying centre and various interactions

between the buying centre and the suppliers are indicated.

Decision Process Model (Webster; Webster & Wind 1972b)

The Decision Process Model published by UWebster in 1965
reqgards Industrial Buyer Behaviour as a sequential four-

stage aperation leading to a solution; these are:
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Problem recognition - the creation of a buying situa-

tion by a discrepancy between desired goals and actual

achievements,

Rssignment of buying responsibility and authority -
decisions have to be made concerning the make-up and

structure of the decision group, both formally and

informally.

(iii) Search process - to establish selection criterion and

identify product alternatives.

(iv) Choice process - to evaluate and select among the

alternatives.,

Webster's ideas were further refined and developed with Wind
and the model shown in figure 4.6 was published in 1972b.

It shows a variety of factors influencing the behaviogur of
industrial buying decisions including individual, group,
organisational and environmental. If the model does not
clearly show it, their text indicates that the buying pro-
cess will involve several people (who may be influenced by
others) and be affected by: the character of the organisationj;
the environment (which in turn affects both the individuals
and the organisation); and by each individual's character
and personality. Unfortunately, though this model is com-
plex, dealing as it does with task and non-task variables, it

is really only a general descriptive model and again lacks

predictive power.

Integrative Model (sheth)

The Integrative Model described by Sheth and shown in figure

4.7 is a comprehensive and complex model; it provides a




Figure 4.6 The Webster and Wind model

for understanding organisational buying

behaviour

(Source: Webster and Wind 1972b)

s




Figure 4.7 The Sheth integrative model

of Industrial-buying behaviour

( Source: Sheth)
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useful framework for comprehending the interactions between

many of the variables involved in industrial buyer behaviour.

Although not explicity defined, the buying centre - shouwn as

(1) - is depicted, and the functional groups taking part are

specified. The buyer behaviour process is clearly influenced
by task (i.e. product and company) and non-task (psychological)

factors, and the fact that buying decisions can be either N

autonomous or joint is described.

Although the model shows the purchasing agent to be of equal
importance to the other members of the buying centre, it is
only in the text that Sheth makes clear that the purchasing
agent is often a less critical member of the decision-making

process in industrial buyer behaviour.

This model appears to be a fair (if not validated) represen-
tation of buyer behaviour until one attempts to use it; it
is a fine descriptive model but connecting boxes of variables
to processing units is of little practical use when trying

to predict the behaviour of the buying organisation.

Box Model (Nielsen)

The Box Model developed by Nielsen (see figure 4.8) in the
early 1970's attempted to combine elements of organisational-
buying behaviour with some ideas from consumer behaviour.

Nielsen suggests there are basically four decision levels:

(i) General buying decision - the decision which initiates

a project and is therefore not necessarily the conse-

guence of former decisionse.




Figure 4.8 The Nielsen box model of

industrial-buying behaviour

(Source: Nielsen)

. \ ¥ 8,

lustration removed for copyright restrictions
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Loncrete buying decision -

sekection of: a definite

T ) ) o ' ( o
project, including its 0bjectives, constreints and

specifications.,
(iii) Selection deci ; . .
510N =~ selection of best products and
suppliers,
. \ - . R . . . . . -
(iv) technical buying decision - decisions relsted to the

actuel transaction, i.e. drauvinc up contracts,

necotiating final price and payment arrangements

and so on.

flthough th

Y]

decision groups invclved at each decision level
may wvery from one level to the next, each group will go
through a similar decision process as described in the BiY-
GRID model, and decisions tesken at one level will obviously
affect those taken at the next level. Even though the
model takes account of the type of buy (nsu, modified re-
buy and straight re-buy), the various factors that will
affect the different decision groups, and the individual's
perception of task and non-task influences, it is still a

model that lacks predictive gualities.
4.,3.3 CRITICUE

The models described herein illustrate the vast amount of
thouoht that has been given to industrial buyer behaviour

to try and get a better understanding of the process.

However, the majarity of the models examined are either

' ' i i ' oTa se they lack
too simplistic tc pe of oeneral use or el y

predictive pouwer. This is probably because insufficient

] > 4
iri ied out to evaluate the input-
empiricel work has been carril

output relationshipe between the variables on the one hand
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and the actual behaviour on the other.

Such a task could

! + : PRI . .
no doubt be investicated in the laboratory, but one runs the

risk of the subject exhibiting atypicel behaviour. Th

()]

problems encountered in assessing buyer behaviour in th

m

"real"™ situation are immeasur

3

ot

:b 1

&)

, and one is therefore
M 1 _ R . . ) .
left with "laboratory" results that zre certzinly more defin-

. . . n ~ . . . . )
itive than "real life’ investigations, but they perhaps lack

generality due to the falseness of the situation.

4.4 DECISTON-MAKING UNIT -

!

MPIRICAL EVIDENCE

A variety of studies have concentrated on the buyer alone
when anralysing Industrial Purchasing Behaviour, some argu=-
ing that he is a rational being (Copeland and Tofte) and
others putting forward evidence of his irrationaslity
(Marino, Shoaf, Sauwyer and Duncan, for instance). How-
ever, as has been previously steted, Industrial Buyer
Behaviour is characterised by group participation in the

decision-making process. It would therefore seem to be

short-sighted to study the buyer alone.

Te progress further, it wes clear that research had to be
conducted into the entire process of buying within & cocmpany.
Such studies would have to examine the roles of individuals
in the Decisior-Making Unit (DMU) and determine how each
reactec to different purchasing situations (Weigan). The
industrial marketino executive must therefore recognise

that he is dealing with a number of individuals within =a

DMU who must be identified, their roles understood, and the

criteria which they use in purchasing decisions established

(Hill & Hillier).
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werd and Moore identified at least three different

ot

nDar
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ments involved in purchasing decisions: Purchasing (the

Y, O it » . .
buyer,, Hduality Control (the engineers) and Manufacturing

(the users). The different backgrounds and job functions

generally inhibit all-round satisfaction, and a compromise

solution coften hes to be found to fulfill the company objec-

tives, which in turn can lezd to conflict between the groups

(Strauss 1962 and 1964), According to flexander, Cross

and Hill, who studied 106 American firms, three or more
people influenced the purchasing decision in more than 75%
of the firms. In the UK, houever, a special study of the
British enginsering industry showed that for medium sized
firms (400-1000 employees) purchasing decisions were subject
to more than five influences and that for larger firms

(over 1000 employees) at least six influences were identi-
fied (McGraw-Hill). Smallbone has zlso suggested that the

size of the DMU will increase as the turnover of the pro-

ducts and size of the firm increases.

Not all members of the OMU have the same degree of involve-
ment in purchasing decisions. The role played by each
member depends on their job function, the nature of the buy-
ing task and organisation, and even the personalities of

the oroup members. Various authors have classified the
roles played by the individuals involvec in the industrial
buying process for sxample: as contributors, participants,
responsibles and directors (Klase); as influencers, buyers,

deciders, and gatekeepers (Webster & Wind); and as those who

make the major buying decisions, make recommendations, must

approve purchases, affect the conditions of use, and conduct




the buying negotiations (Sales Management). Hill and

Hillier summarised the vieuws of the various authors diag="

ramatically as shown in figure 4.9, This portrays the
concept of a buying centre with various units interacting

to make the buying decisions.

Figure 4.9 Units in the buyinc centre

Hlustration rem oved for copyright restrictions

Source:
Buckner in a comprehensive study of British industry identi-
fied up to three specialist functions involved at each stage
of the purchasing decision process with up to ten functional
groups having some irvolvament. He found that for industry

as a whole, the people most concerned with purchasing uere,

For Plant and Eguipment Board

Operating Management

Production Engineers
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For Materials and Components Buyino Department

Design and Development Epgineers

Uperating Management

This has been broadly supported by a more recent study carried

e 4 e . . . . . -
out by the Financial Times who examined the buying habits of

506 British firms. They found that the people with the

dominant influence for initiating and specifying the pur-

chase were:-

For FPlant and Equipment Production Engineers

For Materials Research and Development and

Uesign Engineers
For Components Jesign Engineers
For Commercial Vehicles Transport Managers
and Trailers
The degree of involvement of individuals in the DMU appears
to vary according to the type of purchase, the size of the

company, and the stage in the industrial buying process:

The type of purchase, new buy, modified re-buy, and re-buy,
was found by Brand to relate the various members of the CFU
to the purchasing stage, as shown in Table 4.6. This shows
the greatest involvement of different functional areas to
occur in the new buy situation. Fisher has suggested that
the identity of the functions involved in such a situation

is related to the product complexity and commercial uncer-

tainty.



Table 4.6 DMU

Members involved

by Type of Purchese

Purchasing
Steages

Recognition of
need to pur-
chase

Determination
of product cha-
racteristics

Description of
oroduct char-
acteristics

Search for
suppliers

Assessing qua-
lifications of
suppliers

Acquisition of
proposeals

Evaluaticn of
proposals

Selection of
supplier

Selection of
order routine

Performance
feedback and
evaluation

toard,

New
Furchase

————

Technical
Fersonnel

Technical
Fersonnel

Techniceal
Personnel

Technical
Persornel

Buyer and
Technical
Personnel

Tachnical
Ferscnnel

Technicai
Personnel
General

Management,

Buyer
Buyer
Technicel

Personnel
and Buyer

(informal)

GCeneral
Management

Change in
Supplier

Buyer
Rs specified

Wwhen new
purchase

pe
w

specified

Buyer

Technical Per-
sonnz1 and
buyer

Buyer

Buyer

Buvyer

Buyer

Buyer
(inFormal)
Svstem
(formal)

Repeat
Purchase

Stock contrcl
system

As specified

1

-t

Q)]
Q.

As speci

Rpproved
suppliers

Aoproved
suppliers

Purchasing

Staff

Purcnasing
Staff

Purchasing
Staff

Purchasing
Staff

Buyer
(informal)
System
(Formal)

Platten found that design

(Spurce:

Brand)

znd development engineers partici-

pated in 20% of the decisions involving the purchase of

materials

parts.

Directors have been

=nd in 30% of the decisions involving component

shown to play a declining role




and departmental managers an increasing role in. the purchase

of materiels as the size of the company incresses, according

+

to the Financial Times.,. However, in industries such &as

food, drink and tobacco,

extile and clothing and to & les-

ct
D

&

ser extent in the construction material and timber and paper
sectors of industry, directors shou a sigcnificant involve-
ment at all stages of the decision process for the purchase
of plant and equipment =nd materials; uhereas in the chemi-
cal and metal manufacturing sectors of industry decision
process 1s predominantly departmental. Uifrerent depart-
ments have been found to be important in different sectors
of industry, for example: research and development carry
the major weight at the initiatien and technical stages of
the decision-making process for materials in the chemical
industry; design engineering is important in the engineer-
ing sector; and in addition to tne directors!'! strong invol-
vement in the textile industry, the production department
plays an above-average role and the purchasing department

a lower than average role. Production and engineering per-
sonnel (or other management) were freguently found to discuss
expensive purchases with suppliers before involving the pur-
chasirg department according to a study by Thain et al.
Shankleman, in & survey for the Neuw Scientist, gave more
detail of the degree of involvement that varipus individueals
had at various stages of the buying process. He found that
decisicns on the need for product type were shared between

management and engineers; decisions 2s to supplier choice

were shared between management, engineers and buyers; deci=-

sions reoarding selection and specification of brand were



R

shared betueen management and engineers with minor buyer

involvement; and that placing the order was done by the

buyer zlone.

Both Buckner and The Financial Times study indicated thet
purchasing tends to be centralised in most companies.,
Cver half the persons irvolved in purchasing having company-
wide responeibilities, although the purchase of materials and
components is marginelly less centralised than other types
of purchase, plant and eguipment, commercial vehicles znd

.

private cars feor instance.

Ueigan has recognised that decision-making units often have
decision influences affecting the team (i.e. consultant
engineers, professional colleacues in associate or competi-
tor companies, insurance firms, testing laboratories, con-
struction firms or government units, for example) who may

influence the purchasing habits of the organisation.

The Financial Times study illustrates Jjust how important
this can be in construction industry. In that industry,
purchasing habits for materials are strongly influenced by
outside organsiations at the specification stage - over 70%
of the construction companies who replied to thelr survey
relied on architects to specify not only the basic type of
characteristic building materials, but also the detailed
specification of the material. Brand has also suggested
that when companies are searching for potential suppliers
preference will be given to those knowr by the people

inside the purchasing company or to professional colleagues

employed in other companies. The search for potentisl
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suppliers is also likely to

0e restricted to known companies

se = +3 o _
because of time pressure. grand, Buckner and Sheth have

4+ : .
all suogested that the involvement of the buyer in the
declsion-making process is minimal until the technical

problems have been solved, althouoh Brand feels their influ-

ence may grou as they gain increasing recognition by senior

management. In 2 small study carried out by Lister, he
found that the purchasing executive played- an important
role in 20% of the cases studied. James A. Jobling carried
out a reletively simple survey of the purchasing procedures
ffor industrial glass among forty eight companies in the UK.
Flthough the research was not elaborate it does provide
further evidence of the importance of the purchasing func-
tion when buyino materials, as can be seen from the results
shown in Table 4.7. It clearly indicates, however, the
overall importance of design, for actuzlly specifying the
matarial. Even thoucoh the buyer is most active uhen one
source of repeat purchases is chanoed for another (see

Table 4.6) it should not be overlooked that in the neu-buy
situation it is he who invariably selects supplier and
negotiates the contract. Alexander, Cross and Hill claim
that this places him in a far more significant position than
the pther individuals influencing thne buying of industrial
goods. The Financial Times study suggested that the pur-
chasing departiment played a dominant role in the DMU for
basic commercial functions (such as identifying and maintain-
ing files on potential suppliers, price negotiation, delivery
and supply, final selection of supplier, and changing supplier

for commercial reasons) in the buying of matsrisls.



Table 4.7

The Rgle of Purchasing in .the

buying ‘of -Industrizl.:Glass

Who ie most likely to start
pre jects leacding to the pur-
chase of industrial glass
when:

a)It is for use in production
of a new product in the cust-
omer company?

b)Reguired to change the design
of an existino product?

c)Reguired because of a change
in a production process?

d)It is considered that a
change in supplier is advan-
tageous?

Who surveys alternatives and
decides the kind of materials?

Who determines the design and
specifications?

Who evaluates samples submitted”

Who chooses suppliers from
whom to obtain guotations?

Who decides which supplier
pets the order?

Which sectors in customer com-
panies receive sales reps?

# of respond-
ent companies
uhere purch-
asing is in-
volved

17

17

10

81

56

83

79

85

Ranking of
purchasing
in relat-
ion to
other fun-
cticons

Other functions in order of
importance when purchasing

is not ranked No. 1

(Percentage scores are civen)

Soard and generzl management

Design and development

Engineering
Finance

Design and development

Engineering

Board and general management

Production engineering

Production engineering
Production management
Design and development

Engineering

Board and general meanagement

Design and development

fngineering

Board ano general management

Production management

Research

Production engineering

Design and development

Engineering

Board and oeneral management

(source:

Jobling)




Furthermore, they suggest th

commercial factors play a-more

. o . )
siaonificant role than technical factors in the choice of =2

material supplier, probably because the purchase of materials

<

is much more "routine! thar

)

Q.

or plant and equipment.

ihis review of the DMU could not be concluded without exemin-
the individueals uwho see salesmen for incustirizl purchases.
The Financial Times report shouws that for materiale and com-
ponents, the purchasing manager is responsible for seeing
salesmen with design engineering staff playincg only a minor
role. For plant and equipment, the production manager is

most likely to see the salesmen although the purchasing

manager does still play an important role (see Table 4.8).

Table 4.8 LUho sees Salesmen for Industrial Goods

<

% of companies

Plant Component
and Materials Parts
Fguipment
Managing Director 23 14 -
Other Director 34 24 17
Production Director 29 17 -
Production Manager 46 33 36
Purchasing Director 22 20 -
Purchasing .Manager 37 72 68
Other Purchasing Staff - 28 31
Design Engineering Manager 2GC 21 25
Researcn & Dev. ManagerT - 20 -

Compiled from data quoted by The Financial Times




4.4.17  CRITIQUE

All the studies of Industrial Buyer Behaviour and the decision-

making unit have =&
sing how materials are bought by organisations. This flau
stems from the fact that the buying of materials is regarded
as a repetitive operstion, which it generally is

research has apparently neglected the fact that the intro-

fundamental weakness when it comes to analy-

, but previous

duction of a neuw material into an aorganisation does not follow

the repetitive pattern. Flthough the research indicates
those people respansihble for (i) deciding which materials
are to be used in a new product and (ii) drswing up the
specification of a chosen material, it gives a false indica-
tion of the person to approach in an organsiation when & nev
material is being introduced, i.e. the purchasing staff.

It is unlikely, for instance, that a2 material supplier would
get a new material adopted into the buying organisation by
approaching the purchasing department, who voulg fail to
understand the technical advantages of such a material. On
the other hand, the purchasing manager 1is undoubtedly the
right person to approach if the material producer has a com=-
mercially better material (i.e. he is selling an improved
brand of material at a2 lower price). A new material cannot
be adopted into a nau product until its technical feasibility
has been established and that can only be done by the design

and development people in 2 company. Indeed, experlence 1N

the avietion industry has shouwn that materials and components

are "sold" by the technical salesmen approaching mainly

design engineering people, who will then preoceed with their



technical assessment,

0 suggest that new materials: can

be sold by the material salesmen seeing ‘the purchasing mana-

ger of a company is surely misleadina.

4.5 LGROUPS RESPONSIBLE FOR FROMOTING MATERIALS

It 1s important for material producers tc be aware of the
various groups around the country who can help the promotion
of a materiel by providing informstion to potentisl users.

The institutions, e.a. the Institute of Metals, Institute of

Metallurgists and The Rubber andPlastics Institute are undoubtedly

bodies to whom information about new materials should be
fed, but there are many cther organisations that could be

of help.

Most of ths groups mentioned below are affiliated to a par-
ticular professional body or industrial concern and are
sponsors to a particular category of material. There are
other groups set up to deeal with particulsrly pressing mater-
ial problems: for instance, the High Temperature Materials
Committee set up by the Ministry of Aircraft Production,
dealt specifically with nroblems associated with high temper-

ature materials during the second world war (Whittle).

=

Occesionally, relatively informal groups are established by

n-nofessional enoineers in a particulear locality to discuss

and exchange information about experlences with materials.

One such group was the Midland Materials Engineerino Group

established in the mid-1960%'s bui nou less active. This

was essentizslly a club for industrialists, formed because

the members believed the engineering societies lacked inti-

i and their associated engineering
mate knowledge of materials

problems.



9y

More recently another group has been formed in the Midlands
at the University of fZston to promote an interchange on
materials between industrialists on 2 more formal footing.
The faterizls Technology Exchange Unit was established in
1877 in the belief that many firms had relatively simple
materials problems but lacked the experticse to solve them
themselves, or indeed kneu where to turn for advice. As
such, 1t is a body which attempts to deal with materials
problems of any kind rather tnan being affiliated to =

particular class of materizal.

The follcwing list of groups, although not comprehensive,
indicates the ranoge of bodies in this country who affiliate

themselves with materials to varying degrees.

The Aeronauticel Quality Assurance Directorate

The AGD is responsible for the guality
assurance of most aircraft related
products including zeronautical mate-
rials. It also sets and maintains
standards of performance. Physicel
and mechanical listing of many mate-
rials is possible. Development of
new inspection and testing techniqgues
for meterials undertaken, AQD
services gererally limited to the
Services and firms enagaged on dafence
contracts although other bodies may
be considered if facilities else-

where are unavailable.



Admiralty Marine Technolooy Establishment

The Agrement Zoard®

Aluminium Federation

that althoug
of a product,

Formérly known as the Admiralty Materials
Laboratory, it was set up to Qrovide the

naval service with & centre for research,
development a2nd investicetion in mater-

izls science and affilia fields.

av]
o
®
Q.

The Agrément Board has the backing of the
Building Research Station and the fire
Research Station, and was set up by the
Government in 1966 to test new building
methods and materizls and to certify
those which reach an acceptsble standerd.
Products for which an existing British
Standard Specification alresdy exists
will not normally fall within the scope
of the &Lgrément Board's services. Manu-
facturers wishing to have a product
assessed should apply to the Board and
pay a fee representing the full cost af

the work to be undertaken.

Fxists to serve the interests of firms
and individuals concerned in the prep-
aration and use of aluminium and 1its
alloys. Library and information sar-
vice available to outside users.

Publicaetions available.

et

the Agrément Board should be aware

h Agréﬁént certificates guarantee the quality
the system is snubbed by manufacturers

heczuse the prcducts are not recognised under the Building
Requlations (see New Scientist, 22nd June, 1978, p. B830.).



-~ 79

Asbestos Information Committee

The committee was formed by four com-
panies in the industry, and provides

technical and

ol

ion ocn all

e
[4¥]
e
'—J

eneral inform

is]

aspects gof eshbestos. Fublic ions

m
ot
b

availzable.,

Brick Development Association

Promotes the use of clay and calcium
silicete bricks and initieates research
projects. Structural advisory service

aveileble. Publicetions available.

British Cast lron Research fssociation (BCIRA)

BCIRA provides an advisory and consul-
. ting service, an information service,

and maintains a programme cof experimen-

tal research covering all aspects of

the production of iron castings.

The British National Committee on Materials

The BNCM (formerly 3Joint Committee on
Materials & Their Testing) was founded
in 1934 and consits of 27 constituent
societies. It has a purely advisory
function but aims to promote discussion,
and disseminate knowledge gained on &ll
aspects of materials science and tech-
nology. It encourages research into
material problems, testing, fabrication,
and use; and advises on education of

materials science and technology.
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Research fssociation (BCRE)
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fn amalgamation of the British Refract

. Research fAssociaticon and British Pottery
Research Association. BCRA carries out
research on the manufacture, properties
anc use of all types of ceramics. Some

publications aveilable to norn-members.

British Non-fFerrous Metals'ﬁmhmﬂggkauire

Promotes the interests of industry and
carries out research to this end. Con-

sultancy services avasilable to non-

members. Library, techniczl advice and
informaticn for members. Organises con-
ferences. Publications include BNF ab-

stract monthly.

Rritish Plastic Federation

Represents the plastics industry. Pro-
mctes co-operation betueen manufacturers
and sponsors research, Establishes
standaros for products; Publications

available.

st

Building Resesarch Advisory Service

ndvice is available on probleme associatec
with the design, construction or perform-

ance of buildings. Readily ansuered

queries are dealt with free of charge.

For other enqguiries a fee is charged,
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based on the time spent. Site visits may

@}
W

rried out and reports prepared. Luo-

o+

[

N R . . .
ations are gilven before work is put in

hand. ihere are five sites in the UK:

Aston University

Content has been removed for copyright reasons

Building Research Lstab

The scope of the establishment i1s broad.

1t includes work on the design and perfor-
mance of structures, fire protection and
prevention, building meaterials, construc-
tion technigues and the develcpment of
mechanical eguipment. Some cf the results
of the work are incorporated in Codes of
Practice and British Standards or published

in appropriate journals. Addresses of est-

ablishments are the same as those above



Committee of Directors of Research Associations

Represents

t
o0
®

Industrial Research Assoc-

iaztions of the UK. fims to achieve col-

[

aboration between them on matters of
common interest a2nd to provide a mezns

of communication for in

-1

ormaticn and
ideas from one to another, and with sim=-

ilar organisations in the EEC and else-

where.

Fulmer Research Institute

An independent arganisation that carries
out research in physical chemistry. cor-
rosion, physical and process metallurgy,
crystallography, electrodeposition, plas-

tics, ceramics and enamelling, plastics

and polymer organic chemistry, and pilot
plant studies. Multi-client projects,
technological market surveys and res-
earch management technigues available.
General consulting work, failure inves-
tigation and trouble-shooting. Publica=-
tions available. Informstion services
normally confined to staff and to spon-

E0ISs

Institution of Metellurgists

Professional body for metallurgists that
aims to promote the better education of
metallurgists. Publications and handbooks
available. Organises conferences and

COUTSESs
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International R & D Co. Ltd.

Materials Science Club

Involved in many aspects of engineering
including materials. Publications and
information service available. Market
and Techno-economic evaluation of pro-
jected activities and products available
to clients. Prototype design, develop-

ment and manufacture work undertaken.

5

R charitable organisation formed in 1963
after an Inst. of Chem. Eng'rs. working
party on materials. MSC provides an in-
formal forum for a variety of specialists.
Three meetings held annueally; guarterly
bulletin distributed; and 2 awards made

annually to outstanding materials experts.

Materials Technology Exchange Unit

A club for manufacturing concerns in the
Midlands. Advice is available on prob-
lems assaciated with materials to mem-
bers. Readily answered gueries are
dealt with free of charge. Feor other
enquiries and long-term studies a fee

is charged based on the time spent.

Midland Materiels Engineering Club

fn industrialists club formed in the mid
1960's to enable materials' engineers to
discuss and trade information about mat-
erials. 1t was never put on a formal

basis and now functions cnly irregularly.
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Physics Laboratory

s

'he Materials Group has the responsibi-
lity for maintaining the national stan-

dards of measurement in chemistry, fo

3

providing definitive datz on the enci-
neering properties of substances and cf

materials and for advising on meaningful

weys of specification of materials.

The Rubber and Plastics Institute

Provides z means for the exchangs of
ideas and knowledge on all aspects of
plastics and aims to advance education
in these fields. Orgasnises lectures,
discussions and meetings. Information

service availsble.

Rubber and Plastics Research Association

Carries out research and publishes infor-
mation on rubber, plastics and allied
materials. Undertakes sponsored research.
Library and information service mainly

for members who are manufacturers, sup-

pliers and users of materials.

Road and Building Materials Group

Professional body affiliated to the Soc-
iety of Chemistry and Industry which pro-
vides means for the exchange of ideas and
knowledge on all aspects of road and buil-

ding materials. Organises lectures and

conferences.



- 85 -

Special Steels User Advisory Centre

An advisory centre instituted by the Bri-

els

0]
o

tish Steel Corporastion's specizal

{

to

ot

division marketing departmen

[§®)]
’_l
<
@®

information on steel selectiaon, propsr-
ties and performance, fabrication znd
manipulation, sources of supply, appli-

cations and usage.

UKAEA, Materiels Technology Bureau

Advises on the use of modern fabrication

technigues for metals and ceramics, rub-
ber plastics, adhesives, surface coat-
ings, composites and foams, reactions
betueer solids or between solids and
cases at elevated temperatures, corros-
ion of ferrous and non-ferrous alloys

in high pressure water and steam at

elevated temperatures.

4,6 INNODVATION: MODELS AND CASt HISTORIES

The rationale far studying innovation mocdels and related

case histories was two-fold: firstly, 1t was examined
because the experience of others can often help one along

the learning curve more rapidlys; and secondly, because afy
indication of the development process that innovations follou
was thought to be useful, inasmuch that it might produce a

model that Dunlop could use for the development of carbon/

carbon.




It is important to unde

rstand what is meant by "innovation®

use 1t is Fha . Ly s L.
beca 1S @ word that has geined great publicity during

recent years and is aften confused with invention. There

are numercus definiti

0

o . s . Pa— g .
Ns o7 1nnovation, Six different

}ae

eroups were identifiied by Tinn

©

sanc in 2 study of 108

gdefinitiaons:
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.

PR . . - 5
2} introduction of new idea:

/ : S \ s . .
(3) invention; (4) introduction of invention: (5) an idea

R—

different from existing forms; (6) introduction of an idea

disrupting preveiling behaviour.

Here, the word innovation will be used in 2 broad sense, as
defined by Holt:

"Innovation is 2 process which covers the use of knowledge
or relevant information for creation arnd introduction of

something that is new and useful'.

Innocvations fall into two main categories, technological and
administrative. These are generally subdivided still further,
technoloogiceal innovations include product innovations and
process innovations; administrative innovations include

social or oroganisational innovations, financial innovations

and marketing innovations. None of these classifications
really describe the type of innovaticn with which this study

is concerned, that is material innovations. It does, houwever,
have the benefit of being 2 commodity, like energy, that can

stand cross-industry comparison, unlike other types of tech-

nological innovation.



4.,6.17 THE INNOVATION PROCESS

\ -t.‘ } ar o .
Innovetion can be & very complex process, reouiring the use

of knouwl

0

doe in order to create and apply somethinc that is

—t

h

'

N LN
new (Holt). Cess has been studied widely by many

m

@)

pr

people and a summary of nine models is civen below:

I}

i The Jdeukes et al. Model

This is basically an invention model following & linear

sequence of events: Pure Science - Applied Science -
Invention - Develapment - Frototype Construction - Production
- Marketing - Sales - Frofit.

Jewkes in particular has implied the entreprerneur outside

R & D organisations has been responsible for the many gresat
inventions znd subseguent innovations in the earlier half

of this century. But he does not take account of the many
inventions which were complete failures commercially.
Nevertheless, the model is valid and many innovations have
followed this route but it is not recommended as being the
best route to follow for industry today. Some of the smal-

ler firms, private individuals and universities still follouw

this route and guite successfully.

B. The Alien (J.2.) Model

£ linear model similar to Jeukes is put forwzard by Allen.

He sugoests the most commonly stated model to be:

Research - Development - Investment -Construction - Production

- Distribution.




But he does state that

1 : .
the linear scheme only very imperfec-

tly represents or does not describe at all, the innovation

£ + 1 S . : ) 3 \ . \ . .
effort in 2 firm or an industry.” The model is not modified
by fllen, he merely suggests that new oroduct introduction

I3 J.' 3 g t .
or revolutionary new processes might be superseded to economic

o s 1" . . ~ s .
adventege by "devising neu ways of doino

doi things, of organising
labour and utilising existing capital eguipment, of improving
material efficiency, cor of promoting new, markets or designs,
or generally by decreasing production costs by a combination
of many practices of these kinds."
C. The Myers Fodel
Another limnear model is put forward by 3. M. Myers:
Auareness interest Evaluation Filot study Implemertation

/ X\

Communication by Communication
printed word by spoken word
This sungests that an orgenisation is made awere of an inno-
vation generally by means of written word communication, and
that if this presentation is attractive enough it will lead
to interecst. Facts and figures are then used to evaluate
it, which, if satisfactory, leads to the fourth stage, a
pilot study. Persoral communication plays an important role
during the latter stages and providing the pilot study 1is
satisfactory the imnnovator will perhaps innovate completely.

The process can break doun at any stage and the task of the

implementing technologist is to progress the innovation through

each stage. |l ike the previous models, the Myers model is

descriptive rather than predictive and ignores external fac-

tors that may influence the progress of the innovation.
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aker portray the innovation process as a
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0e sequential operation as shown in figure 4.70,

and may be d

(D

scrib

D

d es follous:

1. Knouwledge. The innovation

attention and geins some understanding of it

2. Persuasion. Depending on the individual's perceived
characteristics of the innocvatiorn he will form a fav-

ourable or unfavourable attitude towards it.

3. Decision. The individuel engages in activities which

leacd to &z choice to sdopt or reject the innovation.

4., Confirmation. Provided the individual receives rein-
forrcement to his decision to adopt he will continue to
Lse the innovation, otheruise he may reverse his previous

decision.

The Rogers and Shoemaker model is complex, inasmuch as it
takes account of the external factors that can affect the
progress of the innovation, and indicates the communication
sources that influence each stage. Hcwever, 1t assumes,
the inmovation is for internal use rather than being incor-

porated in the individual's own innovation.

£. The Nabseth and Ray Model

Nabseth and Ray's sequential model shoun in figure 4.711 shows
a2 similar pattern to that of Rogers and Shoemaker. It was

developed after studying several industrial process innova-

tions The diagram does not indicate the variation in the
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at may occur in different corcanisation but the text of
gir work makes this clearer. [t indicetes that alert
nazgement teams will take 2 shorter time considering the
novation. Tne model fazils to indiceie external factors
1% The internal process of diffusion whithin

Figure 4.

lustration removed for copyright restrictions

affecting the process, and the text lists only suppliers,

competitors, trade and research associations, and the
company's own research and development work as being the

sources of information about innovations.
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F. The Langrish et al. Model

Langrish similarly expounds the linear-type models but in
twuo forms:

- Discoverv/push

w

(i> ! 1is

cience ciscovers, technoloqy applies' and mode

9=
w

nd 5 sbove fit this catecgory.

.. n - . . , . . ; ~
(ii) Technological discovery'" is the starting point of

the model, not a science discovery.
- Need/pull

.Y § ‘ . . . ,
(i) "Customer need" - the market place is recognised es

the starting point.

RN o \ . , . .. . PN \
(ii) "Management by objective' - need is identified by

management and not the customer.

The stucdy done by Lanarish et al. shoued that the need/pull
model was more prevalent than the discovery/push but that
there uaqﬁextreme difficulty in fitting a particular inno-
vation to one of the four categories. The innovationrs
generally fell into tuwo of the categories. Neither of
these models indicates the external factors that may influ-
ence the innovation process, or the explicit information

souTces that start and finish the process.

G. The Rothuell Model

Rothwell's simplified, schematic model of the innovation

process 1is shoun in figure 4.12. It recognises that inno-

vations sre started with needs generated in society or the

market place and matched with technological capability.



{ Figure 4.12 FfFodel for the

Innovation Process

ity

Hlustration rem oved for copyright restrictions

Rcthuell)‘
The external factors affecting the process are illustrated

but the information sources that instigate innovation eare

overlookec.

H., Bradbury et al. lModel

The model proposed by Bradbury gets away from the linear-

type model and shows that any one of six groups can start
the innovation seguence. The model shouwn in figure 4.13
was developed from experience in the process chemical indus-

try, and is the only mooel to deal explicitly with materials.

Fssentially, ideas for new products may be generated by any
of six groups, the end userT, manufacturer, equipment manu-

fzcturer, manufacturer of intermediates, raw materials sup-

plier and supplier of ideas.




Figure 4.73 Conceptual model of innocvation

lustration rem oved for copyright restrictions

)

/ ~ f
{Source: Bradbury et z1.)

It may be the need from the consumer or the material supplier
dreaming up a bright idea for his material. In any event,
the idee generator has to convince the other groups in the
chain and acguire materials and equipment to develop the
ides. The emohasis is on the bringing together of new
materials with the swareness of needs and demonstrates that

invention is only one part of the innovative process.

I. The Ward Model

Although not steted by Ward as being a model of innovation
his "successive focussing" technique must be classed as an

innovation model. Figure 4.14 demonstrates the ideas.




Figure 4.74 Focussed Innovation
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This is essentially a model in which the company is searchinag
for new products to dsvelop. It relies on four discretie

elements:

1. Dynamic product area - the company recocgnises its ouwn pot-
ential, its areas of experience,
desire to expand, the streams of

social and industrial change, etc.

?. Product and market - this is an exploration to see what
exploration the needs of the "world" are and

what other companies are doing.

3. Internal screening - to see if the found eareas of devel-
opment are really what the company

wants to be in.

4. External screening - is basically a market research exer=-

cise leacding to selected products.

This exercise nf its very nature means that the company is on
the look-out for potential product developments, but it is

looking for the "need" areas and not trying to push its own

inventions into the world.




4.6.2 CRITIQUE 1

o S —

Most of the models are of the sequential, descriptive type
which are of little use for predicting the outcome of an

innovation. As with the studies of Industrizl Buyer Beha-
viour, the models proposed have extreme difficulty in pre-

dicting human behaviour, and therein lies a great dilemma.

The outright claims of the discovery/push tvpe models expoun-
ded by Jewkes et al. and Allen have largely been superseded
by others (Langrish et al. for instance), who recognised that
innovations can often be of the need/pull variety. Langrish,
Rothwell and Ward have recognised that "needs" are often the
starting point of an innovation and although Bradbury recog-
nised that innovations could be instigated by any one of six
groups, he, and many of the others, have ignored the informa-
tion sources that themselves trigger off ideas. This aspect

is dealt with later.

Furthermore, several of the models fail to account for the
external factors that can affect the tenuous innovation
process. tnother failing of many of the models is their
unfamiliarity with the fact that the adoption of a particular
innovation is, in many instances - and particularly for those
crganisations adopting material innovations - directly re-
lated to the output of another product innovation, uwhich

13 i ! tion.
relies, in turn, on further users adop

The modele described herein all contain elements which are

of importance when describing the innovation process, but

individually they lack the cohesion that the sum of them
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gives. For organisations undertaking material imnovation,
it 1s therefore essential that they be aware of the indivi-

dual models and examine their position in relation to the

models.

4.6.3 THE USE OF CASE HISTORIES

Some mey think that the problems facing material manufactur-
ers in this advanced technology age in which we live are new.
The scale and sophistication of the problem may have changed,
but even 1In the eighteenth century there were cdifficulties

in getting new metals accepted. For example, it took

Or. James Keir (1735-1820) many years to get his metal
(54+05% Cu., 40+55% Zn., 5-4% Fe.) adopted by the navy for
their men-of-war, according to Boultor's papers. That was
for use as ship's bolts tc hold the timbers together.

Afﬁer several yesars! trizl, Keir's metal was choszn for the
bolts, having competed with iron and copper. The problem
had been to find a suitable material which would join the
ships! timbers satisfactorily, and resist electrolytic cor-
rosion caused by sheathing the hull exterior with a copper-
based metal. The iron bolts used until the sheathing was
put on corroded rapidly, and the copper bolts could not be
driven through the timbers successfully. Keir's metal rot
only overcame the corrosion problem, they could also be
driven home effectively. The barriers that were raised to
his innovation were several, and similar to tocay's, and it

took many more yeare before his metal found another use in

window~frames.
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Other historical innovations can be cited to illustrate the
problems that entrepreneurs experience, but just one more
example should be sufficient to illustrate the point.

John Harrison (1693-1776) Was the inventor and innovator of
the timekeepers that "solved the famous problem of finding

longitude at sea" (Gould). In 1714, the Government offered

a £20,000 reward for any "generally practicable and useful"
method of finding longitude at sesa. This prize was won by
Harrison some fifty years later for the fourth watch that he
produced, which, incredibly, had an error cf only fifteen
seconds in five months when tested in 1764. In other words,

the error was less than one tenth of a second per day.

This outstanding product innovation incorporated some notatle
material innovations. In particular, Harrsion's three large
marine time-keepers - Nos. 1, 2 and 3 - reguired no oil at
all. For, as Gould notes, "at practically every point uhere
friction occurs, the surfaces in contact are self-lubricating;
one being of lignum-vitae (a naturally greasy wood) and the
other of solid brass." Such bearings ran themselves in and
worked perfectly well unoiled, so long as their load was not
Excessive. A great advantage of such bearings was that the
time-keepers never required to be stopped, cleaned, anc re-
oiled. The barriers that were raised to this innovation

by the Royal Observatory and Board of Longitude make scombre
reading; the more so when one realises that it took thirty
years for his achievements to be recognised, and then not
all of the prize money was paid! In particular, he met

Wwith economic, organisational, personal and perceptual bar-

riers - although these are terms which have been described
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more recently by Bradbury, McCarthy and Suckling.  Table 4.9

gives more detail of these and technological barriers.

APlthough innovations of the seventeenth and eighteenth cen-
turies are far removed from the rapidly changing world of
today, they at least hint at the problems which material
producers have experienced in the past. Would it not be
wise, therefore, for producers of new materials to study the
path that other advanced technology materials have follouwed?
Such a study should hope to focus on the reasons for the
success or otherwice of a material's development. ARs

Conant has sasid (gquoted by Cahn):

"Almost all that a trained scientist has to go on when
he passes judgement on the prospects of a new venture
far removed from his own speciality is his knowledage
of the methods by uwhich science has progressed in his
oun experience. To a considerable degree a non=-
scientist may come to have a similar base for his
opinions. An intimate acquaintance with a relatively
few historic cases should assist him in finding his
way through the complexities of mcdern investigation

as he listens tc those who tell him what is being

proposed.”

Admittedly, as Cahn says, "Conant uas concernzad only uwith

scientific and not technological events', but the parallel

lessons are apparent to all. Unfortunately, the majority

of case histories presented in the literature fail to deal

Uith the "micro" aspects of the innovation, and instead

concentrate on the "macro' aspects. Nabseth and Ray have




Tabl
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e 4.9 Barriers to Innovation (Adapted from Bradbury et al.)

A
(1)

(ii)

(iid

3.

(i)

C.
(i)

(i1)

D.

ECONOMIC BARRIERS

Organisation will only undertake research if it believes
it to be profitable.
Purchaser of a new process/product/material will only
do so if the cost is louer or properties improved.
) Organisation may have to invest in capital equipment

to use research results.

TECHNOLOGICAL BARRIERS
A scientific or technological target must be achieved
- some studies hou main cause of project failure due
to poor manpower zllocations by managemen* rather
than technical problems.
Some projects are dependent on other projects in the
csame or different organisaticn, e.g. new equipment

for detecting aircraft reguired new communication system.

ORGANISATIONAL BARRIERS

"Not invented here" syndrome - could equally be "Not

interested here".

"Sgtisficing” rather than "optimising" type decision.

PERSCNAL BARRIERS

Different Groups have different targets, motives, backgrounds.

E.

PERCEPTUAL BARRIERS

Similar to C and D but there are two groups:

(1)

(ii)

different groups 1in the innovation chaln may possess

different criteria against which to judge neuw ideas,

e.g. accountant and englneer,

ney products are often judged against existing products.



suggested that this is a great loss, not only to students of

the innovation process, but also industrialists actually

involved with developing innovations. An overall picture
of the development of the innovation can be seen from the
macro studies, but too often they fail to alve the all-
important insight into how and why it developed as it did.
An example of such a failing is that most materizl case
histories deal with the technical aspects of the innovation
and fail to deal with the essential steps of how uses were
sought for the new material. Not all new materials are
introduced because they are in a positive need situation,
as will be shoun later (see Chapter 5). The information
channels that are used to link the material producer and
potential user are 2ll important, and should be subject to

further investigation, The need for more studies of the

micro type should therefore be manifest to all.

A large number of case histories are available in the litera-
ture, and Table 4.10 indicates those available on materials.
There are many more dealing with product and process inno-
vations. Investigation of these case studies reveals that
the varicus authors have studied the innovation process from
different standpoints. For instance, the Tanenbaum study
was carried cut fcr the Department of Defence im the USA, and
many of the cases involved materials developed for military
applications. This suggests that the lessons learnt might
be awkward to transpose to the commercial world. The

Langrish et al. study, on the other hand, was concerned with

innovations that had won the Queen's Award to Industry and

therefore all were regarded as successful innovations, and
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Table 4.70 A list of published Material Case Histories

and their source

(Note: th? symbols X e [0 etc. indicate those material
cases that have been presented by & variety of authors)

Vig+ 3
Material Source

Cemented Titanium Carbide Cutting Tools

"Lockalloy" - A beryllium-aluminium
composite

Polysulfide Polymers
Xsilicones

Polybenzimidazoles Tanenbaum et al.

Antiozonants for SBR Rubber

"Oyroceram" Brand Glass Ceramics

Missile Grade Graphite
"Lodex" Permanent Magnets

Superconducting materials

Reinforced Concrete

'Lytag', a lightweight aggregate used
to make lightwelght concrete Langrish et al.

Synthetic material (polypropylene)
for coardage

Rare earths

Bakelite
®1Cellophane’
'A‘Derspex‘, methyl methacrylate polymer

@Neoprene
Onylon
C)Polyethylene Jewkes et al.
X 5ilicones

Stainless Steels
*1'Terylerne' polyester fibre
VTitanium

Tungsten Carbide

(J.A.f. Buchanan)
The Institue of Met-
allurgists

Super Plastic Aluminium

Layton

& Float Glass

/contd.e...
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Table 4.10 (contd.)

Material

Source

B rio=t Class

Nabseth and Ray

Viecose Rayon
® 1Cellophane!
Rcetate Rayon
@ Neoprene
Cordura high-tenacity rayon
B‘Lucite‘, methyl methacrylate polymer
O nylon
Polyvinyl acetate and alcohols
Teflon
O Polyethylene
Orlon acrylic fibre
V Titanium

+ Dacron (USA trade name for terylene)

Nelson

O Polvethylene

+ 'Terylene!

Allen, J. A.

'Corfam', synthetic leather

Robertson
(1974,1977)

Magnetic ferrites TRACES
ARluminium
Fibre Glass Corey

Polyvinyl Chleride
Polystyrene

the study by Nelson of Du Pont's successful material inno-

vations was only superficial.

gation of material and

The Jeukes et al. investi=-

product innovations was a compilation

of successful inventions/innovations describing the all-

important role of the 1

vieuwpoint. 1t woul

‘nyentor but gave only a macroscopic

4 be more useful if information about
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failed innovations was available, and although the.paired
study by SAPPHO did just that, it was not concerned with
material innovations but rather with product innovations

in the chemical and instrument industries

The compilation and documentation of case histories is un-
doubtedly useful to students of inncvaticn and industrial-
ists involved in innovation alike. Unfortunately there is
room for improvement in such documentation. For example,
three case studies drawn from the reinforced plastics
industry were presented at a one-day seminar on Product
Innovation on 21st November, 1966 at the Central London
Polytechnic. All trace of these proceedings have been
misplaced, and as such must be considered a great loss in

building up our knowledg= of the innovation process.

4.6.4 CHARACTERISTICS OF TECHNOLOGICALLY INNOVATIVE FIRMS

- EMPIRICAL EVIDENCE

There are many factors affecting the success of an innovation,
be it with a new material or a product. The characteristics
that make a firm technologically innovative are many and
varied. Robertson, in comparing four mejor studies on
innovation, suggested over twenty four characteristics that

an innovative firm should have. Before examining these
characteristics the basis of the four studies should be under-
stood. Project SAPPHO, as has already been mentioned, was

a paired study of successful and unsuccessful innovations in
the UK - tuenty two pairs from the chemical process industry

and twenty one pairs from the scientific instrument industry.

Carter and Williams examined two hundred successful product
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rocess d ts i : . '
or p evelopments involving research and development

departments in the UK. An American study by Myers and

Marquls 1nvestigated 567 successful innmovations in the hous-
ing, computer and railroad industries, wherezs the Langorish
study 1nvestigated eighty four successful innovations in

Great Britain that had gained Queen's Awards to Industry.

The characteristics of a further two studies, by Tanenbaum

and Layton have been added to Robertson's initial table for
comparison purposes. The Tanenbaum study investigated ten
material innovations in America and Layton investigated ten
innovatione, including product and material innovations, in the

UK. The resulting characteristics can be seen in Table 4.17.

Although apparently adding ueight‘to Robertson's initial
findings, it is egually obvious that different characteris-
tics have been found in the different studies; and this
variability, or instability as Downs and Mohr term it, fails
to give confidence for suggesting positive features which
potential innovative organisations should try to emulate.
For example, there are few commcn features between the dif-
ferent studies, only items 1 and 19 - namely good communica-
tion between innovator and the market place, and needs of
the market understood and identified - are common to all six
studies. Further, there arz only two other features com-
mon to four of the studies: items 5 and 25 - a good commun-

ication and co-ordinetion betusen different management groups

and a top person who promoted the innovation within the org-

anisation.
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Utterback's (1974)

innovation.

Robertson).

studies (see Table 4.12)
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authoritative review of+ innovatien has also

recognised that market factors haye

ninety per cent of important innovations in a variety of

a primary influence on

His comparison of some of the major innovetion

has shown that betuween sixty and

fields were stimulated by market demands or needs (c.f.

Table 4.172 A comparison of studies of the proportions of

innovations stimulated by market needs and technological

opportunities.

Proportion from
market mission

Froportion from
technical oppor-

Author or production tunities Samnle
nqeds n size
(%) (%)
Baker, N.R. et al. 77 273 3() ¥
Carter and Willi-
ams 73 27 137
Goldhar 69 31 108
Sherwin and +
Isenson 61 34 710
Langrish 66 34 84
Myers and Marguis 78 22 439
Tannenbaum et al. 90 10 10
Utterback (1969) 75 25 32

% Ideas for new products and processes.

+Research events used in 20 developments.

(source:

Utterback, 1974)
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The identity and function of the top person uwho promotes

innovation within an organisation has undergone considerable

investigations, as indicated by the studies mentioned in

Table 4.17, Schon introduced the concept of a2 "Product
Champion™ and sugaested that such individuals played an
important role in successful innovations., He defines this
individual as an enthusiastic protagonist of an innovation
in an organisation which is structurally unsuited to under-
take such a project, or where there is opposition to it.
Achilladelis found, uhen investigating the chemical indus-
try for project SAPPHO, that two individuals could be iden-
tified as persons who precmoted the innovation, the business
innovator and the technical innovator. The business inno-
vator was found to be often an older man with authority in
the firm, able to manage scientists and engineers, with a
good grasp of technical matters. On the other hand, the
technical innovator was an individual in his early thirties
who had joined the firm after completing postgraduate studies,
and was given the chance to work on his curn approximately
five years after joining the firm. Jervis, who also worked
on SAPPHO found Innovation Managers, i.e. the individual
actually responsible within the management structure for the
overall progress of the innovation project, to be far more

important than product champions.

"Technological Catekeepers" have been shown by T. J. Allen
to be important individuals for introducing information into

i | i -
the research and development laboratories of American organ

isations. Frost and Whitley, however, suggest that while

gatekeepers exist in English laboratories, their importance
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is not as great as suggested by American studies. Further,
there appears to be no evidence to suggest that technological

gatekeepers play important roles in engineering industries,

in this country.

A study by Corey, which is seldom guoted, examined the devel-
opment of markets for aluminium, fibre olass and the plastics,
polyvinyl chloride and polystyrene, in the United States and

really deserves mare recognition. He cconcluded that a

material producer who wished to introduce a2 neuy material

should undertake extensive marketing programmes at two levels:

(i) with the immediate customers, generally the end product
fabricators and (ii) by using long range promotional program-
mes in the end product market, demand can be created among
customers and industrisl users. It is suggested that build-
ing the fabricetor-customer group will be affected by tuwo
basic considerations: a) will the fabricator need to invest
in considerable capital eguipment to make the end product

or can he utilise existing manufacturing facilities and

b) will seliing the neuw end product help to strengthen the
fabricator'e market position? Corey claims that the relat-
ionship between the material producer and the fabricator can
be initiated and strengthened by the producer himself. For
example, technical development of the new product by the

material producer may make it possible to build a broad

fabricator/customer groupe. By exercising such technical

leadership the material producer may effectively maximise

his own sales to the end-product manufacturers.
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4,6.5 CRITIQUE 2

The variability betuween different innovation studies is pos-
sibly the greatest criticism that can be levelled, particu-
larly when trying to suggest characteristics that firms
intending to innovate should possess. This is probably

even more serious uhen studies of product and process inno-
vations are combined for comparison. It is doubtful uwhether
much enlightenment can be gained from such cross-cultursal
analyses. A better understanding of the characteristics
necessary for the technologically innovative material pro-
ducing firm might be gained by comparing studies of material
innovation uwhere such cross-cultural barriers are removed.
The reason for stating this is simply that all manufacturing
firms are obliged to use material (and energy) for their

products, whereas the choice of adopting product and process

innovations is far more industry related.

It has been suggested that the majority of successful inno-
vations are initiated by user organisations with a need.
Unfortunately, little is said by the studies mentioned here-
in of hou potential user orgenisations are identified.
Further, the possibility of serendipity playing a part in
matching material producer and potential user is totally

ignored.

There are still more points at issue regarding the character-

. . . . . i i lar, material pro-
istics of innovative firms, and in particular, P

ducing firms, that are left undiscussed. For example, the

question of uhether a material producer should concentrate

all his efforts in developing products with one user (or one
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type of industry) is not mentioned. There - are advantages

and disadvantages when pursuirg one user, e.g. successful

11 ~
bread and butter" type products help finance further pro-

duct developm t i - ;
pments, but the material nroducer's success relies

largely on the success of the user which will fluctuate over

time.

The risk attached to innovation can either be high or lou and
the resulting commercial success is related to the charac-
teristic of the development and the time available.

Parker has illustrated this in Table 4.13. Whether material

producers should aim for the relatively safe substitutional,
or incremental innmovation rather than the radically new pro-
duct development is another neglected area, with only a feu
authors recognising technical change to be usually incremen-

tal 1i.e. Myers and Marquis, and Hollander.

The production of materials generally becomes more economic
as the scale of production increases, which is, in turn,
related to the number of actual material purchasers. Mate-
rial producers are sometimes in the position of being able
to see new markets opening up for their material, provided
the cost can be reduced to acceptable levels to these neu
potential users. They conseguently examine and sometimes
introduce new or revised manufacturing methods which will
reduce the price of the material and open up the foreseen
market, On the other hand, there are material producers

who often fail to examine the benefits and opportunities that

ccomomies of scale can give and never get the chance to intro-

duce the material to new markets. This point is illustrated

in figure 4.15.
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The question of whether technologically innovative material
producing firms investigate economies of scale early on has

not been examined by any of the studies mentioned herein.

Another area that is not investigated, and there are no doubt

more, can be summarised guite quickly by the follouing gues-
tion: are technologically innovative firms, particularly
material producers, more likely to develop product ideas in-
house, patent such products and then introduce the product

(including the new material) to the world?

Figure 4.75 TIllustrates the effect economies of scale can

have on opening new markets to a materisl pro-

ducer.

Market A

e
1 Market B

(A)

Production costs

Cost of material per unit

(8)

Quantity ———em

The cost of producing a material at the rate indicated by line

A means that only Market A, which can afford that price, 1is

. . - i of scale are
available to the material producer. If economies

introduced and the production costs can be reduced to, say,

line B. then neu markets, i.e. Markets B and C which can afford
’ b4

the lower priced material, become available for exploitation

by the material producer.
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4.7 PRE-REQUISITES FOR SUMULATING DEMAND

4.7.1  THE NATURE OF DEMAND

Distinguishing betueen the "demand" for = product and the

Mo " . )
desire  for a product can pose aukuard problems for the

marketing executive uho has to unravel the difference.

Rccording to Willsmer, "...demand exists only at the point

where a transaction takes place." It is therefore very

important to distinguish between demand and desire.

wWillsmer has illustrated the difference with the following

straightforward example. You may have a very strong

=

desire to cwn a Rolls Royce car, but unless you are amcng
the fortunate few, it is unlikely that you will ever be able
to buy one. A piece of consumer research by, say, test
drives, would perhaps produce a highly favourable result
with one hundred per cent saying they would like to ouwn

one. However, unless the result is analysed in terms of
who can afford to buy and maintain one, it will give a very

false picture of the likely market for Rolls Royce. Thus,

although "demand springs obviously from utility'", as
Henderson has noted, "the only motive for buying anything

: "
is that it will serve some real or fancied use.

Marketing, then, is concerned with demend and not supply,
but as the adage says, demand creates supply. The other
side of the coin, i.e. supply creating demand, is, however,
the position that meny material producers find themselves

in, unless the material has been developed for a particular

user. Fven then, the material producer can find himself

in the position of having a supply and wanting te create 2
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demand when he wants tg Expand his output,

Oor reduce his

reliance on cne Customer.

The three rules that have formed the cornerstone of economic

theory have been knouwn for 2 goad many years:

1. UWhen at the price rulirg, demand exceeds supply, the

price tends to rise, and vice versa.

2 A rise in price, tends, sooner or later, to decrease

demand and to increase supply, =z2nd vice versa.

3. Price tends to the level at which demand is equal to
supply.
(Henderson)
These laus can be illustrated graphically in the well-knouwn
supply and demand graph shoun in figure 4.76. Such a pic-

ture clearly shows when a material producer introduces a

Figure 4.16 The effect of Supply and Demard on the price

of a Commodity

Price
per
unit

Quantity demanded (D)
and supplied (s)

new material the price will naturally tend to be high when
the demand is low. This being the case, uwhet, then, is the

demand pattern that a material producer is seeking to fulfill?
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The pattern of sales life cycle varies according to the type
of product that is being sold. For a product that is bought

once only in a fixed size market, such as buildings, oil=-

rigs, and the like, the sales life cycle will look like that

shown in figure 4.17(a). For 2 product that is purchased

rather infreguently, such as 2 car, or @ machine tool, the
sales life cycle will be made up of new sales and replace-
ment sales., Here, the buyer will be influenced by the wear
of the product, the general state of the economy, and also
the amgunt of product improvement since his last purchase.
The sales 1ife cycle of such a2 product will be similar to
that shown in figure 4.17(b). Yet & different cycle will
arise for neu products that are freguently re-purchased

(see fiqure 4.17(c)), such as consumer and industrial non-
durables, of which materials is a good example. The number
of persons buying the product for the first time increases
and then decreases similar to the non-repurchaseable new
product sales life cycle. But superimposed on the first
purshase sales volume is another amount representing repeat
purchase sales volume. Material producers would no doubt
like to see the sales life cycle of their material looking
like example (c) in figure 4.17, but to begin with, they

have to concentrate on that first purchase which is common

to all new product introductions.



Figure 4.17 Pattern of Sales Life Cycle for Different

Types of Product

e
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Time
(a) Sales volume, non-cumulative, sales life cycle
for a non-repurchasable new product in a
4=
fixed size market.
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. product.
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(c) Sale life cycle for a repurchasable new

product.
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4.7.2 DEVELOPMENT OF DEMAND FOR MATERIALS

There is sufficient empirical evidence to suggest that the
usage of materials develops over time and follows an approxi-
mately seguential pattern. From his study of the Branze
Age, V. Lordon Childe observed that the progress of metals

followed a set pattern, (see Table 4.14).

Table 4.174 Materials Utilisatiaon Sequence

(derived from V. Gordon Childe and Gregory)

Stage 1. Discovery or introduction

Stage 2. Urnamentation, leisure or military use
Stage 3. Technical exploitation

Stage 4. Every-day practical application

Stage 5. Throwvaway outlets

Examples of such a seguence are rampant and Table 4.15 iilus—
trates this for four different materials, aluminium, iron,
polyethylene and titanium, The field of application for neu
materials is genesrally restricted by its high initial cost

per kilogramme, and the high cost of research. This generally
implies military and aircraft uses uwhere the advantages cf
such materials are appreciated and can be afforded. Je. E.
Gordon has guoted the ironic example of a water pump gland

for cars which his firm developed and which they were prepared
to guarantee for 100,000 miles. He states that "the cost

was only fractionally more than the usual sort but none of

the mctor manufacturers were interested". Perhaps this

indicates the extreme difficulty material producers will have,

should they try to jump over various stages.




Table 4.75 Examples of Seguential Development of Material

Usaqe

(Each stage refers to that described in Table 4.14)
Aluminium
Stage 1. Introduction early 19th. century

Stage 2. Jewellery, cutlery, works of art, cavalry helmets

Stege 3. Aircraft frames and engines

Stage 4. Roofing, consumer products, electric cables

Stage 5. Packaging - "easy open" cans

Iron

Stage 1. Discovery betueen 3,000 and 1,400 B.C.
Stage 2. \Ueapons - spears, knives, etc.

Stage 3. Tools - ploughs

Stage 4. Cooking pots

Stage 5. Packaging - cans

Polyethylene

Stage 1. Discovery 1937

Stage 2. Radar and submarine cables developed during
Second World War

Stage 3. Atlantic submarine telephone cables, other electri-
cal cables, arnd film and sheet for agricultural
and building applications

Stage 4. Household eguipment such as kitchen-uare

Stage 5. Packaging - film wrapping for food

Titanium

Stage 1. Discovery and introduction 1940's

Stage 2. Military aircraft engines and airframes, yacht
masts and fittings

Stage 3. Developments in chemical, medical, nuclear and
engineering industries

Stage 4.)
) Has not yet reached this stage of development

Stage 5.)
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4.7.3 METHODS OF FORECASTING DEMAND

Liversey has claimed that the -tuo most important general
determinants of demand for consumer products are income and
price. Robert Leduc houwever, suggests that social factors
as well as economic factors will affect demand for products.
He claims that demographic trends, sociological trends (e.g.
urbanisation, decentralisation of industry, amount of leisure
time and the way it is spent, influence of television, etc.),
economic trends (both long- and short-term), and market
trends (e.g. growth of self-service and larger selling areas,
appearance of new distribution channels, extension of shop
hours, and so forth), are the principal factors affecting the
demand for new products in the community. Such factors no
doubt affect material producers who are supplying the meater-
iels used in consumer products, but when they are one, tuo

or even three steps removed from the consumer, the task of

analysing such trends becomes more awesome.

Kotler has identified six major methods for forecasting demand,
although there are actually only three bases for building a
forecast, that is (a) by uwhat people say, (b) by what people

do, or (c) by what people have done.

The first of these - uhat people say - encompasses three
methods: (1) survey of buyer intentions, (2) composites

of sales force opinion, and (3) expert opinion. These
methods entail a close scrutiny of the opinions of buyers

or others close to them, such as salesment or outside experts.
The third of these methods - expert opinion - may also allude

to controlled experiments of consumer attitudes and for
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details of such methods you should refer to Liversey, or:
Sowter, Gabor and Granger for instance. Building a fore-
cast on what people do involyes anothér method: (4) put-
ting the product into a test market area, possibly using
a2 limited geographical areas. The last two methods, (5)

classical time series analysis, and (6) statistical demand

analysis are used to predict demand from what people have

done. Essentielly, they involve analysing nistorical

records of buying behaviour.

The aforementioned methods of forecasting demand have mainly
beer developed for predicting demand of consumer products.
Whether or nct such methods can be used for predicting demand
of industrial products and in particular predicting demand
for new materials is another matter. The first three meth-
ods, which revolve around what people say, can be used for
predicting the demand for a new material if the potential
user knous exactly the product in which it will be incorpor-
ated. But, and it is a big but, such methods cannot be
used until the potential user(s) have formalised their own
product ideas. This means material producers will bhe left
wonderirig how to forecast demand for their material when
product ideas have not been conceptualised, The fourth
method, using market test methods has the same basic failing
of the first three methods when the product has yet to be
conceived. And the firmal two methods, using historical
data of customers' previous behaviour with neu matérials

can give no guarantee of them doing the same with another
new material. When the current or future conditions can be

so different from those pertaining to the period in which
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data was collected, historical datsas renders the past a poor

guide to the future.

4.,7.4 CREATING DEMAND

There is scant evidence of hou industrialists, including
materiasl producers, forecast the demand for their products,

and what there is tends to be subjective.

Nabseth and Ray, who examined eight industrial product and
process innovations, found (i) that an increase in demand
for a firm's particular product led to a call for investment
in new productive capacity, and hence led to an increased
demand for product innovation, and to a lesser extent they
found (ii) that for 2 given demand, neu processes will be
introduced more rapidly in firms with old equipment rather
than those with new capital eguipment, simply because re-

placement of equipment is more urgent for the former.

Corey has suggested that material producers have three
promotional assets uwhich his customers (in most cases the
fabricators) may not possess in egual measure: technical
skill and reputation, promotional strength, and stratecgic
position. As such, the material producer, with possibly

the strongest motive, is in the best position for creating

the initial demand. Depending on the type of material, the
material producer can try to create demand for consumer end
products or industrial products:

Creating Material Primary Demand for New Consumer End Products

Primary demand has been defined by Corey as "the demand for

1"
a product which may be made by one or more manufacturers’.
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Such demand for new materials can best be stimulated by. the
materials producer's brand promoticn, the effectiveness of
which depends on: (i) the nature of the end product i.é. the
characteristics which differentiate the materials from others
and (ii) the cverall promotionsl programme, i.e. ensuring
that the aggressive promotion which may at first include some
educational content, is backed by an adeguate distribution

network.

This can best be illustrated by one of Corey's cases.
Owens~-Corning introduced fibreglass marquisette curtains
just after World War Tuo. The characteristics uwhich dis-
tinguished these curtains from others were the fact that
they would not burn, rot or mildew, they required no ironing,
and also their attractive translucent guality. Owens-
Corninges overall promotional package included: technical
service to the weavers to ensure the production of a high
guality fabric; promotion of the product using television,
magazine and direct mail advertising; and also included
working with the sales people in the retail outlets on the

display and demonctration of the product..

4,7.5 CREATING PRIMARY DEMAND FOR NEW MATERIALS IN INDUSTRIAL

PRODUCTS

Corey has again assumed that the material producer has
established an end product in principle for the new material,
and uvorks at creating demand from that point. He suggests
there are two broad objectives of any market introduction,
(a) to overcome any resistance to the new product and to

create demand for it quickly and (b) to prevent misapplication
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and 1mproper use of the new product thus assurina initial

m

atisfactory experience.

Such an introductory marketing programme can oftsn involue
working closely with a limited group of potential users.
The material producer can direct his efforts at three Qroups -
(i) the potential manufacturers of the neuw product, (ii) the
potential end user of the new product or (iii) some intermed-
iate. In many instances, working with potential manufactur-
ers can be very speculative unless they are very strongly
motivated. On the other hand, working with the potential

end user can have its advantages once the benefits of the new

product are realised, by pressurising the manufacturers, both

old and new. There are three factors to be considered before
working with the potential end users:

(i) the end user is unlikely to co-operate unless he will
benefit considerably by adopting the new product in-
stead of an existing product.

(ii) the strength of the end user's relationship with
existing suppliers may be a problem.

(iii) unless the potential end users are few in number and

easily reached, it could be difficult to persuade

them to adopt the new product.

It has been demonstrated in the past that working with poten-
tial manufacturers can prove very difficult if the introduc-
tion of new materials and processes alters the whole tech-
nology of a firm or industry (see also Section 4.2.2) and

this should also be borne in mind when deciding to approach

potential manufacturers Or end users.
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4.,7.6 CRITIQUE

Although it is commonly recognised that demand creates sﬁpply,
the position in which material  producers find themselues, is
apparently less evident, that is, having a supply and wanting
to created demand. Methods of forecasting demand have, to
date, concentrated on consumer end products, although it seems
egually feasible that some of these techniques could be trans-
posed to forecasting demand for industrial products. Unfor-
tunately, all the technigues except those using historical
records assume that the end product is known to the manu-
facturer which, alas, is not always the case for the material
producers. The historical analysis methods are also of

little use for predicting demand of new materials.

The methods used to help stimulate demand for materials

have been examined empirically by Corey, but even he has
assumed that the material producer knous what the end pro-
duct will be. In conclusion, it is all too evident that
there is a distinct lack of understanding of the prereguisites

necessary to stimulate demand for new materials.

4,8 SEARCH METHODS FOR FINDING USERS

A search operation is a complicated business, whether it be
for users of a new material, an exploration for mineral
deposits (coal, oil, etc.), an audit (i.e. searching for
errors - accounting for instance), s military search for
enemy aircraft or ships, OoT even & child searching for a lost
ball in a field. This review is essentially concerned with

the way in which an organisation can instigate a search opera-



tion for materiel users., Very little has been written
about such a2 task and this account relies to a laroe extent

on studies of operations research, orgsnisational behaviour

and even child psycholoqy. flthough concerned with mater-
ial producers searching for actual users of their materiel,
the study zalso encompasses to some extent the way 1n which

customer organsiations search for products, as the problem

is 2 complex search and match exercise.

The materiel producer generally instigates a search process

for new materizal users when he wishes to expand his output

to other users, and/or reduce his reliance on too few cust-
OMETS. Material producers should understand that customer
organisstions usually need a high level of dissatisfaction
before they will undertake & search for neuw suppliers,
according to Cunningham and UWhite. There are houever,
other factors which may stimulate a search operation, for
example: changes in the ultimate customers requirements;
changes in other suppliers' products; technical improve-
ments in production processes; the possibility of financial
savings; wooing from other suppliers of improved services;

and changes in product reguirements.

4.8.17 SEARCH THEORIES

Most problems are concerned with making decisions when all
the information that is necessary is availabie. Ackoff
and Sasieni have recognised that these conditions are rever-

sed in a search situation, i.e. we know what we ought to do

if we had certain required information. They describe two

types of search situation:



(i) qualitative-guantitative, which refers to the “relevant
characteristic of the individual elements of the population
from which the sample is taken'. For example the qualita-
tive situation may be regarded as assigning an individual to
observe a particular class (e.g. defectives or acceptahles,
correct or incorrect), the quantitative situation consists

of observing some measurement 2long a scale (e.qg. income

per household, weight of an element, etc.).

(ii) distributive-collective, which refers to the "use that
is to be made of the results of sampling". For example the
distributive situation can be considered as the action taken
by an indiuidual rather than collective basis (e.q. & defec-
tive part is sent back for repair whilst the acceptable part
is sent on, or 2 high income family is placed on & certain
mailing list), the collective situation refers to action
taken on a collective basis (e.g. the entire lot from which
the sample is taken is either sent back or sent on, the

entire neighbourhood is placed on the meiling list).

These static type of search situations can in no way be-asso-
ciated with the dynmamic search situation where we are looking

for new material users.

The theorists studying organisational behaviour have examined
search operations from two standpoints. First, they have
considered search activities as a function that copes with
uncertainty by identifying alternative solutions to problems.
Second, and stemming from the first search process, is the

concept of searching for the conssguences of particular

alternatives (Mumford and Pettigrew p.53).
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March and Simon (1966) have shouwn that investigators do not
search out all the alternatives available to them but seek
@ satisfying rather than optimising solution. The "opti-

mising"

3

and "satisficing" approach to decision making
theory wes pointed out by Cyert, [ill and FMarch (19677,

and they form the basis of tuwo search types. The optimi-
sing approach was derived by economists, and treats busi-
ness behaviour as a rational attempt to maximise profits,
with businesses knowing exactly uwhat they have to do to
achieve this aim. Business is thus viewed as a very logi-
cal activity where optimum solutions are aluzys sought, and
assumes that the decision maker knouws all the alternatives
open to him. Cyer£, March, and Simon, on the other hand,
all believe decision making has a more behavioural stance.
They are the main advocates of the satisficing approach,
which sees human decision making behaviour as encompassing
various acts in an organisation - searching, chocsing, and
problem solving (Cyert et al. 1956; March (ed) 1965; HMarch
and Simon 19663 Simon 1961, 1965). Because of man's

shortcomings (e.qg. man can only handle a limited amount of

information, and he has a limited ability to perform only
a few things at any one time) he seeks a satisfactory solu-
tion rather than the optimum, and this can act as a barrier to

innovation as indicated in Table 4.9.

Etzioni (1968) believecd both theories could be improved
because of their lack of consideration of external forces
(psychological and political pressures for instance) acting
on the decisinn makers. He put forward his own theory which

has been termed as the art of "muddling through'. In effect
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this says that large scale decisions to change are not taken,

but rether that smell reforms in an incremental manner are

undertaken., It is 2 "mixed scenning" technigue, which com-
bines the retional and incremental approaches that seperate
the basic decisions from the small decisions. The besic,
or fundamental decisions are treated to = broad search DTO=-
cess concentrating on the alternatives at the expense of

the detail. Minor decisions relating to subunits of the
problem are given less coverage of the alternatives but are
much higher on the detail. Such a technique does not solve
the problems but merely attacks them, and only 'improves'
rather than finding some specific goal. It also suffers
from two problems: (i) the étrcng can be over representad
at the expense of the weak in decisions taken this way andg

(ii) it may not be appropriate for new forms of technology.

Now consider the second concept, searching for the conse-
quences of particular alternatives. Knight (1967) has
found that uncertainty can be reduced or controlled by
groups searching within their cognitive limits when seeking
a viable solution. Mumford and Pettigrew believe that the

viability of alternative solutions cannot be established

unless the conseguences of implementing such alternatives
are known i.e. the conseguences to the organisation, sub-
groups and individuals. Simon (1961) sugoested that search
for consequences was carried out after the alternatives had
been identified, but Mumford and Pettigreuw, who investigated
the decisions taken by an organisation introducing a compu-

ter system disagreed. They found that many alternatives




were screened out almost immediately on the basis of undesir-
able conseguences, and those feu alternatives that remained

were subject to a closer scrutiny of their conseqguences at

a later date. Furthermore, they suggest that the search of
the consequence of introducing the alternatives is mainly
limited to technical or economic effects, and that little
thought is given to the human Consequences, a point which is
also borne out by MecKinsey Associates. They found that the
operational feasibility of a neu application was often negle-
cted until after it had been implemented and found wanting,
which in their words was "the costliest kind of feasibility

test",

Such search techniques and the accompanying conclusions are
of use to the material producers, in as much that they shou
how many organisations seek out new products. At the same
time they suggest some problem areas that they should try to

overcome when undertaking their own search operation.

The work described by Cohen and Christensen uwho investigated
the search patterns shown by children of varying ages, offers
some interesting parellels for the material producer and his
search operation. Not only did they show that the child's
search strategy improved with age by reducing the uncertainty
at each step and actually structuring the search (a move

from an element-type to a set-type strategy in Cohen and
Christensen's terminology), they also showed that the older
child was more aware of influences on the situation which
vere outside his control. An analogy of the "suweep width"

in a search and rescue operation was made, and to a degree
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is applicable to the search for new material users. For

example, the factors affecting the sueep width are the same,

only in a different guise:

(i) type of target: in both Ceses the identity of the
target may be unknown. The target (i.e. potential custo-
mer) is there but has to be excited before the searcher can

see it.

(ii) speed at uwhich search unit is moving: in the case

of the search and rescue operation, a slow, lighter than

air machine could be available for a very thorough search

of a chosen area and any targets within that area would
almost certainly be found. If houever an aircraft is
available and a very much wider search over a far larger
area i1s undertaken there is the likelihood of seeing tarqgets
that are rmot there but missing those that are. Similarly
in a search for new customers, there is the possibility of
missing the prime customer and finding the second best, or
worse none at all if the search is moving either too fast

in the right area or too slow in the urong area. A happy
medium must be found and that is not easy. Whilst patience
may be regarded as a virtue when developing advanced tech-
nology business, it is as well to be aware of external devel-

opments and modify the search speed accordingly.

(iii) visibility: both types of searcher are dependant on
visibility to identify the target. For the material pro-
ducer, visibility can be of his own making - if he can make
the target shout loud and clear, identification is fairly
easy. Thus, visibility is in some manner related to the

degree of provocation produced by the material producer.
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The selection of the correct communication channels plays

an important role here - sge Section 4.9 and Chapter 7.

An unstructured search (e.g. looking for a lost bell in

one corner of & field, when it is just as likely to be in
the middle, opposite or anyuhere else) is quite fruitless
for the material producer and child alike, However, a
structured search can also have its pitfalls: Bartlett

has suggested that 2 searcher following & structured search
routine 1is likely to continue along his chosen route regard-
less of evidence proving that a different course would be
better. This could be akin to a material producer being
convinced that his material is ideal for making candles

and not restructuring the search when it is shown to be an
excellent dielectric, as happened with polyethylene initial-

ly (see Appendix B).

The ideal search, particularly for material producers would
be done by choosing the search areas so as to get the maxi-
mum possible information but this is not easily done. None
of the above authors provide definitive answers to such a
problem but rather serve to make one aware of the nature

of search operations and higlight some of the traps to be

aware of.

A more explicit search process, giving actual practical
guidelines is given by Ward, and forms the backbone of his

'successive focussing'! innovation model described in sectlon
4,6, Ward has described six stages whici an organisation

planning a product search and introduction study should be

aware of: this is reproduced in Table 4.76.
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Table 4.76 Table showing stages for a single product-
nlanning study summarizing the action to be taken in

segquence or parallel.

Description
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Befine say 10 functional dynamic areas, con=-
sistent with the company's resources and
experience, embracing but not limited to
their existino business, plus basic scresn-
ing criteria.

Canduct a carefully defined and systematic
worldwide search within the agreed dynamic
areas for self-contained proorietary product
opoortunities which might be introduced under
licence or some other acceptsole manufactur-
ing and sales agreement.

Explore corresponding sectors of the market
in order to identify emerging or unsatisfied
reguirements and to check the probable demand
For products discovered; also ascertain pDosS=-
sible parallel reauirements of present cust-
omers anc diversification lines successfully
adooted by competitors, at home and overseas.

Investigate orospects for acquiring companies
or agencies, serving to extend or complement
the company's product range, or to provide
additional manufacturing or marketing resour-
ces necessary to exploit the products
recommended.

Evaluate the products brought to light, tech-
nically and commercially, and particularly
with reference to competitive activity,
through & procedure ranging from coarse
screening to market research in depth.

positive course of action and
introduce nroposed associates, with a detailed
orogramme for implementation, showing cash
fFlows and prospects for further innovationg
also advising generally on the negotiation aof
agreements and indicating oossible lines of
longer-term development; resolve identity.

Recommend a
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Although this is essentially for the firm that wishes 4o

manufacture new products, the principle behind the operztion

are Jjust as applicable for materis] producers searching for
potential users. Ward has suggested several information
sources that should be cultivated ocver the years when carry-
ing out such & search; sources such as engineers, consult-
ants, patent and licence agencies, research foundations,
development bodies and government establishments throughout
the world who are prepared to foruard product information.
The effectiveness of such sources was not indicated by Ward

but it is the subject of a detailed investigation in a

later section and Chapter 6.

4.8.2 S0OME EMPIRICAL EVIDENCE OF SEARCH HABITS BY BUYING

ORGANISATIONS

White has provided evidence to show that there is a tendency
for both humans and animals to search for information even
when their needs are satisfied, and that such a search
behaviour is not accounted for as a means of anxiety reduc-
tion. Simon (1956) has also noted such tendencies to pro-
long a search and suggests the cause arises when the invest-
igator is dissatisfied with the available solutions.
Moreover, as the searcher progresses along the learning
curve he becomes more adept at recognising clues which sug-
cest avenues of investigation that are fruitfull to pursue
further. Mumford and Pettigrew found from their research
that the search process was often prolonged by the innovator

group and top management reformulating goals.




Conversely, if the alternatives being pursued are seen to

be leading to guite a different gosl from that originally
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sought the search is likely to be limited or even halted
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echnolooy would he
@ never ending task, and that there must be some factors
which draw the search to 2 close. Morris (196A) hes pointed
out that in a2 technological society, information costs are
escalating all the time, and that 2z theory relating the cost
and value of information is needed. The search process
itself has a major cost attached to it and the allocation of
resources for securing information is really an investment
decision (Koopman). Following an investigation of the info-
rmation that a firm reguired for investment decisions on
computer systems, Hzawugood and Mumford believe that the search
for information should form part of the total cost of the

pro ject.

The high cost of searching for information is obviously e
limiting factor but there are other causes which can limit
the search. A lack of perceivable benefits and the need
for standardisation were two other reasons given by Cunninag-
ham and White who investigated the number of guotes reques-
ted by various firms in the machine tool industry. 0f the
fifty one companies they contacted, one third requested
only one qguote. Such findings are in broad agreement with
those of Kettlewood who found that fifty per cent of the
forty three freight transport companies he contacted in
Scotland had not invited competitive guotations during the

previous ten years. Cunningham and White found the average
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number of quotes to be requested by each company to be
three; with companies tending to search more alternatives
as the machines increased in velue, innovation and techni-
cal sophistication, and also as the machines fulfilled

replacement rather than expansion reguirements.

Cardozo, who studied the methods of obtaining guotations,
found that customers tended to adopt either = seguential
evaluation (i.e. telephoning suppliers one after the other)
or a2 simultaneous scanning approach (i.e. examining returned
tenders at the same time). Those companies using the sequ-
ential evaluation tended to hsve shorter lists of potentizl
suppliers and were less likely to change their suppliers

than those using the latter technique.

Mumford and Pettigreuw's investigation of the computer system
selection procedures showed houw personal interactions can
affect the search. 1f several systems are under investiga-
tion by different members of a search team, the individuels
tend to push their oun work foruard for selection because
they are closely 1identified with that unit. The decision
makers, say the Board, then have to unravel the personal
arguments from the technical as best they can when deciding

upon a particular system.

4.8.3 CRITIQUE

Material producers face an extremely difficult search and
match problem when looking for users of new materialsj it
is a problem that has received scant attention by research-

ers.
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The search situstions described by Ackoff and Sasieni give
no help to meterial producers who face = dynamic search
problem. It is useful to know that the beheaviouralists

have shown most searchers aim for = satisfectory solut

@]

M -

}te

both to themselves and the organisation - rather than the
optimum. That they "muddle through" to 2z solution which
has been affected by political and social pressures is of
interest, but their thegries fail to indicate viable search
technigues that 2 material producer could emmulate. It is
perhaps of more interest to note that the "mixed scanning"”
technique advocated by Etzioni is probably & fair represen-
tation of the search technigue employed by many firms seek-
ing a new materiazl for a new product. That is, many
materisls are scanned and evaluated rapidly on technical
and economic considerations, leaving say one or two candi-
date materials. These two materials are then subject to

a more intensive evaluation uwhich examines the consequences
of implementatian., Failure to examine such consequences
can in turn lead to commercial disaster as McKinsey et al.

and also Pick (1972) - see Section 4.2.2 - have hinted.

The search methods discussed by the psychologists serve to
show some of the problems that can pre-empt a search of any
kind, including the search for material users e.g. searchers
who insist on going along wrongroutes for too long at the

expenses of either unexpiored or too qguickly scanned areas.

Of the different search methods discussed, the most practi=-
cal for material producers and the most easily understood

is that put forward by Ward. Nevertheless, it is too sim=-




plistic to say do this, this and this and the search will
be completed. It gives guidelines as to hou best to get

information during the search but it lacks evidence of

their effectiveness.

The empirical evidence provided by organisations of their
search habits, indicates: the factors that can prolong or
limit searches; some of the search technigues used by buy-
ing organisations; and the personal interactions that can
affect decisions. However, it fails to indicate hou a
material producer should search for new material users.

It seems feasible fhat a material producer could search
either actively or passively for potential users as indicated
in figure 4.18. fll applications for materials arise from

either a passive or active interaction between supplier and

end user but this type of interaction has gone unexamined.

Figure 4.18 Four models of Supplier/End-user Searches.

SUPPLIER END-USER
(a) Passive —a 5 = Active
E .
(b) Active —= i e Passive
R .
(c Active -= C & Active
H .
(d) Passive -= = Passive

To understand the models it is necessary to have active and
passive defined. The Concise Oxford Disctionary states:

Active - Given to outuward action; working effective; ener-
getic, diligent, acting of one's own accord, acting upon others.

Passive - Suffering action, acted upon; not active, inert.
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4.9 LFFECTIVE COMMUNICATION STRATEGY

Material producers, or for that matter, any selling organisa-
tion, that fails to communicate their wares to potentisl cus-
tomers will naturally fail to sell. This is particularly
true for new innovations, as Nabseth and Ray have recognised:
"For the individual firm, information about a new technigue
is a pre-condition to adoption.™ It would therefore seem
prudent to study the diffusion of information as well as the

actual adoption.

It has already been shoun that the composition of the
Decision-Making Unit (DMU) varies betueen firms, industries
and even from one decision to the next (Section 4.4.).
Failure to recognise this can have profound conseqguences
for suppliers. Individual members of the OMU have differ-
ent needs and will naturally try to minimise the risk ele-
ment of decision-making by seeking information (Bauer).

An astute supplier will realise this, identify the key indi-
viduals, and then determine his own profile that he wishes
to present, as Hill and Hillier have discerned. They sug-
gest a successful marksting strategy will incorporate =
supplier profile and communication (message/media) matrix.
Suppliers and customers are thus linked by a communication
network when various fundamental guestions have been ansuw-
ered (figure 4.19). This can only be done if the supplier
has a real understanding of organisational buyer behaviour.
When a supplier has this understanding it can help to
"Optimise the effectiveness of communications", as Hill

and Hillier point out.
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Figure 4.19 The Communication link between Supplier and

Customers (Source : Hill & Hillier)

Aston University

Content has been removed for copyright reasons

4.9.7 INFORMATION SOURCES USED IN THE ADOPTION PROCESS

Most students of innovation are convinced that effective
communication is vital for the success of an innovation
(e.g. Carter and Williams, Langrish et al., Burns and
Stalker, Myers and Marquis, Rothuwell et al. (1974), Freeman
et al. (197?), and Utterback (1971», and several studies
of communication patterns within organisations have been
made. Research and development laboratories have been
scrutinised in particular. Notable studies in this area
are those done by Allen and Sloan in the USA, Frost and
Whiteley, Walsh and Baker, and Hall and Ritchie in the UK.
Such studies have investigated the role of communication,

as used by scientists mainly in research and development

environments. All, to varying degrees, put forward the
idea of a "technologicel gatekeeper" coupling with the cut-
side world. It is argued by Allen and Sloan that "...new
information is brought into the organisation through the

gatekeeper". Much of this information is gained by read-



ing, particularly the harder type literature. However,
the evidence presented by the British authors suggest that

the role of the technological gatekeeper is not so important

in the UK as it is in USA.

WUhilst technologiceal Qatekeepers have been identified as
important individuals uwho feed information into American
scientific establishments, there is little evidence to
suggest that the same is true for engineering organisations
in either the USA or UK. Both Allen and Sloan, ang
Rothwell (1975b) who did a comparative study of five inno-
vative works (Langrish et al., Myers and Marquis, Rothuwell
et al. 1974, Freeman et al. 1971, and Utterback 1871) con-
cluded that the information habits of scientists differed
significantly from those of technologists. It is suggested
that scientists couple more regularly with extra-organisat-
ional sources and rely on primary source literature (i.e.
scientific journals, university laboratories); whereas
technologists use mainly in-house sources and secondary
source literature, (i.e. trade journals and textbooks).
This is in common with engineers selecting materials (Sec-
tion 4.2.1.), uhere it was stated that information sources
included handbooks, British Stardards, and literature from
research asscciations, and manufacturers' and suppliers!

catalogues.

Studies of the information sources used during (a) idea
generation and (b) problem solving processes have highlighted
a reliance on personal contzact. For example, Myers and

Marquis, and Utterback (1971), say that for idea generation,



personal contact accounted for 34% and 44% of the ideas

respectively; wuhereas literature accounted for only 10%

and 15+3% of the ideas respectively., For problem solving,

personal contact accounted for 22% and 2179 of the ideas

and the literature for 9% and 8:4% of the ideas respectively.
Other authors have also suggested that the literature iec of
secondary importance to personral contact for generation of
new product ideas. Holt (1974), Ouen, and Parkinson have
all added weight toc the argument that litersture is a8 poor
medium for gensrating ideas. Indeed, Ouwen, uwho made a

study of mechanical engineering projects said:

"Mechanical engineers make small use of published information,
that in acquiring information they prefer informal contact to
a formal system, and coral communication to reading. They
usually consult only easily accessible sources and are quick-

ly deterred if the information found is not readily compre-

hensible to them."

The above references indicate that written sources have a

low value uwhen it comes to generating product ideas. How-
ever, students of the innovation process believe that papers
and trade journals should not be dismissed so quickly. For
example, Gibbons suggests that:

"It could be that transfer via people is easier to spot....
perhaps because it 1is more dramatice Typically, scientists
and engineers do not keep records of their reading habits

and frequently they do not remember when or where they picked

up the ideas which figure later in technical problem solv-

ing™".



Robertson (1976) has Proposed. a-study of the written word

and 1ts effect on technological innovation, the aim of which

i " .,
is to test whether "the uritten yorg plays a more signifi-

cant part in technological innpvation and particularly suc-
cessful inmovation than has hitherto been recognised"
This study in particular was brought sbout because of the

7 n
popular belief that "a person to person transfer" is more

usual than the written word in technology transfer.

Indeed, it is difficult to understand how some people can
suggest that the literature plays only an insignificant role
in developing innovations. For example, it is commonly
recognised that the development of printing was largely
responsible for "accelerating the diffusion of information
and ideas in the Renaissance and Reformation™. Burns and
Stalker believe that the appearance of scientific journalism
in the nineteenth century played a similar role in develop-
ing technologies uwhere personal communication was replaced
by mass communication. The books and journals that appeared
rapidly from the 1850's onuards "spread the new learning to
the utmost limits of literacy in industrial Britain" with
the help of clubs and institutions. Thus "knouwledge of
existing or presumptive demand for goods and services....

was spread at random among a very large proportion of the

literate population. The fact that it was so spread meant

that innovations might appear anywhere, might be lighted

upon by almost anyone'. (Burns and Stalker).

Many surveys (particularly by technical journals themselves)

have already shown that technical journals are the most

widely used basic source of information. Independent stud-
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ies, such as that by Robertson, will make these other surveys
more plausible if it can be shoun that the uwritten word has

an important role in the innovation process.

Various authors, Rogers and Shoemaker, and Beattie and Reader,
for instance, have already highlighted a ma jor difference
betueen the mass media and personal channels for communicat-
ing information. Whilst the personal communication chan-
nels are "excellent for communicating something really well

to an individual", (Beattie and Reader), the mass media
information sources, be they reports, magazines, radio and

so forth are more useful for presenting selected information
to a wide audience. Rogers and Shoemaker, as has already
been indicated, have suggested that the innovation decision
has four steps:

(1) Knowledge (2) Persuasion (3) Decision (4) Confirmation.
They go on to suggest that to influencz the knowledge func-
tion, the mass media information sources are relatively more
important. On the other hand, to influence the persuasion
function, the interpersonal channels are relatively more
important. The advantages of the mass media and interper-

sonal channels are shouwun in Table 4.17.

Table 4.17 Advantages of (a) Mass Media and (b) Interpersonal

Channels
Mass Media can: Interpersonal Channels can:
(i) reach a large audience (i) allow a 2-way exchange
rapidly; of ideas
(ii) create knowledge and (ii) can persuade receiving
spread information; individuals to form or

change strongly-held

(iii) lead to changes in attitudes;

Wweakly-held attitudes.

(Source: Rogers and Shoemaker)




However, there seems to be some disegreement betueen resear~

chers as to which are the more important informatioh soutces

for early adopters¥, Rogers and Shoemaker believe that

mass media sources are relatively more important than inter-

personal channels for the early adopter rather than late
adopter. But, Bower has provided some evidence to suggest
that personzal influences are more important than impersonal
influences for early adopters rather than late adopters.

There is obviously room for further research in this area.

Nevertheless, putting this ambiguity aside, it is believed
that as the adoption process proceeds the number and variety
of sources consulted increases, with the speed of adoption
being greatly influenced by the amount and quality of the

information (Ozanne and Churchill, Webster 1969).

As far as personal sources are concerned, industrial sales-
men appear to be a key element in generating interest.

For industrial marketers, their credibility can be regarded
as being a funcotion of the company's reputation and the
salesman's presentation. According to Webster (1968),
bath aof these factors influence what a customer is willing
to believe about a product. Although the evidence that
individuals act as opinion leaders in industrial markets is
inconclusive (Webster 1968), there is some evidence to sug-
gest that members of the DMU do consult competitors, other

organsiaticns and members of professional institutes

(Ueigan, Hillier).

*¥ Adopter categories such as early and late adopters are
described in detail in Section 4.10.4.



It seems likely that the diffusion of information about a
new technique is a time-consuming process, a fact which has
been confirmed by Carter and Williams, and Nabseth and\Ray.
Carter and Williams concluded in their study that "the back-
ward firm may not hear of an ides for several years after

it has been made". Nabseth and Ray suogested that the time
lag between the first and last firm's awareness of a neuw
process could be as much as ten years, although for the
majority of firms this is shortenmed to five years. Further-
more, they have provided some evidence to shouw that the big
firms get information about new processes earlier than small
firms. This was most apparent with information about
numerically controlled machine tools in America, Germany

and Sweden, and specizal presses in Germany and Sueden.

Most firms with more thanm one thousand employees got the

information before those with less than one thousand emp-

loyees (Table 4.18).

Table 4.18 Size of Firm and Date of First Information

First information

obtained
1960
efore or Total
later
NC machine tools
Employing less than 1000 22 2 43
Employing 1000 or more 30 8 38
Total 52 29 81
Special presses
Employing less than 1000 10 69 79
Employing 1000 or more 7 28 35
Total 17 97 114
Special presses excluding US firms .
Employing less than 1000 10 69 r
Employing 1000 or more 7 1
Total 17 80 97

(Source: Nabseth and Ray)




4.,9.2 COMMUNICATING WITH DECISTION=MAKERS

It is commonly recognised that the sellers!

main problems are

(i) to design the best possible message and (ii) t0 ensure

it is recelved by the intended receivers in the intended man-

ner (Kotler, Hill and Hillier). The first of these reguires
an understanding of the target buyer(s) whilst the second
entails knowledge of the weak points in the communication
process e.Qg. encoding, the message, the message channels,
decoding and timing. For the communication to be effective,
it must meet four considerations as summarised by Wilbur

Schramm:

1. The message must be so designed and delivered as to oain
the attention of the intended destination.

2. The message must employ signs which are common to the
experience of source and destination, so as to "get the
meaning across”.

3. The message must arouse personality needs in the recei-
ver and suggest some ways to meet those needs.

4. The message must suggest a way to meet those needs which
is appropriate to the group situation in which the recei-

var finds himself at the time when he is moved to make

the desired response.

Hill and Hillier, who believe that an effective communication
strateqgy revolves around the target, timing, media and the

message, examined each in turn:

Target: Once the supplier has decided which products to

offer o which industries and market segments, he has then

to concentrate con the company level for communication.



Essentially this entails identifying/key members of thé bMu

i
i

- 1 o { ~ Q &
elther the recommenders, or approvers . of qummendatlons

- and communiceting in the right fashion with the target

) .. - ., ,
individuals. lhey suggest the target can be identified bv
(i) field research (using either inter or extra-orgcanisat-
ional research bodies) which describes them in terms of
"demoaraphic fact " i i3 j 1

gTaj 0rs” or by (lL) & deductive approach, uhere-
in the supplier with some knowledge of the market, can
deduce that because items are bought for specific reasons

and usage, then certain types of individuals are involved

in the purchasing.

Timing: Buying in industrial organisations can take months
or even years depending on the complexity of: the technical
problem, caommercial negotiations, human interacticns; and
whether the product is buyer or supplier specified. The
information requirements will change as the purchasing
activity proceeds; and it is therefore necessary for the
supplier to know when the different decision stages take
place, i.e. precipitation, product, supplier and commitment

-

decisions, and the composition of the DMU at each stage.

Media: Communiceting with industrial buyers can be by a
variety of methods - salesmen, and direct or indirect adver-
tising media. The expenditure level will be determined by
the nature of the task and therefore by the information
sources used by individuals in the buying process.

Salesmen: Personal selling usually plays a major role in
any industrial marketing communication, but it is costly

and reaches only a limited audience in a limited time.



There 1s some evidence to sugest that sales prospects are
greater 1if the salesmen are compatible with the buyers
(Davis and Silk). Salesmen should therefore be selected
accorcdingly.

Advertising Media: It has already been shown that there

is evidence of impersonal methods (trade journals, neuws-
papers and so forth) being a useful means of communication,
particularly for new purchases. If it is accepted that

the advertising media can act as a useful means of communi-
cation with the DMU, the next problem is to link the approp-

riate media with the target individuals. These sources

are discussed in detail a little later.

Message: Any supplier wishing to sell his products must

be able to show thsat his products will meet the needs of
the customer with the minimum of risk. The supplier is put
in the difficult position of having to know which charact-
eristics of his product to stress in the message. This

is made even harder because the profile devised has to
appeal to all members of the decision-making unit and not
just one member of it. For example, the recommenders will
want detailed technical, delivery and handling information,
whilst the approvers may only want brief technical and com-
mercial details. Price is often stressed by customers as
the most important factor of the suppliers profile but 1in
fact this is not always soO. It is more realisticﬁto con=-
sider the total cost of procurement, i.e. the sum total of
cost of buying (includes searching for infor-

price guoted,

mation, testing, etc.), and costs of the consequential ad-

justment (sorting out the problems of an unsatisfactory pur-
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chase) . Although such a total cost is all too frequently

ignored by both supplier and customer alike, it is likely

that there will be & trend towards such costing in the

- R . . ) . .
future. several studies which have examined supplier profile

variables are of help to the supplier in designing his pro-

file. For example, Pingry showed that product reliability,
reliability of manufacture and of delivery were all more
important than price fer hydraulic components in America
(Table 4.19). Hammet found that price was the most impor-
tant factor in deciding supplier for a particular grade of

oil in Sweden with quality and delivery ranked equal second

(Table 4.20).

Table 4.19 Ranked importance of Supplier-profile Varizbles
far Hydraulic comporents in United States

Mean rank Standard Median

score deviation SE??Z
(1) Product reliability 4+70 +52¢4 5
(2) Reliability of manufacture  4°+57 <789 5
(3) Reliability of delivery 450 -809 5
(4) Speed of delivery 4272 - B59 4
(5) Price 422 636 4
(6) System capability 391 1033 4
(7) Innovativeness 376 1103 4
(8) Previous experience 371 1-035 4
(9) Discount policy 338 1.1071 4
(10) Depth of product line 3416 14122 4
(11) Breadth of product line 2+90 1121 3

N.B. (Rank sccore based on 5 point scale where very import-

ant = 5 to very unimportant = 1) (Source: Pingry)




Table 4.20 Ranking of Criteria used in deciding supplier
for a particulsr grade of oil in Sueden‘
Rank Cverall

Tst 2nd 3rd 4th 5th Eth rank
Price 149 38 x4 7 2 5 1
buality 43 77 42 26 12 9 2-3
Technical service 1 10 33 48 52 2% 4
Delivery 33 67 73 28 9 6 2-3
Payment terms 1 12 12 26 13 18 7
Salesman 3 5 4 6 13 22 §-9
Technical capability 2 5 g 33 33 31 6
Facilities and eqguipment 0O 4 6 8 17 16 8-9
FPrevious experience 2 9 18 36 49 46 5
Cocumentation procedures O 0 D 3 2 8 13
Product range 0 4 3 3 11 22 10
Financial assistance 1 1 0 0 1 2 14
Location 2 1 3 3 4 2 11
Security of supply 0 0 0 0 1 0 16
Ease of communication 8] 0 §] 1 1 1 15
Reputation 0 0 0 0 0 0 17
Other 1 3 1 2 1 1 12

(Source: Hammet)

4.,9.3 INFORMATION SOURCES USED BY DECISION-MAKERS

P wide variety of information sources are available to
decision-makers, and the sources used depend to a large
extent on the decision-meker and his function. If the

design function - which represents one of the main bodies

of decision-makers for materials (see Section 4.4) - is
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examined, one finds a vast pool of information sources

svelleble to designers (figure 4.20).  Such & disgram of

the information flous affecting design (proposed by GCregory,

~\ . -
1977 illustrates the complex nature of the information pat-

terns that designers and draftsmen handle during their

warking days. It shows the interrelation of many differ-
ent infarmation sources from education and experience to
recorded (written =nd unuritten) and unrecorded sources;
and indicates what a time-consuming business actually gath-

ering information for design can be - fifty per cent of a

designer's time is spent gathering information.

Sharpe recently described the benefits of various inform-
ation sources available to the engineering industries for
both buying and designing. Included in his revieu were
computer services, technical journals, directories, res-
earch association, exhibitions, conferences and libraries.
While most of the sources that Sharpe cites appear to be
useful at first glance, he makes no real mention of which
ones are effective for particular functions. One of his
most apt comments about conferences and exhibitions 1is

that while they may provide the bzst forum to see what com-

petitors are doing, they can be very uwasteful of time.

If, houwever, there was some means of finding out which
sources were (a) best suited for particular information
dissemination and (b) regarded as effective by the poten-
tial users of the information, then the communicator could
judoe which sources were best suited to his needs. Rs it

is, much information appears to be put through the wrong
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Figure 4.20 Information Flows Affecting Design

[ Source : Gregory 1977)




sources and in some cases is not Qﬁﬁerstandable by the pot-

ential users - as Rothuell (1975b) hae pointed out. Only =

few studies appear to identify the most useful information

sources for perticular functions. To illustrate the diverse

range of 1nformation sources ang their effectiveness in dif-

ferent situations, a feu examples are given.

Briggs and Rees, who examined the effectiveness of communica-
tion channels used by the Department of Heelth and Social
Security for communiceting availability of supplementary
benefit to the nation, found posters to be the most effici-
ent; the supplementary benefit offices themselves were
ranked quite louw (see Table 4.21%). This provides further

evidence of the utility of the written word at the awareness

stage.

Table 4.21 Claimants! most useful sources

No. of % of all
mentions mentions

Posters 317 18«1
Post Office 243 138
TV 208 11+8
Radio 35 2+0
Press 134 76
Information s=nt from SBOffice 108 62
Informaticn from visit to SB Office 107 9.2
Friends, relatives 210 12-0
Social Services 40 2+3
Medical Servies 43 2+5
Advice centres 21 12
Pension book notes 100 5+7

134 76

Unemployment benefit office

100-0
Total 1754

(source: Briggs and Rees)



senior technlcalmanagersin the British Steel

. . R i ‘
industry over a decade ago., Their results showed that even

though there were many journals peculiar to the engineerinag

industry available, the financial Times uas regarded most

highly by managers. A similar study carried out by the
Financial Times itself in 1967 showed it to be the most imp-

ortant source for keeping managing directors in touch with

business trends and developments.

Following an investigstion of information requirements of
polymer chemists at thirty nine establishments, Menzel
concluded that the literature - articles, reprints, hand-
books, other’books and unspecified literature - uas the most
important source for "findings" information, i.e. information
about facts, data, findings or constants, and that personal
communication was the most important source for "procedural”
information, i.e. information about proceduers, technigues,
materials and apparatus. Table 4.22 shouws the result of his
study on the incidence of different forms of information

channel.

Another study carried out by Parkinson investigated the
information sources used in the earth-moving industry.
This showed that the potential users of new machinery re-
lied heavily on the local dealer, whilst trade journals

were hardly used at all. Table 4.23 illustrates the

forty nine respondents’ rating of the usefulness of the

range of information sources available.
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Table 4.22 Incidence of dif?eréntféorms of information
channel
e ————
Airticles and reprints (includin - o
orinte, etc.) g pre 107 encounters (25%)
Handbooks 54 (7)
Other books 46 (1;;)
Literature - unspecified 26 (£0)
< ey
Total - published primary literature 208 (495)
Total - semi-published literature 33 (8%)
Secondary publications 5 (1%)
Library and information services 2 (0%)
Total from the literature 248 encounters (58%)
Total personal communication 176 (41%)
Total from presentations, conferences —_Z (1%)
and seminars -
Total (all channels) 428 encounters (100%)
(Source: Menzel)

Table 4.23 Effectiveness of information sources in the

earth-moving industry

(A11 percentages calculated on a base of 49 firms)

Not Not
Sources of information Highly Middle at all used Total
useful point useful
Leaflets and brochures 45%*  24% 12% 18% 100%
Trades shous/exhibitions 35% 20% 14% 31% 100%
Trades journals 18% 10% 20%  5%% 100%
Demonstrating 65% 65 0%  2B% 100%
Local distributor 61%  12%  10%  16% 100%

Members of cwn organisation 37% 4% 8%  51% 100%

Cther sources of information 16% 4% 0% 79% 100%

¥ To be read: 45% of the respondents to the postal survey
said they felt that leaflets and brochures were a highly
Useful source of information when they began to evaluate
the various types of (machine) available.

(source: Parkinson)
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The media have also investigated the readership habits of

businessmen, mainly in an attempt to promote the sales of

] sponsors! i : .. .
their sp s’ medium. However, the definitions of "busi-

144 . .
nessman’ used in media research on readership behaviour are

often incompatible with those used to describe members of the

decision-making unit.

One of the most recent and broadly~based surveys was the
Business lMedia Research Committee and Research Services -
(BMRC) "Businessman Readership Survey 1977", which was car-
ried out in the UK. The BMRC defined a businessman as

"A man or woman whose occupation implies the exercise of
significant managerial, executive, technical or advisory
functions, and who works in an organsiation eligible on
grounds of size." They examined the readership habits of
businessmen in terms of national and provincial neuspapers,
and general interest and business magazines. Over five
hundred usable replies were received from businessmen in
engineering and technical services, and Table 4.24 gives an

indication of the reading habits of design and production

people.

Hill and Hillier criticised an earlier survey of BNMRC (1973)
on the grounds that classification of the personnel was in=-
compatible with that of studies of buyer behaviour. As an
example, purchasing uas ~ited as an area of primary respons-

ibility in the BMRC survey, which it is not, according to

buyer behaviour studies, particularly for the new buy situa-

tion (see Section 4.4). There is no indication that BMRC

have improved their categorisation and the criticism still
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Table 4.24

Businessman Readership of Selected Media in

£
ngineering and Technical Services.:

Daily Newspapers Design
Daily Telegraph 35
Financial Times >
Guardian 14
Times g

Sunday Newspapers
Observer 14
Sunday Times 35
Sunday Telegraph 13

Weekly Magazines
The Engineer 23
The Economist 7
New Scientist 15

Monthly Magazines
Factory bquipment Neus 8
Production Eguipment Digest 6
What's New 4
Mechanical Engineering 22
Chartered Mechanical tngineer 17
Engineering 26
Engineer's Digest 9
The Director 3
Industrial Management 3
Industrial Purchasing Neus 3

12

Management Today
.Modern Purchasiﬂg

Procurement

Reading
Production

21

N
(8N}

L0

16

27

13

14

16

12

24

29

11

14

2




stands. Further, although the survey examined readership

habits in various industries and in different sized firms,

there is no way of judging uhether the respondents included

ision-maker i
dec kers for materials or any other product for that

matter.

An earlier survey by the New Scientist (1974) asked for
information on occupation, type of manufacturing industry,
mangement status, functional area and involvement in purchas-
ing. A guestionnaire approsch was adopted and distributed
to all overseeas readers. The results gave little guidance
to suppliers as to which journals to use because of the dif-
ficulty in answering the guestions. For example, many
respondents indicated their involvement in purchasing as
"specifying”, "consultation® or "approvall. Another prob-
lem could well have been that the copies of the New Scientist
reached only the immediate readers, who might not have been

those best qualified to reply.

4.9.,4 CRITIQUE

From the evidence presented it seems doubtful that technolo-
gical gatekeepers play as importent a role in feeding infor-
mation into engineering organisations in this country as they
do in scientific establishments in America. Nop-one has
identified technoligical gatekeepers as important beings 1in
the decision-making unit and they do noct appear to warrant

as much attention as the psychologists maintain.

Considerable disagreement reigns OVer the worth of the writ-

ten and unwritten word as a cue for idea generation. In

recent years several researchers have come to believe that
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the written word has been far under-rated for idea generation,

and this also is the author's contention, Material producers

have got to get information about new materials across to the

majority of potential users, to Create an initial awareness

before any product ideas can be generated. The written word

appears to be a far more efficient means of creating this

awareness than the unuritten word. However, nearly all of

the studies examined failed to investigate the worth of other
information sources, e.qg. Company representatives, conferen-
ces, exhibitions, government information services, internal
company channels and patents. This failing has to be rec-
tified if material producers are to know the best medium for

promoting their materials.

4,10 ORGANISATIONAL ADOPTION HABITS

It is possible that the failure of many new products in the
industrial market place is due to lack of understanding of
the adoption and diffusion process by industrialists. Hill
and Hillier believe this is not only because of inaccurate
forecasting but also because the marketing strategies are
inappropriate. If this is indeed the case, it is more than
an adequate reason for examining the literature to investi-
gate the adoption process in general, and the chearacteristics
of an innovation which affect the adoption and diffusion
rate, the categories of adopter, and the characteristics of
early adopters in particular. However, unless the innova-
tory effort by the manufacturers is complimented by similar
innovatory effort by the consumers and possibly the distri-

butors, the manufacturers activity is all for naught



(Hayhurst) . It is therefore essential th

at manufacturers

contemplating the introduction of ‘an innovation to others

should understand as much as Possible of the potential

user's adoption habits.

4,10.1 ADOPTICK AND DIFFUSION EXPLAINED

. . .
No innovation, of whatever sort, can be regarded as a success

until it has been adopted by 2 user. Rogers and Shoemaker's
definition of adoption can be broadly interpreted to be the
decision to make full use of an innovation as the best course
of action available. Even then, an innovation can be dis-
continued by the user at a later date when he finds it does
not meet all his requirements, technical and financial for
instance. Re jection, according to Rogers and Shoemaker is
"a decision not to adopt an innovation," whilst discontinuance
is "a decision to cease use of an innovation after previously
adopting it." Should the innovation be successful with one
user, the chances are that it will diffuse to others by a
process of communication and usage. Diffusion and adoption
are two separate and distinct phases - "the diffusion takes
place between companies and industries, the adoption process
takes place within companies' (Hill and Hillier). Both are
important to the material producer but of the two, adoption

is the more important, for without that initial adopter, the

innovation can never diffuse to other users.

4.,10.2 THE ADOPTION PROCESS AND ITS PLACE IN THE INNOVATION

PROCESS

P

The aftermath of an innovation, i.e. adoption, rejection, dis-

. judgin
continuance or diffusion, can he viewed as a means of judging
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the success or otheruise of: an innovation:
£ y

and research into

the adoption and diffusion pProcess has been going on for over

thirty years. One of the classics, and probably the first

study of the diffusion of an innovation was that of the

hybrid seed corn adopted by Ioua farmers in USA, The study

was carried out by Brice Ryan ang Neal Gross, tuwo rural soci-

ologists, in the early 1940'g, Other studies of the diffus-
ion process followed rapidly in many and varied fields.
According to Rogers and Fveland there were more than 2400
publications on diffusion studies by 1975. Hardly any of
these have dealt with the innovation process in organisations
but have dealt with the individual or organisation-to-

organisation diffusion, and Rogers and Eveland have challenged

the classical diffusion model, i.e. "(1) an innovation

(2) communicated via certain channels (3) to members of a

social system (4) who adopted it over a period of time."

For example they have guestioned whether (a) an innovation
is advantageous for all adopters, (b) cross-sectional data
gathering at a point in time is sufficient for study of a
process like diffusion and (c) whether a study of organis-
ations would shouw different results from past studies of
individuals. Many of the studies have dealt with the dif-
fusion of ideas in varied audiences, mostly alien to the
manufacturing industry with which this study is interested.
For instance, there is a wealth of information about hou

ideas are diffused through agricultural innovations, educa-

tion, anthropology, communication, marketing, economics and

medical scciology, as Rogers and Eveland have pointed out.
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ortant to un

whole innovation decision process.

leading to adoption has varied amona researchers

4.2

process.

summarises three of

i ing t : -
discussing the adoption Processiinidetail it «is “imp~

derstand where it stands in relation ‘to the

The number of stages

and figure

effects of advertising and personal selling calls.

the major attempts to analyse the

Q 1
Strong's four-stage model arose from studies of

The

model proposed by Lavidge and Steiner in their investigation

of advertising effects Propcses six stages,

and Rogers sum-

marised the five-stage model formulated by various rural

sociologists.

All three models can be split into basically

three levels - a cognotive level, an effective level and an

action level.

Where more than one term is present at a

particular level, the first is a uweaker response than the

second, or, put another way, desire is stronger than inte-

rest in Strong's model.

Figure 4.21

Adoption Models

Authors
Strong Lavidge & Steiner Rogers
Model Model Model
L Awareness
Cognitive Attention Auvareness
level
Knowledge
- | L -
- - : - ]
Interest Liking Interest
Levels Affective Preferences
level ‘
Desire Conuiption Eval$atiom
- ] - - [ - -
Action é Purciase Trial
Action i’
level C 7sontion




a

A later model of the innovation decision was suggested by

Rogers and Shoemaker (see p.90) and indicates some important

factors that may influence the overall process For example
. ° ,

, D R . ‘
the caommunication channels (mass media or 1nterpersonal)

hat are used to inf . L
t influence the potential user's decision to

3 4 : ;.
adopt or reject the innovation can be important (see Section

4.9 and Chapter 7).

It is of interest to note that following research into the
automatic machine tool industry in the American Mid-uWest,
Ozanne and Churchill vere able to identify four of the five
stages propposed by Rogers. From the fifty two companies
studied, they found that with expensive innovations, the

trial stage of the process was missing.

4.10.3 CHARACTERISTICS OF AN INNOYATION WHICH AFFECT THE

ADOPTION RATE

The inherent characteristics of an innovation can have a
marked effect on the rate with which it is accepted by users.
Rogers and Shoemaker have recognised that it 1is the attri-
butes of the innovation as seen by the users that i1s impor-
tant, and not as seen by the manufacturer. They suggest
that for a product to succeed it must have a relative advan-
tage (measured in econamic, social prestige, convenience

and satisfaction terms), be compatible (with existing values,

past experiences and needs ofthe user), have a low degree of

complexity (i.e. easily understood by the users), be open to

trial (i.e. allouw the user to experiment with the innovation

on a limited basis), and be ohservable to others (the easier

it is for potential users to see the results of an innovation

the more likely they are to adopt).



For an industrialist, the relative advantage described by

Rogers and Shoemaker must be a measure of the net worth of

the innovation to the customer, expressed in economic terms.

webster (1971) has pointed out that it must represent an

incremental profit relative to available alternatives. In

his view, relative advantage may be considered by the user

as a higher market share or improved profit performance.

Webster (196%), and Fliegel and Kivlin (1966) suggest that

such a relative advantage may be provided by an innovation

that:

1. Offers reduction in average total cost per unit

2. Increases the total sales revenue due to greater sales
because of improved product guality or differentiation

3. Permits an increase of the average revenue per unit bec-
ause adoption of the innovation allows prices to be

raised

4, Offers a saving in time and hence labour costs.

Such findings have been broadly backed up by Parkinson who
investigated the diffusion of earth-moving machinery by forty

nine companies. One of his hypotheses was that:

"The rate of adoption of industrial innovation depends,
ceteris paribus, on the individual organisation's perception
(mainly individual managers) of the relative economic advan-
tage perceived, the guicker the rate of adoption”. His

work supported the hypothesis and he also concluded that

"the net perceived advantage of the new machine was greater

for early adopters® of the machine than for the majority of

late adopters.”

i i dopters, are dis-
* Adopter categories, 1le«Ee early and late adop .

cussed in the next sectione.
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Although financial advantage will be a prime consideration
by industrialists investing in new innovations, emotional
factors can also be imprtant, as Ozanne and Churchill dis-
covered. Baker also found that when the economic advantage
was marginal, then emotionzl factors could be particularly

important.

In accordance with Rogers and Shoemaker's advice, Fliegal
and Kivlin found that those processes which are compatible
with a firm's practices and technology, and are not complex,
are likely to be adopted most rapidly. Another of their
findings showed that high cost practices were adopted at

least as guickly as low cost practices.

The suggestion that triel usage of an innovation is a factor
in its adoption appears to be under some disagreement between
various researchers. Kotler has indicated that trial-use
can help convince a consumer to buy if he is frozen at the
interest stage and unable to make the transition to adoption.
However, Fliegal and Kivlin discovered that small scale
trials did little to encourage rapid adoption. Such trials
may be relatively inexpensive for consumer products compared

to similar trials for industrial products.

There is, houwever, no disagreement regarding the results of
an innovation being observable to others. According to
Webster (1969), diffusion of the innovation will occur more
rapidly as the amount of information available to prospective
adopters increases over time, due to additional firms using
the innovation and word spreading. Mansfield also believes

that as the proportion of firms already using the innovation
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increases, a given firm is more likely to adopt the neuw pro-

duct or process. Also, the likelihood of an innovation

being adopted by a firm is, in Mansfield's opinion greater

as (i) the profitability of the innovation increases, and

(ii) the size of investment decreases.

Besides the perceived attributes, there are other factors that

affect the rate of adoption of an innovation, according to

Rogers and Shoemaker. These are:

Te

"The type of innovation-decision." If the innovation-
decision is relatively simple, for example an innovation
that is needed, simple in concept, readily understood
and adopted by one individual with nc external effect on
the rest of the population, then adoption may be guite
rapicd. However, if the conditions in the example above
were reversed, 1t 1s likely that the adoption rate would

be much slouwer.

"The nature of the communication channels used to diffuse
the innovation at various functions in the innovation-
decision process."” This has been dealt with in detail
in Section 4.9 and Chapter 7, and readers should refer to

the appropriate section for further information.

"The nature of the social system". A prime example to
illustrate this point for the adoption of material inno-
vations is provided by the tragic Summerlands fire disas-
ter of 1973. The introduction of new materials into

the building trade has suffered tremendously since that
date. Modifications and restrictions imposed on build-

ing regulations as a result of the official enguiry and
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report (see the Royal Institute of British Architects
Journal, july 1974), have virtually meant that archi-
tects can only design with proven materials such as

brick and slate. J. Napper made the following comment,
some two years after the Summerlands fire disaster and

it drives home the effect the social system can have on
an inngvation:

"As legislation and accompanying regulations multiply and
become impossibly complex, more and more decison-makers,
the builders and professionals, have to rely on "permis-
sions" from statutory authorities and government agencies
before they cen even begin to make decisions ~ a kind of
chicken-and-egg situation. This is causing all except

a few to adopt a passive role rather than a dynamic,
creative one. The result is reflected in the buildings
and environments which are produced. The arguments in
favour of this system are powerful for they are concerned
with public safety and health and the effects of laissez-
faire, but it is a negative system in that is succeeds in
preventing "the worst happening". It also reduces the
chances of inadequate people making gross errors of judge-
ment™".

The nature of the social system will therefore have to be
judged by individual innovating firms prior to the time
of launch to ensure that the social system is in a fav-

ourable mood.

"The extent of change agents' promotion efforts in dif-
fusing the innovation'. A change agent is a person
whose function is to promote an innovation to the best

of his ability. Webster (1969) has concluded that the
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earliness of adoption depends on certain characteristicé

of both tﬁe adopting firm and the innovation. Different

innovations produce different adoption rates; and earli-
ness of adoption is related to the type of innovation in
the followino manner:

1. For innovations involving some net capital outlay or
investment with the risk of some negative outcome,
earliness of adoption is positively related to the
firm size, liquidity, profit trends, sales grouth
and market share of the buying firm.

2. For innovations involving little or no investment
of resources, with only 2 slight risk of a negative
outcome, earliness of adoption is positively related
to profit trends, sales growth and market share of
the buying firm.

3. GEarliness of adoption is positively related to the
relative advantage (profitability) of the innovation
for the buying firm.

4. Where the selling firm provides valuable information
(e.g. technical or marketing) the earliness and
speed of adoption is negatively related to the size

of the buying firm (see also Baker).

Material innovations are perhaps in a unigue position com-
pared with product or process innovations, and as such, their
adoption and diffusion can be slower than other t9pes of
innovation. Besides the factors that affect material selec-
tion (see Section 4.2) and the sequence of usage that his-
tory apparently dictates (see Section 4.7.2), materials are

also prone to the "sailing ship" effect. This phenomenon
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was first recognised by 5, (. Gilfillan in his work
"Sociology of Invention" and relates the story of the best
and fastest sailing ships coming into service after the

arrival of the steamship. In a similar fashion, when =
new material threatens to displace & traditional material
from a particular product the manufacturer's of the tradit-
ional meaterial may uwell "fight back™: they may improve
the properties and characteristics of their material to
combat the newcomer. Such was the case with "Corfam" (a
synthetic leather) when the leather industries improved
the scuff-resistance, toughness and durability of leather
(see Chapter 5); and it seems likely the same could be

happening with silicon nitride and nimonic alloys (see

Chapter 5).

4.10.4 CATEGDRIES OF ADOPTERS

Innovative firms who wish to see their innovations adopted
rapidly by other industrial users need to knou the likely
adopters. Some users will obviously adopt an innovation
guickly, some very slouly, and some ﬁot at all. Different
names have been given to adopters by various authors, accor-
ding to the category they fall in. For instance:

Name of Adopter Function/Description . Author
Lategary

Innovators ) Innovators are venturesome, Danhoff, and Rogers
) like to try new ideas and and Shoemakey, ‘
Progressives) take risks and are cosmo- Carter and Williams

politan in outlook

Initiators They accept new ideas with Rogers and
some care and thought and Shoemaker
Early Adopters) are regarded as opinion Danhoff

leaders




- 173 -

Name of Adopter Function/Description.

Category

Early Majority Are those who are very
deliberate in their
actions

Fabians Are sceptical users,

)

) and adept the ideas

) only after utility has
been widely acknouled-

Late Majority

ged
Drones ) The last to adopt an
) innovation, and very
Laggards ) suspicious of change
)
Parochial)

Rogers and

Rogers and
Danhoff

Danhoff
Rogers and
Carter and

Author

Shoemaker

Shoemaker

Shoemaker
Williams

Holt (1977) has provided a clearer picture of the adopter

categories in terms of the number of users one can expect at

any of the stages with the distribution curve shouwn, figure

4,22,

Figure 4.22 Theoretical diffusion curve and user distribution

Aston UWWEY‘EWY

Hlustration rem oved for copyright restrictions
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Such adopter'categories, though readily accepted, are not

so0 readily identified. A would-be innovator with a neuw
product, process or, as in the present study, a neu materiesl,
would like to identify fellouw innovators who will adopt the

innovation rapidly.

On an individual basis, Rogers and Shoemaker suggest from
their research findings that earliness of adoption is
related to socio-economic status, personality variables,
and communication behaviour (see Table 4.25). In an ind-
ustrial context, innovators and early adopters are likely
to be those with both a broad-minded outlook and advanced
technicel outlook (Hill and Hillier). Webster (1966) has
given a little more deteil of the characteristics of those

firms that adopt innovations first. For example:

1. They reccgnise the innovation offers a large relative
advantage (incremental profit).

2. They are best able to tolerate the risk of adoption,
in terms of the amount of investment required and the
loss they could sustain. The ability to tolerate risk
is a function of the firm's size, liquidity and manage-
ment's self~-confidence.

3. They have the highest level of aspiration as shouwn by
recent profit trends, market share and gross sales.

4. They recognise that the information relating to the
innovation, and provided by the seller, has great
value as measured by:
2) its influence on the adopters relative advantage

from innovating

b) its ability to enabls the adopter to reduce perceived

risk,
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Table 4.25 Distinguishing Characteristics between Early

Adopters and Late Adopters as seen by Rogers and Shoemaker

Socio-economic findings

Early Adopters: are not different in age from late adopters
are better educated
have a higher social stsztus

are likely to be commerciaslly oriented, rath-
er than have a subsistence orientztion

: have larger sized unite (farms and so on)
are more inclined to credit (borrow maoney)

specialise more

Personality variables

Larly Adopters: have greater empathy
are less dogmatic
are better able to deal with abstract concepts
are more rational
! have a more favouralbe attitude to change
: are less fatalistic
: are more achievement motivated

have greater aspirations

Communication behaviour

tarly Adopters: have more social participation

: are more highly integrated with the social
system

are more cosmopolitan
have more contact with change agents

are more exposed to mass media communication
channels

are more exposed to interpersonal communica-
tion channels

are more likely to seek information asbout
innovations

are more knowledgeable about innovations
are likely to be opinion leaders

are more likely to belong to modern systems
rather than those with traditional norms

¢ are more likely to belong to well-integrated
systems.
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Baker, who believed there was too great a concentration on
the economic factors (e.g. size and profitability) when try-
ing to identify early adopters, investigated the relationship
between managerial attitudes (related to organisation struc-
tures and methods of operation) and adoption. His research
revolved around the guestion "can one predict the likely
reaction of potential users to a new industrial project offe-
red to them, and if so, can we utilise the information to

accelerate the diffusion of that new product?"

He examined the relationship between a firm's adoption habits

and behavioural and economic factors, and concluded that:

7. the economic variable (i.e. firm size) had the greatest
effect on the time of adoption. Size, he surmises, is
important because it allows more resources to be committed
for collection and checking of information, and searching
for‘neu and better wvays of exploiting 2 firm's resources,
and:it also leads to formalised procedures and practices;:

2. there is a relationship between the management-attitude
variable and time of adoption;

3. small firms are likely to adopt first provided that the
investment is not too great, but for a major investment,

large firms adopt first.

4.10.5 ADOPTION TIME

It can be seen from the preceding work that the rate of
adoption depends on the perceived attributes of the inno-
vation and also on the characteristics and attitude of the
adopting firm. However, such results give no indication of

time delay that can be expected betueen a potential user's
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awareness and his actual adoption of the innovation. Stud=-
ies of the process by which neu products are adopted into
their potential markets follou = similar pattern faor many
different products and technigues., Namely, when the cumu-
lative number of adopters is plotted against time, an "g"
shaped curve emerges similar to that shown in figure 4.23.
Such a pattern transpires both for the rate of awareness and
the rate of adeption characteristics, with the latter curve
generally lagging by a feuw years (see figure 4.23). Rlthough
the diffusion of an innovation will lag that of its preceding
information, Nabseth and Ray have found no evidence to sup-
port Rogers and Shoemaker's hypothesis that information dif-
fused more rapidly than adoption. They found that the later
a process was introduced to a country, the more rapid was its
diffusion, possibly due, in their opinion, to further pro-
cess improvements leading to a more rapid spread. Many
authors, Enos, Sheruwin et al., Lynn, and Gregory, for example,
have proposed various lengths of adoption periods for a
variety of products in different fields, ranging from three
to seve%& nine years (with a standard deviation of sixteen
years in those time lags in the innovation studies by Enos).
Seventy nine years might seem excessive, but there is no
doubt that the time delay can be lengthy. Gregory (1972),
for instance, suggests that (i) major innovations requirino
basic research will take over tuwenty years; (ii) innovations
requiring applied research will take over ten years and

(iii) innovations based on available technological knowledge
will take approximately five years. The distinction bet-

ween different types of innovation and the diffusion period
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figure 4,23 Rate of avareness-knowledge, rate of adoption,

and length of the innovation-decision period for Iowa farmers

adopting 2, 4-D weed spray by year.
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The shaded area in this figure illustrates the aggregate in-
novation-decision period between awareness-knowlsdge and adop-
tion of 2,4-D uweed spray. Knowledge proceeds at a more

rapid rate than does adoption. This suggests that relative-
ly later adopters have a longer average innovation-decision
period than do earlier adopters. For example, there are 17
years between 10% zwareness and 10% adoption, but 3¢1 years

between 92% awareness and 92% adoption.

Source: A re-analysis of data originally gathered by Beal
and Rogers (1960, p.B), and guoted by Roogers and

Shoemaker.




has also been highlighted by Tauber who put. it in a slightly
different way: "Continuous (incremental) innovations dif-
fuse more guickly than discontinuous (radical) ones. Wajof
innovations which are not immediately compatible with cul-
tural values or consumption habits take longer to win appro-
val from the general public™, Although no figures are
gquoted, he suggests the picture of adoption for incrementsa
and radical innovations might be similar to that shown in

figure 4.24,

Figure 4.24 A suggested picture of the Diffusion of Continuous

and Discontinuous Innovations.
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(Source: Tauber)

R distinction has also been drawn betuween the consumer and
industrial type product by Lynn. Consumer products taking
less time for adoption than industrial goods. Different
industrial sectors apparently adopt products at different
rates as well. Enos concluded that "mechanical innovations
appearvto require the shortest time interval with chemical

and pharmaceutical innovations next. Electronit innovat-

ions took the most time'.
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It can be seen that the time for adoption of. individual
innovations varies among individual firms and industrial
sectors according to the type of product. For the inno-
vation to diffuse to more than Just one user, the supplier
can tackle the problem in two ways, He can either promote
the innovation simultaneously among appropriate industries
or "~ he can attempt to spread the innovation to the whole of
one industry and then move on to the next industry in a

sequential fashion (see figure 4.25).

Figure 4.25 Diffusion Patterns for an Industrial Innovation

(Inspired by Hill & Hillier)
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Hill and Hillier suggest that for thgse innovations where

the adoption and diffusion process is short, then the sup-

plier might be advised to opt for a sequential strategy;
whilst the simultaneocus strategy would be better for long

adoption and diffusion times., Such recommendations should

be of particular importance for material producers, where
firms may have to redesign for the new material if a1l its
benefits are to be realised. This implies a simultaneous

marketing strategy.
4,170.6 CRITIQUE

Rogers and Shoemaker, the proponents of the awareness,
interest, evaluation, trial and adoption hypothesis have
been challenged by other authors when it comes to suggest-
ing an adoption model in the industrial environment. In
particular, the trial sequence seems to be in some doubt;
and this could be of paramount importance to.material pro-

ducers who regularly supply samples for trial purposes.

Many researchers have examined those characteristics of an
innovation which makes for succes, and their findings are
broadly agreed upon by one and all. However, none of the
research has dealt with the characteristics that a material
innovation should possess. It seems likely that a material
innovation should evoke the same characteristics of other
types of innovation, although there is little evidence to
this effect. But what is worrying is that there may be
other characteristics peculiar to material innovations which

are as yet not documented. For example the "factors affect-

ing material selection® (Section 4.2) and the "sailing ship
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effect" illustrate that material innovations are exceptional.
Unfortunately, such a2 criticism stems from the fact that the
vast majority of research into the adoption and diffusion
process has been aimed at the individusl, and organisation-
to-organisation process, and not with the industrial adop-
tion process. There 1is, therefore, a distinct shortage of

work concerned with the adoption of materials,

Following directly from this, is the fact that identification
of rapid adopters of material innovations has been impossible
from the literature. The characteristics of the innovators
and early adopters will be of much use to a material pro-
ducer to check out those firms uho have become interested in
adopting their new material. But they are of little prac-
tical use when it comes to identifying the innovators before-

hand.

The evidence presented on the adoption times that can be
expected by the supplying innovator have not, unfortunately,
dealt with material adoption. It may therefore be slightly
misleading to accept such figures particularly as adoption
times are likely to depend on the type of industry end-user,

besides the factors already mentioned.

4.171 SUMMARY

There are many facets associated with the introduction of a
new material into the industrial and consumer market place.
This revieuw has attempted to illustrate to those material

producers contemplating the introduction of a new material

some of the problems they are likely to encounter. A
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descriptive nature, they do at least zct as guidelines for
forthcoming innovetors. The verizsbility betueen various
innovation studies has been a major criticism, for it does

not help would-be innoustors o formulate their own contin-
gency plans. Chapter 5, which examines the innovation of

ten materizls, hopes to remove the variability due to cross
cultural differences. Materials, like energy, are used by
all manufacturing firms and as such transcend the cross cul-
tural barriers otherwise experienced by product and process
innovations. The methods used to identify potential users
with a "need" has been given scant attention in the literature,

but this search and match problem is studied in Chapter 5.

The studies of buyer behaviour have failed to examine the
introduction of a new material as a "neu-buy" situation.
Furthermore, the current literature gives a false indication
of who material producers should see when introducting neu
materials to a firm, i.e. the purchasing staff. Chapter 6
examines this problem and identifies the material decision-

mekers (MDM) and their roles in various industries. The

size and nature of material decision teams and the relative
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lmportance of material innovations are al Q
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Chapter 7. The effective information sources and channesls
for MDM's have been identified for different industries and

actually put to the test (Chapter 9).

Chapter 8 examines the adoption process of materials in

some detail for several reasons. First, it was not pos-
sible to identify the potential early adopters of neu mat-
erials from the literature; secondly, the expected adop-
tion times suggested in the literature were not for materizals
and could therefore give a false picture to material pro-
ducers; and thirdly, the trial stage in the adoption pro-
cess seemed in dispute by several authors. This chepter
investigates the knowledge phase of neu materials by MDM's,
the relationship between awareness and adoption, and alsa

the adoption times that can be expected of neu materials in

different industries.

There are at least three other aress which need further

investioation to aic material producers as they introduce

new materials. Whilst this thesis identifies those areas

it does not attempt an analysis, due to a lack of resources.
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The benefit that economies of scale cenbring to procducer
firms have long been known. Unfortunately, there is little

evidence of material producers actually examining such econo-
mies when they are introducinc the material. For many it is
forced upon them at a later date when they want to diversify.
It can, however, be a useful exercise for examining potential
markets at the introduction stage, and: should not be over-

looked by material producers.

Finally, there appears to be a general lack of understanding
of the pre-reguisites necessary for stimuleting demand of
materials in the market place. fny research that can exam-
ine this problem will no doubt help material producers in

the future.
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5.1 CHAPTER PREVIEW

The innovation of advanced teCh”0109y materials is & compli-

cated process, and because many Companies have experienced

the problems of getting neu materials adopted into success-

ful products, & case history a@pproach has been used top try

and discover the path to success whilst avoiding some of the

pitfalls.

Ten case histories have been examined - four of which are
documented in Appendices A to D: carbon/carbon, polyethy-
lene, silicon nitride and titanium; the remainder have been
taken from published literature: Silicones, Titanium Carbide
and Lockalloy from Tanenbaum et al; Super Plastic Aluminium
by Buchanan; the Rare Earths from Langrish et al; and

Corfam by Robertson (1974 and 1977).

Case histories of innovations can often benefit those
amongst us who have not actually experienced the innovation
process. Although the problems facing material innovators
may seem new to them, the likelihood is that they have been
faced by others previously. This chapter in particular
deals with the effect that different need applications may
have on the way an innovation develops, giving examples of
material innovations that have developed from different
needs. Material producers will probably have to search
for users of new materials unless they have developed the
material for one positive need customer alone. The qgues-
tion, Mis it necessary to search for users?" is answered,
as is the question of whether the material producer should
aim initially at substituting the new material into exist-

ing products or aiming it at neu products alone. The
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search techniques that are available to material producers '
in their quesf for product users are many and varied, and
a contrast between those which are thought to be used and
those that are actually used is highlighted. Those search
techniques that are actually used meet with varying degrees
of success and these again have been highlighted by refer-

ence to the cases.

5.2 DEVELOPMENT OF CASE HISTORIES

It has been clearly shouwn that case histories of material
developments - even those dating back to the eighteenth
century - offer a pertinent means of studying the material
innovation process (see Chapter 4.6.3). Many studies have
been carried out (see Table 4.10) but feuw provide a micro-
scopic insight into the firm's efforts of finding new uses
for the material. Those studies that offer micro details,
although few in number, should be highly regarded for they
allow a close inspection of the material producer's efforts

in introducing his material.

The compilation of detailed case histories is a time con-
suming business and, if, as has been found whilst compil-
ing some of the older cases, the pecple directly concerned
with the innovation durinmg the early days are not available
then there is another problem, and this is to actually find
a source of information. The information sources for the
authors' case histories are described in a prefix to each
case, and may be found in Appendices A to D. It is rare
to find a company that has kept records of its actions.

This is probably because it requires a person being employed



to document such things as enqgiries, sales, contracts,
policy decisions, people active in the imnovation, inform-
ation channels used, development work undertaken and S0
forth. Generally this is not done; the information may

be available with some key persons for a while, but it is
eventually destroyed either because the information was
regarded as classified or simply to clear the filing cabi-
netse. This naturally poses the question of whether a
company introducing subseqguent new materials will recall

its experiences from previous new material launches. For
those companies introducing materials on a regular basis
this may not matter, but for those that introduce new mater-
ials only intermittently it might be a sad loss. Case
histories, for all their faults, are the only documented
source of information concerning innovations, and such Mis-
tories should be regarded as "primary source material" (as
Cahn points out) to benefit those with less experience of

innovations.

5.3 THE PROBLEMS FACING MANUFACTURERS OF NEW MATERIALS

Unless a material has been developed with a specific appli-
cation in mind - and there is evidence to suggest that feuw
materials have the benefit of such an application - then
there is automatically a problem for the material producer.
That, as has been suggested by the author elseuhere* (1978za)

is the identification of potential users. For the material

manufacturer who is in this position, the problem is a very

real one, being "faced with a complex search and match exer-

cise™ (see also Chapter 4.8).  The material manufacturer

does not know which properties of the material he should

* See Appendix F for copies of these references.



investigate in detail angd may. eﬁen be reticent to publish

such informationbanyUay_ For the potential users part,

he probably will not know of the materials existence, and

in many cases will not know where to go for information
regarding his material selection problem. This though,

is a problem that industry in general has faced for many
years - how should it keep up-to-date with material develop-
ments? The answers to this seemingly simple guestion have
been hinted at by the author* (1978b) and treated in far
greater detail by C. H. Starr during the late 1950's.
Industry though, does not seem to have progressed very far
between Starr's work and that of the author over the past
twenty years. This again raises the problem that the mater-

ial producer has - how to search out potential users for his

new material.

The factors affecting the success of a new material are
many and varied (see Chapter4.2).  Sambell and Davidge,
for instance, have suggested that a material will meet with
success providing it is able to meet four different reqguire-

ments:

- it must have adeguate properties for a particular

application

- the fabrication technigues must be acceptable

- it must be economically competitive

- political and social pressures of the day have tec be

met, i.e. a number of indirect factors should be

considered:

¥ See Appendix F



(
(b) effects on the environment
( ,

c) energy inventory

Such factors will indeed play a part in the success or

otherwise of a new material, but Sambell and Davidge have

assumed that potential uses for the material have been found.
Their study is based on the substitution of silicon nitride
for a metallic super alloy (nickel/chromium/cobalt) for a
high temperature engineering duty. It precludes the fact
that at the outset, the material producer may not have a
potential use for his material and that a search operation
will have to be mounted to try and find such potential

UsSerse.

Another problem, which is not always recognised by the mater-

ial producer is of his own making, and that is, should he be
a raw material producer or a finished product manufacturer?

It is brought about mainly in those organisations not normal-
ly regarded as material producers. The larger organisations,
specializing in material production - ICI (polyethylene),

IMI (titanium) for instance - have remained firmly as the

raw material producer (fabricator of wrought products in the
case of IMI's titanium). This, despite the fact that they
have freguently stimulated end uses by actually designing,
manufacturing and field testing various products. Other
companies - for example, Lockheed Missiles & Space Co.
(Lockalloy), Ford Motor Co. (titanium carbide) - recognised
they were basically finished product manufacturerse. Con-

sequently, as soon as they had developed the material to the

point where they had proved its use in their own products,




they handed over the commercial manufacture of the material

to a raw material producer on a licensing basis., Presuma-

bly then, the search for alternative uses for the material

is up to the licensed rau material producer. Still other

companles - Advanced Materials Engineering (silicon nitride),

Dunlop Ltd., (Carbon/carbon) for instance - have run the

middle route, being both suppliers of rau material and fin-

isheq products. In the case of Dunlop though, there has
been some confusion over the years on exactly what their
policy should be on this point. There is argument for them
to remain as finished product manufacturers on the basis
that a greater contribution will be earned. But on the
other hand there are those products and industrial sectors
of which they have no experience, uhere other specialized
organisations could turn the raw material into a finished
product benefiting itself as well as Dunlop. This point

has not been settled yet.

In mentioning the problem of raw material producer/finished
product manufacturer it is as well to remember that there
are six different product idea sources from which new mate~

rials might be emoloyed (see Bradbury et al. model of inno-

vation, Section 4.6.1).

Bradbury's innovation model (see figure 4.13) suggests that
the product idea may occur in any of the following groups:
end user, manufacturer, eguipment manufacturer, manufacturer

of intermediates, rauw material supplier and supplier of

ideas. It is worth noting that it is only the end user who

. . ] ion
can innovate without involving more than one organisation,



three crganisations.

His communication problems to stimu-
late product innovations are therefore likély to be that

much more difficult.

Whilst the characteristics of technologically innaovative
firms have been discussed previously (see Chapter 4.6.4),
the four cases presented in this thesis (Appendices A, B,
C, and D) have slso shown some interesting facets of the
innovation process. Some of these facets have helped the
material producer along the innovative route, others have
hindered, whilst still others merely provide interesting
comment on the innovation. Table 5.1 summarises these

points, and serves to indicate that all companies have some-

thing to learn uwhen it comes to innovation.

5.4 HOW IMPORTANT IS THE NEED APPLICATION FOR MATERIAL

INNOVATION

With material innovations at least - and probably with other
types of innovation - it appears to be too simple to state
that for success there should be a need. Two types of inno-
vation - radical and incremental - have different bases.

Most of the basic or radical innovations, which represent

ma jor technological breakthroughs are initiated by the dis-
covery of an opportunity. This view is held by Globe et al,
Langrish et al, Myers and Marquis and Tauber. Tauber sums

it up like this:

"When large numbers of consumers can perceive a need for a

product, it is usually a simple product improvement. Major

innovations and the need for them are beyond the foresight

of masses of people'.



Table 5.

1 Summary of Interesting Features noted  in the Ca

se.Histories - Helps

Carbon/Carbon Polyethylene Silicon Nitrige Titanium

1. 'Chance’' czlayed 2 | 1. 'Chance! played 2 |1. External experts |1. Numerpus.enquiries

part in starzing the | part in discovering investigated the for titanium from air-

develsoment of the polyethylene. properties of the craft frfame anc engine

material at Super material. manufacturers played

Temp., 2. Inter-disciplinary an important part in
search approach adop-{ 2. Expertise of many{ ICI's initial interest

2. Dunlop's brake ted for searching for|organisations brouht|in titanium.

technology exploited
characteristics of
material.

3. Promoter at direc-
tor level pushed the
development zlong.

4, Dunlop developed
3 interchanceable
brake units for Con-
corde which helped
to sell brake.

S. Dunlop concentr-
ated resources on
brake oroject and
developed a success-
ful unit.

6. Expertise brought
into the company for
developing the mate-
rial and process.

7. External experts
investigated market
for other uses.

uses and investigate
ing properties.

10. Patents on proc-
esses and products
were taken out as
the manufacturing
methods developed.

4. Submarine cable
application came
about by ‘'chance!'.

8. ICI worked with
go~-ahead firms (TC &
M) after experiencing
very slow develop-
ments with initial
organisations (CMA).

9. Development of
uses took place by
working in close co-
operation with users
during World War II.

7. Concentration on
one product - cables
~ led to further uses
downstream of market
i.e. television and
radio cables.

S. First use was sub-
stitutional i.e. pol-
yethylene for gutta
percha in submarine
cables.

6. External experts
were used to ressarch
the material.

3. Polyasthylenes was
promoted at a high
managerial level;
P.C. Allen - the bus-
iness innovator - and
at the technical lav-
el - J.C. Swallow.

11. Polyethylene tec-
hnology was licensed
to other manufactur-
ers.

together in a2 cons-
ortium,

3. Some manufactur-
ers employed exter-
nal experts to re-
search the market.

4. Publicity was
given to silicon
nitride by AME thr-
ough selected jour=-
nals, exhibitions
and via technical
salesmen.

2. Development of spo-
nge and fabrication

techniques split bet-
ueen divisions of ICI.

3. The Government pla-
ced a 4 year contract
for titamium which
convinced ICI to dev=-
elop the material.

4. ICI concentrated

0N one user - the air-
craft industry - that
was able to justify
high costs.

5. First uses uwere
substitutional - tit-
anium for stainless
steel in non-structu-
T2l aircraft parts -

a policy which was
also carried through
to non-aersopace uses.

6. Organised publicity
with titanium which
inctluded techniecal
sales people, techni=-
cal literature, exhi-
bitions, abstracting
service and in-house
conferences.

7. In-house usss deve;
loped for titanium.

8. Successful in-~house
developments were pat-
ented.

9. Aircraft industry
fermed backbone of tie
tanium development on
which other usas grew.

10. A team of special-
ists was appointed to
investigate potential
uses in particular in-
dustries other than
aerospace.
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Table 5.7 (Contd) Summary of Interesting Festiures noted in the Case Histo
- Hindrances ' E
ettt

Carbon/Carbon Polyethylesne Silicon Nitride

Titanium

1.
in foreign country
closed ranks on Dun-
lop to prevent Dunl-
op esablishing tech-
nological lead with
aircraft brakes.

Competiter industry

2. Development of
such a major product
is politically sens-
itive internally and
may cause friction
between people (e.g.
when technical staff
were not invited to
brake demonstration
for customers).

3. Dunlop relied
heavily on one cus-
tomer -the aviation
industry.

4, Dunlop suffered
from a lack of mar=-
keting experience,
not only with a neuw
material, but for
any product outside
the aerospace indus-
try. o

5. Variability of
properties in product
slowed developments.

1. ICI had extrame
difficulty identify-
ing first use.

2. There was conside~
rable indecision with-
in ICI as to uwha sho-
uld be responsihle
for the develcoment
of polyethylene and
its sale.

3. The not invented
(interested) here
syndrome slouwecd the
development of the
submarine cable idea.

4., There was consid~
erable indecision uwi-
thin IC! as to uheth-
er they should be fi=-
nished product manu-
facturers or rau
material producers.

5. ICI did not look
at the benefit of
economies of scale
until after World

War II, by which time
the Americans uere
producing more oolye-
thylene than ICI.

6. Du Pont (who had
technical agreements

6. Failure to examingwith ICI) delayed

and implement econo-~
mies of scale led to
lost products.

7. Not invented (in-
terested) here synd-
rome precluded prod-
uct ideas being con-
sidered,

B. No inter~discipli
nary team available
to investigate prod-
ucts, instead there
was a reliance on
metallurgists.

9. Lack of project
management and com-
mitment to product
ideas led to a fail-
ure to investigate
product ideas fully
-no promoters for
non~azerospace prod-
ucts.

10, Communication ter-
rier between labora-
tory and design staff.

11. There was consid-
erable indecision
within Dunlop as to
whether they should
be finished product
manufacturers or raw
material producers.

publication about
polyethylene to the
world.

1. The inductility
problem associated
with silicon nitride
Nas been insurmount-
able for many applic-
ations.

2. Claims of success-
ful products often
preceded the actual
tests which unfortu-
nately often failed.

3. A great deal of
emphasis was placed
on developments with
gas turbines, when
other uses may have
been more easily at-
tained (e.q. internal
combustion engine
components),

4. Engineers are very
cautious when design-
ing with brittle mat-
erials and little at-
tempt was made to

educate engineers in
new design techniques.d

5. Trials that uere
arranged for silicon
nitride were only
slowly followed up by
the manufacturers.

6. The AME consortium
suffered many manage-
ment changes since
its inception.

7. British Leyland
pulled out of the con-+
sortium and left AME
uithout one of its
best potential out-
lets.

1. Titanium suffered
with low creep stren-
gth but this only
slightly deterred en-
gineers from using it,
They used it where
temperatures were
lower.

2. IMI relied on one
customer the air-
craft industry - al-
though this became un-
acceptable as defence
policies were changed
by the Government.

3. Even with the int-
roguction of economies
of scale in manufac-
ture, titanium still
remained very expens-
ive, necessitating
very cost effective
applications.

4. IMI (as with most
titanium manufactur~
ers) ignored the pos-
sible use of commerc-
ially pure titanium
for many years,

5. The fortunes of the
UK industry have fol-
lowed very closely
those of the American
industry, who closed
ranks on British dev-
elopments,
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Table 5.1 (Contd)

Summary of Interesting Features Noted

in the Case Histories - Comments
Carbon/Carbon Polye- Silicon Titani
thylene Nitride itanium

e It took Dunlop
7 years betuween
their initial se-
arch for a more
efficient brake
material and thdr
actually manufac-
turing the mater-
ial.

2. Dunlop uwere
first to success-
fully develop the
technology for
aircraft brakes
but others have
reaped the bene-
fit since.

3. Carbon/carbon
was developed for
use on a civil
airliner (Con-
corde) before
military appli-
cations.

4. The introduct-
ion of a neuw mat-
erial such as
carbon/carbon to
the medical world
as a possible pro-
sthetic material
can be very slouw,
not just because
of lengthy trials,
but also because
many surgeons have
their oun prosth-
etic designs and
are reticent to-
wards others.

S. 'Chance!' con-
versations in pub-
lic houses uwere
noted as a source
for product idea
generation.

1. ICI fixed
a high price
initially to
nrevent too
keen an int-
erest in the
material

early on.

1« It was a
formal search
by the Admir-
alty for suit-
able gas tur-
bine materials
that led them
to study sili-
con nitride in
depth.

2. R govern-
ment body - the
NRDC - played
an important
role in silic-
on nitride's
development by
licensing the
technology to
industry.

3. Although
many of silicon
nitride's prop-
erties uwere
known during
its early dev-
elopment, they
were often
presented in
too casual a
manner to
engineers.

1. Titanium
was first ex-
ploited by
Rolls Royce
who at that
time were more
renouwned for
civil aero-
engines than
military deve-
lopments.

2. Although
the Soviet
Union market
has been clo~
sed to the
Western World,
the USSR has
been free to
export titan-
ium to the
West (approx.
20% of free
world's con-
sumption in
1974),

S
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However, the majority of innovations in industrial companieé
are of the incremental (improvement) innovation type, and
they are the ones started by receiving information, which
leads to a need recognition and this maybe triggers off the
technological solution. It has been suggested, again by
Tauber that the incremental type innovation diffuses more
rapidly through society than the radical type. It appears
to be safer, therefore, for industrial firms to go for the
incremental type innovation even though the long term re-
wards may not be as great as for a radical innovation uwhen

it succeeds.

5.4.,1 DEFINING NEED APPLICATIONS

For those innovations that are started by a need recognition
be they incremental or even possibly radical - there appears
to be a wide variety of need classifications. This fact
does not seem to have been recognised by many students of
the innovation process. Knut Holt (1974) may be an excep-
tion to this for he does admit that little has been done to

investigate methods of assessing 'needs'.

As far as material innovations go, the material producer

tends to seek those applications that will give a quick

return whenever possible. This is borne out by many of

the first "bread and butter" type uses being fairly straight-
forward product improvements - using more efficient materials.
This study has at least shown that a material producer gen-
erally manufactures his material because there is a recog-
nized need for it. 1t is the author's contention that

there are at least two different need categories which make
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a material producer start making a new material - (i) a
positive need and (ii) a projected need. However, a
manufacturer can start producing a new material for other
reasons, i.e. when he conceives there is a need. Still
others produce materials when there is no need - some may
say both of these fit the technology push situation.

When the material is in production, as often as not the
producer is looking for unforeseen needs, These five

different need classifications have been defined below -

Table 5.3,

Table 5.3 Suggested need classifications that an innovation

may meet during its life cycle,

Need Classification Definition
Positive Need UOccurs when a users product is either

failing or cannot be made from any other
material and needs the situation correct-

ing rapidly.

Projected Need Occurs when the innovator or some respec-
ted establishment (government or other
institutional body) predicts there is a
general (projected) need after examining
the market, which will have to be ful-

filled in the near future.

Conceived Need Occurs when the innovator believes there
is a need for his product, without ever

examining the market.
No Need The innovator produces his innovation
regardless of the fact there is no need

for ito

Unforeseen Need This situation arises after an innovat-
ion has been developed and further, un-

foreseen applications come in its wake.




5.4.2 EXAMPLES OF INNOVATION THAT AROSE FROM DIFFERENT NEEDS

v

It has been suggested that material innovations come‘about for
a variety of different need reasons, To illustrate the dif=

N . . . . . .
ferences, the ten case histories examined in this thesis have

been compared. Table 5.4 illustrates the different product
ideas that led the material producer to believe there was a
need for his particular material. Where possible, the first

(1) and subseguent (2) major uses have been classified under

the different need headings.

By way of explaining this table in more detail a summary of

the materials first feuw applications is given:

Carbon/Carbon: (Source Appendix A)

From Dunlop's point of vieu - in common with other aircraft
brake manufacturers - they had set themselves the target of
developing a lighter, more efficient brake for the aircraft

of the 1970's and 1980's. Such an objective led to a search
for new materials. After several years development the com-
pany's projected need of the 1960's led to a positive need as
they competed for Concorde brake contract with other manufac-
turers. Other manufacturers were developing carbon/carbon
brake assemblies and to remain a viable supplier they had to

do the same. The Dunlop carbon/carbon brake was successfully
introduced on Concorde in the mid 1970's. Dunlop in tne pro-
cess of developing the carbon/carbon brake became manufacturers
of the material and whilst developing brakes for other aircraft

they have also been searching for other uses of the material.,
To date, none of major conseguence have arisen - any that do

are likely to be from unforeseen needs.



*}noge sweo syjdes alel 8yl 1oy uotyeoarrdde 3saty 8yl moy AJojsTy 8SEI WOIY IE8BTD 30U ST 31 x

qEJHCﬁE:Hm o13seld iadns 104 PuUNOy ussqg sney sasn juanbasgns 41 Alo3sTy 8sSEI WOIy JIE8[D 30U ST 3]

+
1| N N Z L weJJIo]
[ A L L AoTTe>o07
r, A N [ L 8pTQIE] WNTUE]T]
A [ e ’ ¥SY3jle3 aley
A L +EJMCHEJHQ 2T3seld Jdadng
A A e L SBUOJTTTS
A A é L L wntuelTy
A N ¢ e L 8pPTIFTN UOITTTS
A N Z ! Z auaTAyjaA1od
N A e L L uoqiej/uoqie]
UOT3TNIS 03 [4UOT3TNIY uotyestuebao
3Wed uoT3ED 03 usas oy [PRATRD WwITy Teula}xa S ATATSO
-T17dde psau |swed pasau |-s8iojup N -uoj{ay3 Aq (Qq) ue Ag (e) Snt3tsbd
juanbasqgng 3SIT 4 pajoaloig Tetrisjey
| UOT}EOTJTSSEBT] Paay
*pssu sTYy} Jo 8sneasq ATuTew uoIjIiniy o3 3ybnoig espt 3onpoad olew jusnbasqgng - ()
| *pa@su sTY3} 40 8snedaq uoT3Tniy 03 3ybnoig espt j30npoad olew 3sIT4 - (L)
M *asTMIay30 IO SS800NS
|
M " IT8Y]} PUBR SUOSRBI P88BU JUBIBJYS4TP JO4 PBIONPOIJUT 8I3Mm jeY]} STeTiajley H°G 8IQe)
|




om0

Polyethylene: (Source Appendix B)

Polyethylene was discovered by some ICI staff by chance.
Although there was no obvious need for the material at that
time, development work continued with it. Whilst ICI
examined the market and projected there to be a general
need for polyethylene in its waXy phase, the first ma jor

uses (submarine cables and then radar cables) uwere complete-
ly unforeseen by ICI. In both instances, it was an out-
sider who recognised polyethylene's potential as a dialec-

tric for these applications. The users identified polye-

thylene - ICI did not identify the users.

Silicon Nitride: (Source Appendix C)

The Admiralty projected a general need for a suitable mate-
rial for stator blades to withstand temperatures of 1200°¢C
in gas turbines. The search for this material was carried
out by staff at the Admiralty Materials Laboratory. Sili-
con nitride was chosen as the material offering the best
potential. Other minor uses were conceived - thermocouple
sheaths, crucibles and so forth - by AML, but the commercial
development of the material passed out of their hands to the
National Research Development Corporation. The NRDC licen-
sed several manufacturers; unfortunately no major uses were
forthcoming. A consortium - Advanced Materials Engineering
Ltd., - was formed from the licensed companies and whilst

some uses have been projected by the company, few have been

successful,
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Titanium: (Source Appendix D)

Whilst a projected need for high strength/ueight ratio
materials had been decreed by the Ministry of Defence for
aero turbine engines, it could also be claimed that Rolls
Royce Ltd. had a positive need for such a material to deve-
lop their engines. Indeed it uwas largely at their insti-
gation that many of the titanium alloys were developed by
IMI (then ICI Metals Division) for particular applications.
Subsequent uses for titanium - outside the aerospace indus-

try - were largely projected by IMI, by examining the market

in the nuclear, chemical and medical industries.

Silicones: (Source Tanenbaum)

Une of the first uses for silicones - heat resistant resins
- came from a positive need of Corning Glass Works. They
had just developed glass fibres and believed one outlet to
be as a woven tape for electrical insulation to replace a
similar cotton product. The cotton product had a tendency
to char and glass fibres, it was felt, would overcome this
problem. Unfortunately the resin which was used to bind
the cotton and subseqguently the glass tape charred at only

a marginally higher taemperature than the cotton - thus nega-
ting the benefit of the glass. Dr. J. E. Hyde who had just
started work with Corning suggested a silicone compound that
he had previously been working on. The resulting product
from his studies was shown to General Electric Company, who
in turn, started a study of organosilicone insulating resins.

Of the other uses developed for silicones by Dow Corning -
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high temperature lubricants and dielectrics, high strength
and radiation resistant elastomers and biomedical applicat-
ions - none can be classified in the positive need bracket.

If anything they all fell in the category of unforeseen

needs.

Although Corning Glass Works realised the potential of
organosilicone products after developing the resin, the
development work they undertook was of s very general na-
ture - "do anything that looks interesting and which seems
likely significant", was the brief given to the research
staff, They first developed ethyl silicate for gluing
glass blocks and then worked on many of its derivatives.
From their investigations with aliphatic silicates they
noticed that many of the reaction products were high vis-
cosity fluids with odd temperature/viscosity relations
(unlike most oils the viscosity did not drop as temperature
increased) and they were inert to oxygen. It is claimed
that Dr. McGregor (one of the researchers) realised the
potential and mentioned his work to a friend at the
Pittsburgh Chemists' Club Meeting. The friend was an
employee of the Mine Safety Appliances Company and as chance
would have it they were looking for a suitable fluid for
OXygen pumping systems - an unforeseen need. The subse-
guent trial work that was done showed organosilicone mate-

rials served extremely well.

During the ensuing work with pilot plants and some funda-
mental work on the oxygen stability of organosilicones,

they noticed that many of the fluids became resinous and
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and rubbery. Investigations into these materials revealed

that they had excellent dielectric properties, Now Corning
Glass did not have the resources to explore the potential of

these materials fully and approached Dow Chemical Company to

pursue the research jointly. Whilst Dow Corning Corporation

was being formed in 1943, Admiral Rickover learnt of the

silicone dielectrics. Stemming from his recommendations

Dow Corning were able to build a complete plant and provide
silicone dielectrics as an insulating material in submarines

and aircraft during World War I] - an unforeseen need?

THe silicone elastomers were not guite so unforeseen,

Dr. Warwick - another of the researchers - continued inves-
tigations into the properties of methyl silicone polymers,
many of which had properties similar to natural gums and
rubbers. After talking with fellow workers at the Mellon
Institute (where much of the research was done) he reacted

silicone compounds with benzoyl peroxide, on their suggestion

- not expecting anything startling. However, after many
trial and error experiments the silicone material did gain
rubber-like characteristics including improved strength.
This work eventually led to patent US 2,460,795 for the
vulcanization of liquid silicone polymers in 1944. It

Wwas not until a Dr. G. C. Akerlof - a fellow member of the
Mellon Institute - asked for a silicone resin membrane for
separating oxygen from air that the more remarkable proper-

ties of silicone were discovered. He was given some

material that had been on the shelf for some time which

contained a finely divided silica filler. Upon vaulcani=-

zation under high pressure this mixture gave a rubber with



-.205 =

remarkable properties - including exceptional strength As

s result of this, more work Proceeded on filters in silicones
at Dow Corning, until the high strength siliconé elastémers
were developed to compete with polyester rubbers, This

is perhaps the only class of silicone that can be regarded

as being projected by Dow Corning (at least from this case
history), though the final solution was pointed to by an

outside source.

The radiation resistant rubber development, perhaps follows

more directly the unforeseen need criterion. It was not
until a Professor from Pittsburgh University visited Mellon
with a request for various compounds for some irradiation
studies that this property was discovered. He was given
some vulcanized and unvulcanized material, and found that

on completing his studies the unvulcanized silicone had be-
come vulcanized. This led to further studies by the Dow
Corning researchers themselves, eventually giving radiation
resistant rubbers - yet another example of a fortuitous need

arising which could not be foreseen,

To complete the story, the biomedical applications for sili-
cones arose after surgeons began reguesting samples of the
material moulded to specific shapes. The high strength
rubbers had by this time been commercialised - late 1950's.

As a result of the work by many of these surgeons it became

apparent that silicones were biocompatible. Even though

sales were not expected to be large Dow Corning decided

practical benefit would come of this research and in 1958

they set up the centre for Aid To Medical Research to help

develop these unforeseen uses for silicones.
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Super Plastic Aluminium:

(Source Buchanan, 3. A. F;)

In 1966 physicists and metallurgists at Tube Investments!

Research Laboratories, Hinxton Hall, recognised from the

literature that super plastic forming of complex components

was Now possible, and that there might be some benefit in

it for TI. Although a small research project was started

- with the aim of understanding the metallurgical micro-
structure which gave super plastic properties - it was not
until a competitor, Pressed Steel Fisher, announced
'Prestal! (a zinc aluminiumeutectoidalloy) for car bodies,
that TI first realised the potential developments. Their
research was then directed towards more practical ends,

and whilst developing sheet metal for formability trials,
they also carried out their own marketing study. This
study enabled them to project a need for super plastic
aluminium and encouraged them with their technical develop-
ments. The development programme was for forming machinery
- as there was nothing suitable available - and for the
material itself. By September, 1973 the decision to build
a plant had been taken and by July of 1974 the first plant
of Superform Metals Ltd. wds operational. The case history
given by Buchanan does not give enough detail to say what
applications were first developed, or indeed how subseguent
applications have been found. 1t is clear, however, that
the material developed by them was brought to commercial

production because they projected a need for it through

their marketing study.
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Rare Earths: (Source Langrish ot al)

mantle industry. The development of this industry pro-

voked a search for applications for the rare earth by-
products of the thorium extraction process., One of the
first uses found was for Mischmetall - a German coined
phrase - which is a mixture of rare earths, purified, com-
pounded and alloyed with iron. It was (and still is) used
as the 'flint! for gas lighters and later cigarette light-

Brs. Langrish's history does not make clear hou these

first uses came into being from the need point of vieu.

Nothing spectacular happened on the application front for
rare earths for many years. It was not until the 1940's -
when work on the atom bomb in the United States led to the

discovery that n-tributyl phosphate (TBP) was useful for metal

extraction and could be used for rare earths - that other

potential applications came to be thought of. Further
Atomic Energy research in this country led to a solvent
extraction process for the purification of uranium in 1941.
Again on the nuclear front, it was suggested that neutron
bombardment of thorium would give the fissile isotope,
uranium 233. 1t was thought that after a reactor contain-
ing thorium had been started with uranium, it might produce

enough U233 for the reaction to sustain itself with the

. . . of
* 1t was actually a mixture of thorium oxide with 1%
Cerium oxide.
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addition of thorium alone. Thorium was therefore classified

as a strategic material. The atomic energy agencies were

later to give contracts to people looking for rare earth

applications but it would appear that little success was

achieved.

Another war time effect was the projected need for high
strength/weight ratio materials, This led to mischmetall
being used in magnesium alloys for some of the early devel-
opment work with the jet engine, The demand for applicat-

ions in the war changed the rare earth industry from an

impoverished state to one with promise.

However, the unforeseen need applications that were to
profit Thorium Ltd. were still many years away. Thorium
Ltd. had been in existence since 1914 and was owned 50/50

by ICI and Howard & Sons of Ilford. Following the war time
developments a very large research effort was devoted to
thorium and the rare earths. This was particularly to
develop an industrial scale thorium extraction process for
nuclear fuel, In the event thorium nuclear reactors were
never developed and the research team did not find any neuw
uses for the materials. Following the sale of Thorium Ltd.
to Rio Tinto Corporation and Dow Chemi International, the
research department (with a new research team) moved to
Widnes. A new extraction process was soon developed using
versatic acid., However, apart from some research intc
polishing powders for telescope glasses no application
research was carried out during the 1950's. Instead they

relied on making samples of compounds available to anyone




The Government even stepped in and sponsored ‘some research

but still no application was developed.

It was not until the 1960's that outside researchers began

investigating rare earths for novel effects, that any maj-
or developments occurred. Their studies led to a subst-
ance, yttrium orthovanadate being developed which was
activated by europium and gave a superior red phosphor for
colour television. The publicity surrounding this led

to other devices being developed e.q. microwave devices

and lasers. Surely these were unforeseen needs.

Throughout Thorium Ltd.'s history the company has kept faith
with thorium and the rare earths believing (conceiving) a
future need would someday arise. Their faith eventually
paid off but it is probably as well to be aware that they
had had as a mainstay market the specialised glass and

ceramic glasses where these materials were used as additives.

Titanium Carbide: (Source Tanenbaum)

Following World War II, the Ford Motor Company in the United
States re-organised the company and formed a corporate R & D

activity as an adjunct to corporate engineering. The

organisation structure was based on field oriented depart-

ments - physics, chemistry, engineering mechanics, metal-

lurgy and so forth; plus a department devoted to the devel-

opment of gas turbine engines.
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The company had projected g need for deueloping N
meterials for gas turbine development ang set up a research

team under Or. Mr. Humenik - yho had done previous post-

S .
graduate research with ceramics - on a long term research

project. This was in the early 1950's,

They investigated TiC-Ni systems and TiC-Ni-Mgp systems,
but by 1954/55 "the gas turbine project had progressed to
a state of development uwhere the possibility of introduc-
ing a new cermet material was minimal®. However, Humenik
and his co-workers recognised that the titanium carbide
material was showing a hardness far greater than thé
tungsten carbide-cobalt systems, and suggested it might

be useful as a cutting material.

In 1955 a TiC-Ni-Mo material was submitted for evaluation

on machinability tests. Initially the material shoued
plastic deformation but with greatly reduced flank wear.
Within three months a suitable, modified composition showed
improvement - even over existing commercial materials. A
three year development programme followed, which led to
Ford's decision to exploit the cemented titanium carbide
commerciallv. The first operation was the immediate intro-
duction of Til tools in the company's manufacturing operat-
ions. Ford also decided that the tools would be manufac-

tured within the company until licenses could be arranged

With outside organisations.

The research staff were given the task of developing the
Necessary production facilities, which became operational

in 1959, Humenik undertook the task of introducing the
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material into the manufacturing operations at Ford direct

from the laboratory. The introduction of TiC was regarded

as a successful innovation and by 1961 a patent on TiC had

been issued. Following this, outside firms vere contacted

and granted licenses to manufacture the material both to

Ford and the general market.

So whilst the first projected need for a neuy material in

gas turbines came to nought, the unforeseen need of cutting

tools proved to be successful.
Lockalloy: (Source Tanenbaum)

Lockalloy is a beryllium-aluminium composite alloy developed
by the Lockheed Missiles & Space Comp%b by 1962. The
history of the metal started during World War II, It

was a Department of Defence objective that low density,

high stiffness, high strength alloys should be developed

for military aircraft and aerospace system. (i.e. a projec-

ted need).

Between 1946 and 1949 the American Bureau of Aeronautics
(Navy Dept.) sponsored research to increase the stiffness

(modulus) of aluminium alloys by the addition of beryllium.

]

The first alloys developed were very stiff (E = 20 x 10° psi.)
but they had low ductility and their strength was less than
commercial aluminium alloys. Because of this, and also
because of problems of getting beryllium due to its use by

the AEC as a moderator in nuclear reactors the research

Ceased,
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However, the AEC instigated Tesearch for the production of

beryllium in massive form ang also an investigation into
the properties of beryllium and its alloys., Beryllium

became commercially important by the 1950's in the atomic
programme, but it was precluded from non-nuclear appli-
cations because of (i) the AEC requirements (ii) its

extreme brittleness (iii) its toxicity and (iv) its high

cost.

In 1954 the American Society of Metals and the AEC sponsored
a beryllium conference, the proceedings of which were
published in 1955 making much information about beryllium

available to the public.

As handling technigues for beryllium became safer and the
AEC's needs for it reduced, other organisations again took
an interest in it. Micks and Hoffman of the Rand Corpor-
ation issued a report to the Air Force emphasising the
advantage of beryllium for use in aircraft and missiles,
for structural and nose cone applications. The Department
of Defence consequently spomsored further research and as

a result beryllium became a contender for nose cone appli-
cations due to its high temperature thermal properties.
Another organisation - AVCO - was investigating methods of
brazing beryllium with silver. This was successfully demon-
strated and patented by J. B. Cohen in 1958. His results
were published in the Transcripts of the AIME in February

1960 and showed that ductile beryllium-silver alloys could

be produced.
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Unfortunately, the fortunes of beryllium then went into

decline as:w

beryllium was phased out of nose cone applications

as ablative materials came to the fore.

the Air Force showed no interest in the beryllium-

silver results.

AVCO stopped the funds in favour of other programmes.

(2]

strong materials for aircraft frames were recognised

to be of secondary importance in comparison to nose

conese.

Cohen left AVCO.

Y

Nevertheless, whilst work had been proceeding at AVCO, so
also the Armour Research Foundation had been investigating
the development of ductile beryllium alloys - supported by
the Bureau of Naval Weapons. Their vork was reported at
a NASA research advisory meeting in 1960. Lockheed was
represented at that group - and forms the background to

their involvement.

In 1960, Lockheed had positive need of materials that had a
high modulus. One of their internal studies had shoun that
a weight saving of one pound in missiles was worth investing
$20,000 in R and D. The current literature pointed to a
possible solution in ductile beryllium alloys and the deci-
sion to back a research programme to investigate the mater-
ial was made. Note, no DOD funds were used. By 1962

they were capable of producing beryllium sheet for space

craft skins, having investedin both in-house research and sub-



a leader in beryllium technology.,

The feasibility of a
large scale laboratory process had been demonstrated by

the end of 1962. Lockheed, who did not regard themselves

as basic material producers then decided to look for licen-

sees to make the Be-Al alloys., In September 1963 an agree-

ment was reached with Dow Metal Co., though they are not

now making the alloy and the Beryllium Corporation.

So, wWhilst the DOD had initially projected a need for high
stiffness, high strength/weight ratio materials, it was
Lockheed with a positive need who turned the initial studies
with beryllium into the reality of Be-Al alloys, enabling
them to win space craft contracts. The case history does
not indicate whether either Lockheed or Beryllium Corporat-
ion have been successful in looking for other applications,

so subsequent need classifications are unknoun.
Corfam: (Source Robertson)

The Corfam case is a story where the manufacturer, Du Pont,
appears to have done everything right at Firgt glance -
they carried out a market appraisal, developed a material
with good properties, encouraged trials with both manu-
facturers and end users - and yet Corfam is nouw held up as
a prime example to illustrate hou a company should not

innovate.

Corfam was the name given to a synthetic leather - a perme-

able polymer sheet - which it was thought would replace

leather for shoe uppers in the footuear industry. Corfam



began life at Du Pont's Central Research Departﬁent in. the

1930's, when they developed a method for making mircroporous

polymer films, This was apparently directed at the packag-

ing and textile industry. Nothing happened on the Corfam

front though until the 1950's when Du Pont's economists
forecast there would be a need for a leather substitute

for shoe uppers. This was based on the population grouwth
and the increase in the proportion of people wearing shoes.
Perhaps added to this was the forecast of synthetic foods
becoming available and therefore a likely decrease in the
number of cow hides available. Their forecast was based

on leather being the main rival to a micro-porous synthetic
substitute, quite wrongly as it turned out; it was the non-

porous synthetic vinyl coated fabricsmade by Du Pont them-

selves which rivalled Corfam.

During the early 1950's much research and development work
went on to develop a suitable substitute very similar in
properties to leather. During 1956 and 1957 the materials
were field tested and by 1960 Du Pont were ready to commit
themselves to production. They were encouraged no doubt

by the fact that leather had hit an all-time high price.

In response to this onslaught the American tanning industry
responded rapidly, developing scuff-resistant, tough, durab-
le leathers - all properties that Corfam had. Du Pont

though went to great lengths to convince footwear manufac-

turers that Corfam was going to succeed. Two hundred

shoemakers were encouraged to make 16,000 test pair of shoes

and these were given to a wide cross section of the popu-




lation to test. Rlthough the user tests proved ‘satisfac-

tory there were technical problems with the makers, because

their machinery could not handle a tough unyielding Corfam

like 1t could soft leather. And the retajilers were not

inclined to push Corfam - they were after rapid turnover,

generating big profits, and they found it extremely hard

selling Corfam because of customer resistance.

Some problems did not come to light until after Du Pont had
launched Corfam in 1963, For instance, the material did
not have the natural 'stress decay' of leather which meant
they would not 'break in', Houever, sales were rising
rapidly in 1964 and Du Pont was able to over-ride this
problem. Areas that they could not over-ride however,
soon became apparent for example styles changed and wo-
men's shoes became 'open'. No longer uwas there a need
for a permeable porous material. Shoes in Europe were
repaired when heels or soles needed replacing ~ unlike
those in America. And when the cobbler came to repair
Corfam shoes all sorts of problems arose, which more often

than not led to the shoe being ruined.

Even though many other companies entered the field with
synthetic leathers none have succeeded, and Du Pont them-
selves eventually pulled out. The reasons were probably
that costs remained too high, leather fought back, the
Properties of the material were too good for the intended
market segment, the market did not expand and finally

Ou Pont's own vinyl coated fahric maintained its share of

the market.
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For Du Pont then, they would pProbably

claim they conceived

a need for a substitute leather, Their conception unfor-

tunately was urong and Corfam has not gone on to fing any

other uses.

It can be seen from the forementioned cases that the first
applications that succeeded were due in the main to a posi=-
tive need on the part of the user, e.g. carbon/carbon -
brakes by Dunlop, titanium - aero engine components by
Rolls Royce, Lockalloy - space craft skins by Lockheed.

In these instances the applications had been projected by
an organisation external to the material manufacturer i.e.
Dunlop, who at that time were not producing carbon/carbon,
foresaw its use in brakes; Rolls Royce projected titanium's
usage in aero engines; and the American Department of
Defence projected a general need for high stiffness, high

strength/weight ratio materials, which resulted in Lockalloy.

The first applications that were projected either by the
material producer or some other organisation were generally
not so successful e.g. polyethylene in its waxy phase,
silicon nitride in gas turbines, and titanium carbide in
gas turbines. Super plastic aluminium is an exception

here with Tube Investment projecting its successful usage.

Those materials for which there was no initial need (i.e.
polyethylene) or for which the producer conceived there

to be a need (i.e. Corfam) met no success in developing

successful first applications.




Whilst some of the subsequent uses for the materials uere

projected by the manufacturers, many of the successful appli-

cations arose from unforeseen needs introduced to the mater-
ial producer by potential users and came about in many inst-

ances by chance. For example, submarine and radar cables

were both uses thought of for polyethylene by external org-
anisations; silicone usage in 0Xygen pumping systems, as

an insulating material, as a radiation resistant rubber, and
in biomedical applications were all thought of by external
usersy similarly for the rare earths being used as a red
phosphor in colour televisions., Titanium carbide on the
other hand provides an example of an unforeseen need being
generated within the producing organisation, when cutting
tools were developed after Ford workers recognised the

material's superior hardness to other cermets.

Such examples serve to indicate that many of the major uses
for a material are developed not by the material producer,
but by an external organisation with a positive need of

some characteristic of the new material. Many of these
product ideas are completely unforeseen by the material pro-
ducer and are brought to his knowledge by chance in many
instances. This suggests that information about the neu
material should be made as widely known as possible rather

than restricting product idea generation to in-house people.

5.5 THE SEARCH FOR USERS OF A NEW MATERIAL

5.5.1 1S IT NECESSARY TO SEARCH FOR USES?

: : mpan-
As has been shown in an earlier section, some of the comp

ies that have developed a new material have not actually had
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the responsibility of searching for other users,

For them
- Ford with Titanium Carbide angd Lockheed with Lockalloy

for example - it had been sufficient to produce a material

that fulfilled a function for one of their products or pro-
CESSEeS. Then because they did not regard rau material

manufacture as any part of their business they have licensed

their technology and know-how to other companies who are in

the business of producing materials,

Other companies which have developed a material because of

a positive need from an outside user, or because there was

a projected need have had to search for new users. ImI

for instance mounted a quite intensive search for titanium
users outside of the aerospace industry, mainly because of
the problems that reliance on one particular customer (or
industry) brought, i.e. demand fluctuating depending on the
fortunes of the user. Most companies who are in the busi-
ness of producing raw materials have found themselves in

the position of having to search for users of their material
at one stage or another, if not continuously. Another
example, not cited in the cases here, was that of Internatio-
nal Nickel. They were supplying nickel during the First
World War and going from strength to strength with the demand
for armaments. With the arrival of peace houever, their
sales dropped dramatically to a guarter of the war time
level. It was then that the company set up one of the very
first industrial marketing teams "to foster the development
of new nickel-consuming markets such as gelectroplating, man-

ufacture of stainless steel, etc.” (Weston).
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in answer of th i "ig 3
So € question "is it necessary to search for

4] : .
users?” 1t must be said that for material producers the ans-

wer 1s almost certainly 'yes'; whilst for those companies

whose business is other than material production the answer

is probably "no - try to license the manufacture to others

more ablet.

5.5.2 DO NEWMATERIAL PRODUCERS AIM TO SUBSTITUTE THEIR

MATERIAL OR FIND NEW PRODUCT USES?

Rothwell (1977) has shown that the radical type of innovation
in the textile machinery industry has offered the most dra-
matic increases to productivity, whereas in the fork lift
trucks and portable pouwer tooi industries innovations tend

to be of the incremental nature. And from the evidence
gathered in these cases it would appear that though a neuw
material might in itself be a radical innovation for the
producing company, seldom is it used in a radical innovation
by the early users. Does this mean that the adopters of

new materials do not use them in new products? The ansuwer
in most cases must be that the new material is generally sub-
stituted for another. less efficient material, be it for mech-
Bnical or financial reasons - or bothe. Examples of this

abound from the cases:

(i) carbon/carbon was substituted for cermets in aircraft

brake linings.

; h th
<ii) polyethylene was substitupd for gutta percha as e

insulating material in submarine cables.
(iii) silicon nitride was substituted for alumina in welding

nozzles.
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titanium was substituted for: lightvalloy and stain-
less steel skins in the Bristol Britannia, stainless

steel springs, valves and nozzles in nitrogen and

0OXygen compressors, and for Cupro nickel tubes in

heat exchangers for power stations.

Silicone resins were substituted for other resins in

glass tape electrical insulations.

titanium carbide was substituted for tungsten-cobalt

systems in machine tools.

Lockalloy was substituted for light alloys in missile

applications.

There are of course instances where new materials have been
used for radical innovations that have been successful:
- polyethylene for radar cables

- silicone elastomers in biomedical applications.

Others have been unsuccessful, notably, carbon fibres in
the Rolls Royce RB.211 engine - the first three shaft high
by-pass ratio turbo fan developed by an aero engine manu-
facturer. Not so well knouwn, is the disaster that Pressed
Steel suffered when they demonstrated their superplastic
zinc alloy Mini: its creep strength was poor and the bady
work sagged (The Financial Times, Carbon Fibres: The Tale

of a "Wonder Material®™, 12th October, 1977).

Most manufacturers of new materials admit to looking for

those uses where they can substitute their new material.

Beginning in a small way and building up the users’ confi-

dence until the material has gained some sort of support,




In actually developing these suﬁstitution uses,

the - material

manufacturer often has tp be prepared to analyse the mater-
ial's properties in great detail. 1mp did exactly this with

titanium when entering chemical, paper pulp and bleaching,

metal finishing, pouer generation, medical and automotive

industries. To influence the potential user, IMI had to

know how the material would handle in various corrosive

environments, and foresee its fatigue resistance for inst-

ancee.

On the basis of limited evidence the author would propose
the hypothesis that most new material innovations are used
in incremental type product innovations until they have

gained social acceptance (in the engineering sense).

5.5.3 A CONTRAST BETWEEN THE REAL AND IMAGINED SEARCH

TECHNIQUES USED IN INDUSTRY.

For a material producer making a new material, ideas for neu
products have to be generated. Whilst "we must be rid of
the (platonic) concept that the idea is all that counts, be-
cCause it is the way in which the idea is used that trans-
forms society" as Gaudin has stated, a material producer uvho
agreed in principle would no doubt also counter that identi-
fication of product ideas for a new material can be very

difficult, and is for him a very important part of survival.

Although "the origin of good ideas gppears to be fairly ran-

dom" (Finniston, gquoted by The Institute of Metallurgists),

there is considerable evidence to suggest that most ideas
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that are successfully developed come from oUtside the firm¥.
Utterback (1971) found that thirty tuwo of the fifty nine
pieces of information incorporated in new scientific and
measuring instruments came from outside the firm that devel-
oped the idea. Of the 157 cases studied by Myers and
Marquis, ninety eight of the ideas uwere instigated by infor-
mation from sources external to the firm. Of the twenty
five major product and process innovations studied by
Mueller, fourteen originated wholly from outside the firm.
Similarly, Langrish et al's study has shown that over sixty
per cent of ideas for innovation come from outside the firm,
and Table 5.5 belou (reproduced from Langrish et al) indi-

cates the method of transfer of ideas from outside the firm.

Table 5.5 Method of transfer of 102 important ideas from

outside the Award-winning firm

Aston University

Content has been removed for copyright reasons

From Langrish et al., 1572, p.79.

* See also chapter 4.9.1 and Chapter 7.2 for details of the
information sources used by innovative firms.
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It is immediately apparent from

this table that the first

three methods are not generally available for a material

producer with a new material. B. J. Habgood who joined

ICI from the cable industry and suggested polyethylene

should be used to replace gutta perchs in submarine cables,

provides a good example of the first method, but it did not
appear to be a common method with material producers. And
common knowledge of a new material is something that takes
several years to establish before an outside organisation
can suggest potential products. Consequently only the last
nine methods are available to a material producer if Lang-
rish's study can be considered common to material innovation.
If a material producer is to make the most of these external
sources for generating product ideas it would be wise for
him to understand the rules governing the circulation and
adoption of ideas and know how to improve the flow, as

Ferrari suggests.

In recent years much hasbeen written about the methods that
are available for generating ideas and Holt (1977) has com-
piled many of them in his book, referenced. He has sugges=~
ted a number of tools that can be used in the idea generat-
ing process: intelligence-need related, intelligence-
technology related, forecastings development of creativity,
preliminary study and project formulation methods. Only
the first four of these can be used for actually developing
new product ideas, the last two being screening processes
for new ideas. Within these four categories, a total of

tushty six methods are put forward by Holt as means of gene-

rating ideas. Most of the methods sound very theoretical
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and one wonders uwhether industry does indeed use any of the
methods. Holt admits that only two are in general use by
most companies and those are the employee suggestion oysten

and work simplification methods. Table 5.6 summarises the

methods available and the source of reference for further

information on them.

One of the few companies that has published information on
how new product ideas were generated is Climatrol Industries
Incorporeted. Climatrol's business is the development,
manufacture and selling of heating, ventilating, air condit-
ioning and refrigeration equipment. Yousoufian reported
that Climatrol used a product versus market search matrix

to search for new product ideas within the companies!
objectives, and identify those areas where the company uas
lacking in its product range. Having identified potential
new products, they then used a brainstorming technigue to

suggest possible solutions to the product ideas.

However for material manufacturers with new materials the
search procedure for new product ideas seems to be very dif-
ferent. From the limited evidence gained from the case
studies, the methods used to generate neu product ideas -~

or more precisely the sources of new product ideas - are
likely to be far less sophisticated than suggested by most
of the literature. Table 5.7 shows the source of some of
the product ideas for eight different neu materials¥*.

Not all of the sources listed have led to new products and

* Some of the product idea sources have previously been
mentioned by D. W. Kargere.
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TABLE 5.7 Source of Product ldeas for New Materisls,

+1 source led to successful product.

0 not known whether successful products have been derived from these sources.

~1 source did not lead to: a:successful procuct.

NEW IDEA SOURCES:

Carbon/
Carbon

~olye-
thy~
lene

Silicon
Nitride

Tit- [|Sili=~

anium

cones

Super
Plastic
Aluminium

Rare
farths

[

D

HJ =

C ot
a3 i

0]

T e e

WITHIN THE COMPANY

Research Team -
responsible for inventipn
/development.

+1

Inter~disciplinary R & D
Team,

+1

Inform other divisions pf
Company - Do they have any
ideas for uses?

Designate certain divisions
within the company to deve-
lop material characterist-
ics, i.e. moulding, extrud-
ing, machining, etc.

+1

Marketing Groups

+1

Company Salesmen

Professional Associates

Plant Personnel

Design Personnel

Search area designated to
various individuals and
made responsible for prod-
uct developments.

+1

+1

OUTSIDE THE COMPANY

Professional Associates

+1

Consultant Inter-
disciplinary team.

Information given to a well
respected representative
who is in freguent contact
with potential user firms.

+1

Present Papers
: ARt Technical Meetings

¢ In well read, general
technical journals.

Articles in professional
and trade jourrals.

+1

Material manufacturer
produces an abstracting
service - available to
interested parties.

Produce Handbooks and
guides for material user.

Invite technical journalistg
to a symposium at which the
material's characteristics

and potential are put for-

ward.

Tour all likely exhibitions,
seminars, lectures, etc.

to discover current think-
ing.

Show material at relevant

exhibitions - where it is

thought material will have
potential.

Present material on T.V.
P S tTr._. L -« .=
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7 Source of Product ldeas for New- Materials (Contd.)

NEW IDEA SOURCES:

Carbon/
Carobon

Polye-
thy-
lene

Silicon
Nitride

Tit=
anium

Sili-
cones

Super
Plastic
Aluminium

Rare
Earths

Tit-
anium
Carbide

QUTSIOE THE COMPANY
(Contd.)

Discover uwhat other comp-
anies in the world have
introduced or are
developing.

+1

+1

Engquire of chief engin-
eers and buyers what fea-
tures of present equip-
ment are unsatisfactory
or what neu features could
usefully be introduced.

Customers

+1

Distribution Channels

Inventors

+1

Friends

+1

Research Centres, Profes-
sional R & D Companies.

+1,-1

+1

+1

Sales Representatives
from pther companies.

Advertising agency
Personnel.

Government Personnel

+1

+1

Equipment Manufacturers

Professional Marketing
Firms.

New Product Announcements

+1

Public utility companies
interested in area of
commercial development.

City, County and State
industrial development
commissions/Government
agencies.

Trade Associations inter-
ested in specific areas
of industrial activities.

Organisations and indivi-
duals available to search
plant records for
developing areas.

Commercial Bankers direc-
ting new product financ-
ing activities.

Company Acguisition.

Licensee or Licensor.

+1

Fabricator/Customer Group
- for a material producer
there might be a third
party (fabricator) who
converts the raw material
to a finished product and
then sells to customer.

+1

Companies with whom
technical agreements are
in force.

+1

+1

Samples provided to inte-
rested parties allouing
them to investigate mat-
erial and suggest use.

+1

+1
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of those that have been used, some have led to successful
products for a partibular material whilst for another
material they have been unsuccessful sources. 0f the ten
sources listed within the company eight have been used by
one material or another, and of the thirty six sources

outside the company, twenty six have been used.

5.5.4 A CONTRAST BETWEEN THE SUCCESS AND FAILURE OF THE

REAL SEARCH TECHNIQUES USED BY MATERIAL MANUFACTURERS

As can be seen from Table 5.7 some of the idea sources have
led to successful products for some materials but not for
others. To illustrate the difference some of the sources

are compared below:

- Research team responsible for invention/development.

Polyethylene: The five team members responsible for the
invention of polyethylene at ICI - Swallow, Perrin, Manning,
Williams and Patom - all thought of the material only in
terms of its waxy phase, i.e. as a superior paraffin wax.
As such the uses would have been in candles, waxed paper,
polishes, etc. None of the major uses stemmed from the

&

suggestions of the invention team.

Titanium Carbide: Dr. M. Humenik led the team responsible
for the development of titanium carbide at Fords. Almost
certainly Humenik was aware of developments with cermets ~
in general, and in particular with the fact that tungsten
carbide~cobalt systems were being used for cutting tools.
In realising that TiC had a greater hardness than WC-C8, it

must have been apparent to Humenik that TiC could be of use

as a cutting material.
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- Discover what other companies in the world have introduced

or are developing.

Polyethylene: At one stage ICI were prepared to exchange
information with I. G. Farben Industries of Germany for
information on some new resins that IGF had developed.

IGF were at the forefront of resin technology at this time
(early 1930's) whereas ICI were lacking in this area. How-
ever, ICI eventually decided that polyethylene was far too
important to trade information like this and pulled out of

the discussions,

This cannot truly be classified as a search for neuw product
ideas for polyethylene, rather it was a search by ICI for
a new material product line for themselves. It did not,
however, lead to new product ideas for polyethylene or in-

deed to a new resin product.

Carbon/Carbon: After Dunlop had heard that a new structural
carbon had been developed in the USA they sent a representa-
tive to America to visit all the carbon manufacturers. As

a result of this Dunlop ended up with sample discs of carbon/
carbon from several manufacturers which allowed them to inves-
tigate the potential of the material for aircraft brake
discs. After analysis and some trial work carbon/carbon
(manufactured by the CUD route rather than the resin route)
was chosen, and it went on to replace the beryllium brakes

that had only recently been developed for Concorde.
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Super Plastic Aluminium: As a result of Tube Investment
learning that Pressed Steel Fisher were introducing a zinc-
aluminium eutectoid alloy '"Prestal' for motor car bodies,
they themselves directed their ouwn research work on super

plastic aluminium towards more practical ends.

- Customers

Carbon/Carbon: Even though Rolls Royce (1971) Ltd. are
one of Dunlop's main customers for aero engine control
eguipment, no use for carbon/carbon has yet been developed
with them. That, despite the fact that Rolls Royce have
shown interest in the material and have suggested possible
uses. Rolls Royce never pushed the potential uses very
hard and Dunlop did no development work on the uses, since
they were considered to be too long term in nature and

would not represent major products to the manufacturing unit.

Titanium: Close co-operation betueen Rolls Royce and ICI
Metals Division (nouw IMI), led to the development and intro-
duction of several titanium alleys for use in Rolls Royce
engines. Rolls Royce specified the properties they regu-
ired for a particular application and IMI began preparing

suitable alloys that would do the job for them.

- Inventors

Carbon/Carbon: Dr. MaclLeod, inventor of a heart valve tried
to interest Dunlop in making the valve from carbon/carbon.
Although the idea seemed sound enough, no valves were ever

made by Dunlop and very little development work was done.
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This was probably due to management's unfamiliarity with

the medicel world - an area that Aviation Division had no

experience of.

Polyethylene: Sir Robert Watson Watt, inventor of radar
handed the transmitting details of RDF* to Metropolitan
Vickers Ltd., who were already investigating polyethylene's
electrical properties for ICI. They were able to link

the product idea with the new material and radar cables
wvere developed. Without polyethylene it is possible that

radar would have been delayed for several years.

- Research Centres, Professional R & D Companies

Polyethylene: This was a case of a successful product

stemming from one research centre, whilst nothing came

from another. For while Metropolitan Vickers investigated
polyethylene and developed the radar cables, the Cable

Makers Association, who had asked ICI for the sole rights :
to develop electrical uses for polyethylene achieved noth-

ing. ICI eventually broke off all contact with them and

worked with more dynamic organisations.

Silicones: The development of radiation resistant rubbers

did not come about until samples of vulcanized and unvul-
canized rubbers were given to a visiting Professor from
Pittsburgh University. Whilst carrying out his radiation

studies he noticed that the unvulcanized samples became

vulcanized. Further development work by Dow Corning led

to the development of radiation resistant rubbers.

* Radio Direction Finding
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Rare Earths: It was not until researchers outside Thoriuﬁ
Ltd. began to investigate the rare earths for novel effects
that yttrium orthovanadate was developed. This provided

a superior red phosphor for colour televisions and even-
tually led to other devices being developed - microwave

and laser devices for example.

Such examples lead to a picture of some idea sources working
for one company with one material whilst not working for
others. There were also examples of similar idea sources
working successfully and unsuccessfully within one company
at one and the same time, and from the evidence gathered it
is difficult to say which types of idea source are most
effective. This is reflected not only in Table 5.7 but
also in the fact that many of the companies associated with
the cases had no record of where their product ideas origi-
nated. None of the companies apparently kept records of
the effectiveness of their search operation. Most would
have records of orders, but not of the source that led to
the order. To judge the effectiveness of a product idea
source 1s therefore not easy. The only logical thing to
say is, "it all depends" - on uwhether people are in the
right place at the right time; on bringing information
about the materisl to those that are in need of it at the
right time; on the potential user being prepared to adopt
a new, unknown material, and so on, and that is not to men-

tion its price, properties, fabrication technigues, etc.

It all depends!
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It cannot be predicted where a ma jor product idea will come
from. ICI's First’major user of polyethylene, Telegraeph
Construction and Maintenance Company came about after

J. N. Dean (owner of T.C.& M) read about polyethylene's
development in ICI's Annual Report. Thus was born the

submarine cable use.

There is no one source of ideas on which you can generalise.
The only recommendation that can be made to a company pro-
ducing a new material is that it should use all possible
product idea sources that are open to it. Even when pro-
duct ideas have been accepted as economically beneficial it
does not automatically mean they will be accepted by the
firm. Before that happens the product must face the whole
organisation and the associated behavioural problems - see

Chapter 4.3 for instance.

5.6 CHAPTER REVIEU

Because the innovation process experienced by material pro-
ducers is not new, a case history approach was adopted to
investigate particular facets of the process. The fact
that companies have experienced many of the problems before,
and that case histories of these can help the less experien-
ced material producing innovator, was felt to be ample
justification for pursuing the case histories. In all,

ten cases were used to provide information about the inno-

vation process.



- 235 -

The major problems facing a material producer with a neuw
material uwere identified as knowing (a) hou to find users
for his material, and (b) which properties should be inves=-
tigated. For those producers neu to material production
a problem could sometimes arise in actually deciding the

implications of being a rau material producer or finished

product manufacturer.

The "need' application mentioned by so many authors as being
a prerequisite for the success of an innovation has been
discussed. Too little is knouwn about the different types
of need that can prompt an innovation, but at least five
classifications have been identified with these cases:
positive, projected, conceived, unforeseen and no need.

An assessment of these different needs has been made. Those
material innovations that are developed because of a pro-
jected need by an external organisation alone cannot be
guaranteed, whereas those that are developed because of a
positive need associated with a projected need are far more
likely tc meet success for the first application. Although
materials might be developed successfully because of posi=-
tive and projected need (by the firm) applications, the
subsequent applications that are developed successfully are
split fairly evenly between projected (by the firm) and

unforeseen need applications.

For those companies whose business cannot generally be
regarded as material manufacture, but who have nevertheless
developed a new material, it is sensible to consider licen-

sing the technology to a material manufacturer. Ify, how-
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ever, the company uishes to remain as a material manufacturer
some basic guidelines to consider would be as Folldus.
Beware of reliance on one customer and search for new uUsers.
Most of the successful products that have used neu materials
have been substituted for older, less efficient materials.
This appears to apply particularly when the material inno-
vation was getting under way. R hypothesis has been pro-
posed - but unfortunately not proven by this work that:

most new material innovations are used in incrementél type
product innovations until they have gained social acceptance
(in the engineering sense). Although recommended methods
of generating new product ideas are well documented, it
appears that very few material producers actually use the
theoretical methods; preferring instead to stick to rela-
tively unsophisticated but user oriented sources. However,
even those sources are not always reliable; they have been
shown to vary from material to material. In recommending

a material producer to consider all of the idea generation
sources that are available it is as well to be aware of the
effects of the many different variables on the success of
individual techniques, and of the difficulties in defining

the most effective approach.
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6.1 CHAPTER PREVIEW
It was assumed - before the survey, 'decisions on materials'

- that there were individuals in industry, who had the task

. 3 3 1
of deciding which materials were to be used in their company's

products or process equipment. At the very least, the

response to the survey has indicated that there are indeed
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le who recoani | i ia
peop gnlse the title 'material decision maker'¥*,

as one of their roles.

i Y 1 : . .
The function of this 'material decision maker' is, in many

cases, much wider than just material selection. The func-
tion of such individuals appears to vary not only from
industry to industry, but also according to the size of the

company = as will be shown in this section.

Is there just one 'material decision maker! per company? -
or is there 2 team of individuals from various roles who
group together to make material selection decisions? Such
guestions, about the size of material decision teams will be
answered. There are indications that in some industries,
one individual - a material specialist, keeps track of mate-
rial developments, and makes the decisions: whilst in other
industries a group is formed to take these decisions. And
the size of this group is not always constant - it may vary

from product to product.

Innovation in the field of materials is important - but how
does.it compare with say, product or process innovations in
terms of importance. The 'material decisions makers' from
this survey have indicated that material innovations are

indeed important - probably more so than is generally realised.

This chapter then, looks at (i) the function of material

decision makers, (ii) the size of and nature of material

decision teams and (iii) the relative importance of material

. s : ]
innovations as indicated by the same "material decision makers'.

* A material decision maker is def%ned as a person u1§:e§:2_
responsibility of making a conscious choice aiong i .
tive courses of action, in this case about materials;

adanted from Kotler, see also 2.7.2.
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6.2 THE FUNCTION OF MATERIAL DECISION MAKERS

A 'material decisi "o .
on maker' is that person with the responsi-

bility of deciding uhich materials his company's products
(or process equipment) are to be made from.  He may well be
the sole person responsible for such decisions - or equally,
he may be one of a team who have the collective responsibility
of material selection. This section will shou that material
decisions play an important part in product design and manu-
facture - and that the individuals taking these decisions

have many different functions. It vas anticipated (prior

to the survey) that material decision makers would have res-
ponsibilities in engineering, design and buying roles (see
Chapter 4.4). Whilst this has been vindicated, (more or

less) material decision makers do come from more diverse

areas of the company.

The results have been analysed from the replies of 224 mate-
rial decision makers. To indicate the size of the organi-
sations that these material decision makers came from figure

6.7 has been included to show the distribution.

6.2.17 FUNCTION OF MATERIAL DECISION MAKER BY INDUSTRIAL

SECTOR

An overall picture of what function material decision makers

have can be found by viewing table 5.7

The heading 'design' has been taken to include those respon-

dents whose function included mechanical engineering and

stress analysis - as well as those with the title chief engi-

Neer, technical manager, and obvious designer. Not surpris-
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Table 6.1 Shouwing

the function of the material decision maker by industrisl sector

(% figs. are for particular sector concerned).

Design (incl.

Function .Director stress, mech'l FManufacturing
not (incl. gene- eng'rs, chief (incl. builder
stated ral manager) eng'rs, tech'l works manager)
managers)
Aerospace 2 (8B%) - 10 (40%) -
General Engineering 9 (13% 27 (38%) 18 (26%) 2 (3%)
Material Producer 2 (8%) 5 (36%) 5 (20%) 1 (4%)
Nuclear and Power o
Industries - 4 (247) -
Road Transport 2 (5%) 6 (15%) 11 (29%) 3 (8%)
Research Establishments 1 (5%) 2 (10%) 5 (25%) -
Small Marine - 1 (8%) 9 (69% 2 (15%) 1 (8%)
Other 2 (14%) 2 (14% 6 (42%) -
Total 19 (8% 55 (25%) 61 (27%) 7 (3%)
Material Specialist
(incl. metellurgists R&D Engineering Service

material tech'logiss
material eng'rs?

Consultant

Aerospace 10 (40%) 1 (4%) - -

General Engineering 5 (7%) 4 (6%) 5 (7%) -

Material Producer 4 (16%) 1 (4%) 2 (8%) -

voteer me Pover 10 (65%) 1 (o) : :

Road Transport 13 (33%) - 1 (3%) -

Research Establishments 5 (25%) 3 (15%) 1 (5% 1 (5%)

Small Marine - - - -

Other 2 (14%) - - -

Total 49 (21%) 10 (4%) 9 (4%) 1 (3%)
Informgtion PchecF Quality Marketing Performapce Pu;ch—

Service Engineering Engineering asing

Aerospatce - 1 (4%) - - 1 (4%) .

Gemeral Engineering - - - - - 1 (1%

Material Producer - - - 1 (4%) - -

Nuclear and Power _ 2 (12%) - - - -

Industries

Road Transport - 1 (3%) 1 (3%) - - -

Research Establishments 2 (10%) - - - - -

Small Merine - - - - - -

Other - - - 1 (75) ~ 1 (75)

Totel 2 (17) 4 (2%) 1 ($%) 2 (1) 1 (40) 2 (1%
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ingly, most respondents (27%) fell in this category, for it
agrees with the findings of Buckner and The Financial Times
(see Chapter 4.4). It does appear thersfore, that the
'designers' play a very important part in the material selec-
tion procedure - as may have been expected, The importance
attached to this function is shown most clearly in the aero-
space sector - ten of the twenty five respondents having a

design function.

More surprising, was that another tuwenty five per cent of
the respondents had responsitbilities at director level.
This may be explained by the fact that eighty per cent of
the directors were from companies with less than 500 employ-

ees - see figure 6.2 - (note, that the average number of

-~ N
0 o

Q O
1 Nesg KL
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N of companies

N< 15001
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1001<N <5000
)
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Figure 6.2 Variation of Directors
and Material Specialists_JAcross the

Company Size Sp eitrum
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employees in this survey uas some 2,400 per company ). - And
this does tend to bear out one's experience that for small .
firms, the directors or ouners have generally set up the
firm and in many cases it is their expertise that runs the
business - wanting (needing) to be involved in all the deci-
sion making processes. (Ssuch organisations are described

\

by C. B. Handy as being run along the lines of power culture).

Such results do bear out what has recently been suggested in
a report submitted to the Design Council by the Institution
of Metallurgists in July 1977. And that is, that "in a
small organisation, the design function may be handled by

a single person who would be responsible for all aspects of
the detailed design and of the process for bringing the design
to fruition.™” Furthermore they have suggested that "the
design of major products (presumably in larger organisations)
«es+15 Now generally undertaken byvteams which include both
engineering and industrial designers with the addition of
specialists such as stress analysts, materials scientists,
production engineer, manufacturing system expert and so on."
The results of this study (table 6.1) presents evidence to
support what the Institution of Metallurgists have been pro-
posing. In the main, it was the medium technology industries
from the small marine, general engineering and material pro-
ducer sectors who had the largest percentage of 'material

decision makers! as directors.

It is equally apparent from the evidence that the larger,
high technology businesses - aerospace, and nuclear and pouer

industries - do not have (at least from this survey) directors
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employed to make de;isions ébout which materials should be
used for particular jobs. This again is in general égrée-
ment with other findings, €.9. the Financial Times study
which found that directors play a less important role as

the size of the company increases,

Material specialists - metallurgists, materials technologists,
materials engineers - form the next largest group (21%):
though notably these come in the main from (i) nuclear and
power generating industries and (ii) the aerospace industries.
Other sectors, such as general engineering and the small
marine industry appear to have a distinct lack of such specia-
lists., This is understandable, as it tends to be the larger
organisations generally who employ such people - over sixty

five per cent of the companies employing material specialists

had more than 1000 employees on site (see figure 6.2).

Is it significant that only two respondents (out of 224)
stated their function as buyer? It had been assumed that
the buyer played an important role in the selection of new
materials., As it had been suggested in the cover letter
that extra guestionnaires should be given to interested col-
leagues, this may indicate that the buyer plays no signifi-
cant role in the material selection process - apart from
actual purchase, a fact which has been highlighted in Chapter

4.4,

None of the other functions mentioned by the respondents
form prominent groups. For example the R & D function tot-
als only ten; this in particular is surprising as the R & D

function had been thought to be more directly involved in
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material innovation, and hence the decision making process

(see the Financial Times study and Chapter 4.4.).  The manu-

facturing function is another area, where one might have

expected there to be more involvement - after all it is those
in production who actually have to turn the rau materials
into finished products. But they too (according to this sur-

vey) play only a minor role in the material selection proce-

dure.

Apart from design, director and material specialist there
are ten other functions stated - rather diverse and perhaps
not significant to the overall picture. Nevertheless they
should be remembered - it is not aluays the designer uwho

knows most about material developments.

6.2.2 PECULIARITIES TO INDIVIDUAL INDUSTRIAL SECTORS

Apart from the variations across the different industrial
sectors as described above, there are some trends peculiar
to particular sectors; and these are mentioned here purely

as an addendum:

-~ Aerospace: Respondents from the design and material specia-
list function totalled twenty, i.e. eighty per

cent of the respondents fell into thess two
categories.

-~ Nuclear: Of the ten material specialists cited in table
6.1, four stated their role to be advisory to

the decision team.
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- Research These are generally small to medium size
Establishments: '
organisations with a much greater ratioc of
gualified scientists and engineers (QSE) to
operatives than may he expected in the other
sectors. Of the tuwenty respondents in this

sector, seven stated their role as advisory

to the decision teams in industry.

6.3 SIZE AND NATURE OF MATERIAL DECISION TEAMS

(i) As_a function of the size of the firm

The size of the firm (number of employees) often plays an
important perts in the way an organisation is structured for
the day to day business of running a firm. It was hoped,
that this study would show whether or not firm size had any
effect on the numbers employed in a material decision team.
Having said that, it is important to understand what is meant
by firm size. Many studies, that have looked at the affect
firm size has on various aspects of organisation structure
have taken size to mean only those employed as qualified
scientists and engineers (QSE). If such a gualification was
imposed on all the firms responding to this survey, many
would fall by the wayside. To overcome this, and make com-
pilation of the results the easier, it was decided that firm
size should be the total number of employees employecd at the
particular site - regardless of gualification or whether the
employees are termed as 'works' or 'stafft. This, should in
Nno way invalidate the results - the same criterion was appl-

ied across all the industrial sectors.



- 247 -

One would not generally expect to find one person solely
responsible for material selection in every firm, in each
industrial sector. From experience it seemed possible that
the size of a materiel decision team might vary as a normal

distribution, as the size of the firm increases - see fiogure

Figure 6.3 Possible distribution of material decision team

size V size of organisation
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Such a picture would indicate that only the very small and
very large firms use one material decision maker. It could
be rargued that the very small firms cannot afford to employ
such specialised expertise, and rely on the entrepreneur
(director/ouner as described in section 6.2.2) to make such
decisions as part of his function in running the business.

At the other end of the scale, the big/giant firms may well
have the resources to employ a really expert material speci-
alist to make the material decisions for the whole organisat-

ion.

Unfortunately, such a clear cut picture has failed to emerge
from this study. Table 6.2 shows the breakdown of the team

sizes across the different industrial sectors and the graph
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Table 6.2 Shous the size of material decision teams across different industrial sectors. 2
(Key: a = advisory, cs = cystomer specifies materials)
Nos. in decision team Team size Other Company size
Incustrial Seoment 1 N - - U‘;f_?z;‘ Capacity e:gioszes)
ferospace 0 0 §] 0 o0 0 0 0
General Engipeering 1o 1 0 2 o o a
“aterial Praoducer ia 3 0 0 a 0 o]
f.uclear and Pcwer Industries Q ¢ ol 0 0 0 o] o]
Roed Transport 0 ¢ G 0 0 2] ) 0 1 to S0
Research Establishments 00 1 0 o0 a 1 2(a)
Smell Marine 3 2 2 101 0 2] 8]
Cther 0 @ 2 10 8] 0 Q
Total s 8 9 2 1 C 1 2
Aerospace 0 0 0 0 0 0 0 0
General Engineering 2 1 10 ¢ @ 1(8) 0 1{a)
Material Producer 10 2 10 0 a 0
Nuclear and Fouwer Industries G 0 0 C G o] o] s} 51 to 200
Road Transport 30 1 0 ¢ 0 0 0 -
Researcn Establisnment (s 30 1 o} 0 (a)
Small Marine 101 2 0 0 0 0 0
Other g 0 o] 10 1(6) 0 0
Total 7 2 18 g 1 2 3] 2
Aerospace 0 o 2 1 0 0 1 0
General Engineering 31 3 S 1 4(s8,6,6,10) ] 5(ics,Sa)
Material Producer c t 0o 3 3 1(6) ] 0
Muclear and Power Industries O 0O o] 10 2(5+,7) 1 3(a) 201 to 1000
Road Transport 30 1 2 1 2(6,1G) o 0 -
Research Establishments 0 0 2 10 2 1 3(2a,1R&D)
Small Marine 0 0 0 0 o a o] c
Other 18 2 0 4@ i(10) 1 0
Totsl 7 2 10 13 5§ 12 4 12
herospace g 1 3 T2 3 3 0
General Engineering 4 2 & 3 2 2 1 i(e)
Material Producer 0 0 2 11 5] 0 1(a)
Nuclear and Fower Industries 1 1 0 2 0 1(6) 1 1(a) 1001 to 5000
g 3 o i 1 3(6,6,5-10) 1 0 —
0 0 G 3 0 0 0 0
c 0 0 0 C 2 o] 0
9 0+ 3 1 0 0 C
R s 6 K
e c oz 21 i(8) 1 t
c ¢ 0 ¢ n 0 0 e
10 ¢ 0 0 1(86) e 0
5 7 T i 0 a 1(2)
1o 1 2 1 2(e,8} 3 o
a o G 1 [a} 3] 1{a)
oo g ° 0 S o G
5 ° G o o G 0
B J T3 & 7
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of figure 6.4 shows more clearly the random nature of such

decislon team sizes against size of firm. Why should it

be such a random picture? There appears to be no real pat-
tern emerging at all - what are the reasons for this? Firs-
tly, the term "decision team" was left undefined in the
guestionnaire - basically because the author did not knou

who should or should not be included. It was therefore,
left to the individual respondents to decide if they could
first be classed as a 'material decision maker' and then
decide if they fitted into a team. It may well be that in
many firms there is a top designer who takes the final decis-
ion on material selection - but there may be several desig-
ners beneath him who also decide which options to put before
the top designers. In which case, the top designer might
regard himself as the sole decision maker whilst those who
advised him would almost certainly see themselves as part of
a team. The interpretation of "decision team" was therefore
clearly a matter of individual interpretation - a fact which

might play on the results as indicated.

It was clear from many of the returned questionnaires that
respondents thought just that - the term 'decision team' uas
undefinable. Indeed there were thirty repondents who made
comment on thé difficulty of placing a number to such a team.
A few of their quotes are reproduced here to illustrate the
problem:

- "yariable, depending on application - usually three to four"
- "variable, depending on product (5-20)"

- "supported by team of seven, but decisions are corporate,

multi departmental, under designer (who is finally respon-

sible)"




- 251 -

"to say hou many may be involved at any one ‘time would be
impossible in a Group as diverse as this one™"
"three or four, depends on project"

"varies according to problem but usually three or four"

"mo specific team"

"varies according to component or assembly"

"mot definable"

"varies"

Such comments uere made by firms uhose size varied from 100
to 12,000 employees (mean of 3311). It serves to illust-
rate that such groups (for material decisions) are not static
- but rather, dynamic, depending on the product - project,
as indicated by the literature (see Chapter 4.4). A firm
will know what expertise it needs to solve the problem, and
then allocate the manpouer accordingly (a task type culture
according to C. B. Handy p.182). The size of the firm
does not appear to affect such team sizes dramatically.

For example, the larger organisations do not seem to have
any more of a structured approach than do the small ones,
for solving these particular problems of material selection
- as has been suggested by C. B. Handy (p.187). Rather,
this random picture vindicates what John Childs had already
suggested, that there are "factors other than size of orga-
nisation" that affect the numbers in certain "specialized
staff functions". Although Child's analysis was based on
the chocolate and sueets, electronics, daily newspapers and
pharmaceutical industries, his results back up these find-
ings. Indeed the size of the design and development func-

tion from his study has a very low correlation with organi-
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that the specialised functions shouwn,

to their correlation with organisation size,

Table 6.3 shous Child's results modified such
are ranked according

i.e. those func-

tions that are related to organisation size have a high cor-

relation factor and vice versa.

Table 6.3 Correlation between the size of sixteen specialized

functions and the size of the organisation

Function

Correlation with
total employees

Maintenance

Finance

Sales and Service
Transport and Despatch

Public Relations, .
Advertising

Buying and Stock Control
Welfare and Security

Production Planning and
Control

Legal and Insurance
Market Research
Training

Employment

Design and Development
Office Services

Production Methods

.91
-89
<86
.78

72

*65
*65

*45

*43
- 35
*38
32
=25
«25

*18

These functions
have their size
closely related
to the size of

the organisation

The size of these
functions is not
generally related
to the size of

the organisation

(Modified Table 4 from Child)

Note: The correlation factor is a measure of the size of the

particular funetion related to the size of the organisation.
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Peculiarities to individual industrial sectors

Rgain, as an addendum,

there are a feu interesting trends

assaciated with individual sectors:

- Material Producer:

- Road Transport:

It cannot be stated categorically that
the size of material decision teams
decreases as the size of the firm inc-
reases. However, the author feels it
necessary to point out what might well
be a trend. Two large chemical com-
panies (one with just over 10,000 emp-~
loyees, the other with more than 15,000)
claim to have just one (in one of the
firms) and two (in the other) material
decision makers. These key individuals
make all the decisions for material sel-
ection in their products and processes,
but note that the input for these deci-

sions came from elseuwhere.

The trend to one decision maker is again
hinted at in the car industry for the
larger firms. Two respondents from a
firm employing nearly 17,000 claim to
have sole responsibility for material
decisions - although in this case, they
truly are specialists, being responsible
for particular classes of material:
polymers, lubricants, metals, etc.

They then presumably 'plug! into the
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material selection, Whilst there is

of the large organisations (six between
6,000 and 12,000 employees) could not
define such a material decision team in

terms of numbers taking part.

So whilst there may be an indication that some of the larger
firms are moving towards employing one specialist for such
decisions, there is no hard evidence that this is a general

trend.

(ii) Ignoring the effect of firm size

Because the size of the firm did not appear to affect the
size of the proposed material decision teams in any signi-
ficant manner, another approach was adopted. Is it possi~-
ble to define the most common size of team regardless of
firm size? The answer to this must be a tentative 'yes!'.
Figure 6.5 below shouws that when the firms from all the
industrial sectors are combined, the most common team size
for material selection is th:ee (Table 6.4 shows the break-

. down for all industrial sectors).

If this is indeed so, and there seems no reason to doubt it,
then the results are at variance with some published conclu-
sions on groups. It has been suggested by Handy that "for

best participation, for highest all round involvement, a

. V
size of between five and seven seem to be optimum. Bormann

design team - but remain responsible for

this example of the sole material decis-

ion maker, it is equally clear that some
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Figure 6.5 'x’ number of firms use

'y' number of employees in a material

decision team

Table 6.4 Illustrates the no. of firms using 'x' no. of

employees in a material decision team - shown across the

different industrial sectors.

'x!' no of employees in a material decision team
Industrial Sector 1 2 3 4 5 5+ l::geiiiied
Aerospace 0 1 7 4 4 4 5
G i -
;eqeral Fngineer 10 8 21 17 4 7 1
ing
Material Producer 4 2 7 5 4 2 0
Nuglgar apd Pouwer ] 1 1 3 1 = 2
Industries
Road Transport 9 4 4 5 3 7 7
Research tstab-~ 0 0 6 2 1 2 2
lishments
Small Marine 4 3 4 1 1 0 0
Other 1 1 5 3 1 2 1
Total 25 20 55 35 19 27 18
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and Bormann have also suggested a group of five being the

optimum for an efficient work group. However, according
to this study groups of five to seven are the exception

rather than the rule when it comes to material decisions;

and it is proposed that three is the favoured group size.

The picture of team size (table 6.4) across the individual
industrial sectors is not so clear cut. And it is probably
not wise to be dogmatic about the individual results because
some of the samples (nuclear and power industries, research
establishments and small marine sector) are not large enough

to place great significance in them.

6.4 INNOVATION - THE RELATIVE IMPORTANCE OF MATERIAL,

PRODUCT AND PROCESS INNOVATION

How important is material innovation for British industry?
If innovation on the material front ceased would product

and process innovation decline also? With the material
decision maker playing an important role in his firms pro-
duct and process development, it was thought that his rat-
ing's of the relative importance of the three areas of inno-
vation, would reflect industries general view of innovation
in these important areas. The aim then, is to show the
relevant importance of material, product and process inno-

vation.

Respondents were asked to indicate their interest in these
three areas of innovation. If they indicated that their
interest lay completely out of these areas, then their rep-

lies were ignored - not just for this part of the exercise,
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but completely. Uhether One can compare relative interest

to a ranking of importance may be debatable - but, on the

supposition that interest means that their work entails them

being aware of developments in these areas - then it should

give an indication of the relevant importance of material,

product and process innovation.

Table 6.5 shows the distribution of the respondent's interest
in the different areas of innovation - across all the differ-
ent industrial sectors. The Venn diagram of figure 6.6

illustrates gquite clearly (for the combined industrial sector)

the breakdown of interests with corresponding overlap areas.

Figure 6.6 shows overall area of interest for material,

product and process innovation.

Material (181)

Product Process
(149) v (144)

Using this as the basis for determining the relevant import-
ance of the three areas of innovation, then the order is

material (181) product (149) and process (144) though there
is virtually no difference between product and process inno-

vation, This picture, of material innovation being the most
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important 1s repeated across all the industrial sectors studied,

(see figure 6.7) except for the road transport sector. In that

sector product innovation @ppears to be the most important,

Such an analysis ignores the fact that many respondents (86 from
224) claimed to have interest in all three areas of innovation.
Perhaps it is this that should be emphasized most- strongly -
interest in one area of innovation without reference to one of the
other areas does not figure prominently. The '"material decision
maker' is involved in pProduct, process and material innovation -
which is no real surprise. What would have been surprising is

if the 'material decision makers' had claimed to be interested

in only material innovation. Product and process innovation

must to an extent involve neuw materials, and this is reflected

in these results.

It would be dangerous to read any moré than the two observations
above into these results. Let us just say that material inno-
vation plays an important part in industrial innovation today.
It is not really a separate issue from product and process inno-
vations - it plays an integral part, though the 'material decis-

ion makers' might regard it as being the most important of the

three areas of innovation.

6.5 CHAPTER REVIEW

Some new light has been thrown onto the three areas studied in

this chapter.

There are persons in industry who regard themselves as 'material
decision makers', They come from many differing functions,

thirteenin all but there are three different functions which
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' 1 . )
6.7 Respondentls area of interest in Material, Product and Process Innovation

across different Industrial Sectors

Material (22)
Material (57)

Product Product
(13) Process (45) Process
(15) (46)
AEROSPACE GENERAL ENGINEERING
Material (20) Material (15)
Product Product
(18) Process (11) Process
(17) (14)
MATERIAL PRODUCER NUCLEAR & POWER INDUSTRIES
Material (29) Material (17)
Product Product
(32) Process (10) Process
(24) v (12) ,
ROAD TRANSPORT RESEARCH ESTABLISHMENT
" Material (12) Material (9)
Product
Product r(g Process
(11) Process (6)
(12) v

OTHER
SMALL MARINE
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stand out from the rest, These three are design, director

and material specialist - in that order of importance. The

design function is important across all industrial sectors -

but particularly so in the a@eérospace industry. Directors

play important roles in the material selection process in the
smaller firms (less than 1000 employees), in the general
engineering, material producer and small marine sectors - but
play. no part in the high technology businesses like aerospace
and nuclear and pcuwer industries. On the other hand, material
specialists play important roles in Just these high technology
areas and not in the general engineering and small marine
fieldse. There is almost an inverse relationship between these

two functions ~ below 1000 employees, directors predominate;

above 1000, material specialists take over.

The size and nature of the material decisions teams have shown
themselves to be very random - particularly when compared with
the size of the firm. There is some evidence to suggest that
such teams vary in size, according to the product/project that
is being studied - and that the team may well have a different
Composition for different projects. In general, the larger
firms appear to be no more structured than the smaller ones,
when it comes to material decisions. However, there is just
an indication that some of the really large organisations (in
the chemical and motor trades) are turning towards one material
decision maker for material selection. If the size of the
Organisation is ignored the norm size for material decision
teams appears to be three - which differs from accepted group

theOry where teams of between five and seven people are sug-’

9ested to be the most effective.
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According to the material decision makers, material innovation
is just as important in industrial life today as product and

process innovations. Whether product and process innovations

would decline, should material innovations cease, is not knoun
- maybe that is an area for future research. What is knoun
s

is that many of the material decision makers are interested in
all three areas of innovations, and not just material innova-
tion. It is this group, or members with this function, who
are the obvious people to introduce neu materials into their

organisation.
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7.1 CHAPTER PREVIEW

The material decision maker has to keep up-to-date with mate-
rial developments to ensure his products or process equipment
are using the most efficient materials. The information

sources and channels that he uses are therefore of importance

to material producing companies. This chapter analyses the

results from 224 material decision makers as to which sources

and channels are effective for seven different industrial

sectors,
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7.2 THE TMPORTANCE OF EFFECTIVE COMMUNICATION IN THE

INNOVATION PROCESS

The importance of effective communication between innovator
and potential user has been recognised for some time. Al-
though there has been some disagreement between various
researchers as to the worth of the written and unuritten
word, or mass media and interpersonal channels, the vast
array of possible sources available to organisational decis-
ion makers (including designers) has been shouwn by many
authors. Few of the studies however, have examined all the
information sources and channels used by decision makers,
particularly material decision makers, as Chapter 4.9 has

indicated.

7.2.717 THE EFFECTIVE INFORMATION SOURCES FOR MATERIAL DECISION

MAKERS

An examination of ten different information sources by 224
respondents in seven different industrial sectors was made.
This enabled a fairly accurate picture to be drawn of which
sources were effective for keeping material decision makers
up-to-date with material developments. The results of
such a study are important to the material producer for the
simple reason that it helps him decide which information
sources should be used to promote his materials. A cri-
terion for assessing which ones should be used could be:
(a) Those which the potential user regards as most

effective

(b) Those which are used by the majority of potential

UsSerse.
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Table 7.7 shows how 224 respondents réted the various .sources

according to their industrial sector. An attempt was nade

to rank the sources in order of effectiveness, To do this

the mean and standard deviation for each source in each indus-

trial sector was calculated:

_ =fx

Mean x = f >

and Variance = (Standard deviation 05))2==Eﬁ%} - (%)?

where f-=-No. of respondents who found an information
source: very effective; effective; not
effective or did not use.

x = welghting factor applied to effectiveness

level i.e. very effective = 3; effective = 2;
not effective = 1; do not use = 0.

The overall result for the 224 respondents is illustrated in
figure 7.1 and for the individual sectors plus the Dunlop
organisation in figure 7.2. Interpretation of such a pic-
ture for the criterion mentioned above is as follows:
(a) sources regarded as most effective have a high
mean value
(b) sources used by most potential users have a lou

standard deviation.

However, the majority of information sources fell in a fairly
"close cluster and it was only the journals that stood out
significantly as being most effective. This makes absolute
classification of the intermediate order impossible, but it

is suggested that the overall ranking is as follows:




Table 7.1

hous ef i i 3 5
sho effectiveness of various information sources for keeping up to ‘date

Key : VE = very effective

with materia) developments.

£ = effective

NE = not effective DU

don't use

Industrial Segment VE E NE Dy ;ggogmat- £ Np py Informat-
ource ion Source
Aerospace 6 17 2 0 7 11 =
1) General Engineering 12 16 7 0 24 o1 )
2) General Engineering 5 17 0 0 5 g <
Material Producer 7 18 0 0 Journals 13 6 6 Tele-
Nuclear & Power Industries 3 13 1 0 7 6 3 vision
Road Transport 12 2 0 0 20 13 c
Ressarch Establishments 6 14 0 0 12 4 5
Small Marine 3 9 0 1 9 3 1
Other 4 10 0 0 6 5 3
TOTAL 59 160 4 1 106 78 35
Aerospace 0 7 12 6 5 17 3 0
Ceneral Engineering 0 20 21 8 6 134 6 3
General Engineering 0 5 11 6 7 10 5 0
Material Producer 0 9 10 6 Neuspapers 6 13 3 3 Company
Nuclear & Power Industries 0 5 11 1 0 11 5 1 fepresen-
Road Transport 0 15 14 10 5 19 4 1
Research Establishments 0 12 6 2 0 14 4 2
Small Marine 0 0 10 3 1 8 0 4
Other 0 3 7 4 2 9 1 2
TOTAL 0 76 102 46 42 135 31 16
Aerospace 117 3 4 0 6 10 9
General Engineering 3 18 12 16 2 4 18 25
General Engineering 0 10 7 5 0 6 7 9
Material Producer 2 13 4 6 Confer- 2 10 3 10 Patents
Nuclear & Power Industries 4 8 2 3 ences 0 1 6 10
Road Transport 5 12 11 11 1 15 8 15
Research Establishments 3 1 4 2 1 8 8 3
Small Marine 3 1 1 8 0 0 6 7
Other 2 6 2 4 0 2 5 7
TOTAL 23 96 46 59 6 52 71 95
Aerospace 0 18 4 3 2 15 6 2
General Engineering 6 28 9 6 2 23 15 9
General Engineering 3 14 4 1 1 9 9 4
Material Producer 2 17 5 1 Exﬁlblt- 6 7 1 11 ég;e;:al
i 303 lons 114 11 pany
Nuclear & Power Industries 3 8 Channel
9 7 7
Road Transport B 22 B 1 6 1 :
S
Research Establishments 2 8 7 2 1 8 .
4 3
Small Marine 1 10 1 1 0 : :
’ 3
Other 1 g 0 4 3
TOTAL 26 135 41 22 22 102 49 5
1 11 8 5
Aerospace 4 17 2 2 0 o 22 18
General Engineering 3 33 10 3 . . ;
. s 2 13 5 2
General Engineering . ol ] 3 10 11 Government
‘Material Producer 0 21 4 Informat-
ateria ro leagues 0 5 5 . :
Nuclear & Power Industries 4 13 0 0 ion
4 26 5 4 0 10 13 16 Service
Road Transport > 0 . ” g
. . 1
Research Establishments 5 12 2 . . .
; 0 10 2 1 0 .
Small Marine
1 2 3 B
3 6 2 3
Other 6 3 43 B7 91
1
TOTAL 25 151 32
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intermediate order
newspapers
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government information services

On examination of this overall result together with the

results for the individual sectors, the following salient

points are revealed:

Journals were regarded as the most effective medium in
each industrial sector except for the muclear and pouer
industries. In that sector colleagues were regarded

slightly more effective than the journals.

The spoken word via company representatives or colleagues
was generally regarded as the next most effective source
except for the small marine industry. In that industry
colleagues were ranked third and company representatives

fifth.

Internal company channels did not stand out as being of
great importance in any sector except for the nuclear
and power industries and aerospace industries where it
was ranked third and fourth respectively. The Dunlop
organisation also ranked the internal company channel
third. Such industries are mainly comprised of a feuw

large organisations and as such the majority of people
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interested in the subject will work in one of the compo-

nent firms. Internal company channels therefore have a

large audience and are generally written by the people

for the people.

- Neither patents or government information services were
ranked as effective. In most cases they filled the last
tuo places in the ranking except for the aerospace indus-
try who ranked government information services seventh
and the material producers and research establishment who
ranked patents eighth. The Dunlop organisation on the
other hand ranked patents fourth, which probably indicates
there is a good, central patents department working effec-

tively.

- Conferences were only given a high priority by research
establishments, and the nuclear and pouwer industries =

third and fourth respectively in the ranking.

- Exhibitions were only given a high priority by the small

marine industry - second, and the general engineering and
road transport industries - third.
One must conclude from this that the uritten word - in the

form of journals, not newspapers = Was the most effective
information source for keeping material decision makers up-
to-date with material developments, particularly as com-

pany representatives and colleagues uere generally regarded

as the next most important source. They after all are

open to the influence of journals just as much as the mate-

1
rial decision maker. It had been thought that the 'old boy
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netuork would play a particularly important role in.such

an information transfer, This supposition had been sup-

ported before the survey 'decisions on materials' when the

author had been building Up a list of contacts to whom the

survey should be sent. It was freguently found that one

MDM was able to name his opposite number in many organisa-

tions within the same industry. Ubviously there are some

businesses where such a network plays a part, and the two
comments from a major chemical manufacturer and a small
boat builder serve to indicate that the old boy network

continues to function:

- "My function is to run a Group, part of whose (brief) is
to maintain awareness of developments in materials and
introduce them into chemical plant service. WUe use a
variety of means for doing this, including conferences,
journals of all types and personal contacts with our

opposite numbers and technical (but not sales) staff in

suppliers. Our approach is effective but our experience

makes me sorry for smaller organisations which cannot
plug into ‘the old, boy net which is the main productive

source we use’.

-~ "Conferences and Seminars are more effective than Repre-

. ° n
sentatives because higher powered personnel are available.

However such comments do run against the general trend of
these results, and one must conclude that the old boy net-

work is not as important for keeping MDM's up-to-date with

material developments as had been thought.
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The results guoted above are in agreement with other studies

(shears, and Gibbons angd Johnston) and adds weight in par-

ticuler to Gibbons and Johnston's findings. They investi-

gated the information types that were used to resolve tech-

nical problems that arose during the process of a development

leading to innovation. Two of their findings concerned the

information inputs that describe (a) the existence or avail-

ability of materials or components with particular properties
and (b) the properties or composition of materials, equip-
ment, or components. They have been reproduced in table 7.2
and shouws that they noted the trade and technical litera-

ture to be important sources of information.

Such results though suggesting that journals were a good
medium for material producers to use to promote materials
gave no indication of which information channels within the
journal medium uvere best suited to the jobs. The next

section examines this problem.

7.2.2 THE EFFECTIVE INFORMATION CHANNELS

Several studies in fields other than material inngvation
have shown the worth of studying the reading habits of
technical managers and directers (Beattie and Reader, and
The Financial Times for instance). Both studies highligh-
ted the importance of the Financial Times and in the case
of Beattie and Reader it was at the expense of journals

which might otheruise have been regarded as more appropriate.

It was therefore proposed that this study should examine

Which information channels were regarded most highly for



Te

Information inputs describing the existence or availability of materials or

components with particular properties have the following characteristics :

i)

ii)

iii)

iv)

v)

vi)

they arise more from sources outside the campany;
’

they are available ar comprehensible to individuals within the

relevant industry;

they are diffused industry-wide;

those not within the horizon of the problem-solver are obtained
primarily by active search and experimentation, but sometimes by
seeking assistance;

they supply or directly assist in the splution of the problems

being worked onj

they originate outside the firm mainly in the trade literature; from
handbooks; and from business contacts such as sales representatives,
customers and supplier firms. They also arise from the problem=-
solver himself from his experience, education, and from reading

technical literature.

2. 1Information inputs describing the properties or composition of materials,

equipment, or components have the following characteristics :

i)

ii)

iii)

iv)

v)

vi)

they arise more from sources inside the companyj;
they are mostly available or comprehensible to individuals within the
relevant industry, though a considerable proportion require speciality

knowledge or training;

they are diffused half throughout the industry, half form part of the

company' knowledge;
those not within the horizon of the problem-solver are obtained

primarily by active search and experimentation, and sometimes by

seeking assistance;

they either provide or directly assist in the solution of problems

being worked on oOr stimulate action leading to the solution without

itself being incorporated.

they originate primarily from trade and scientific literature, from

analysis and experiment conducted in the company, and from the problsm=-

i i literature
solver's own experience and reading of trade liter .

TRABLE 7.2 Information inputs related ta ma

terials (source-Gibbons & Johnston)
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keeping the material decision makers in touch with (a) busi-
ness developments and (b) material developments.  The aim
was to see if there were major differences for tuwo such

tasks or whether there uwere common channels that could do

both jobs. The results (shoun in appendix E) were analysed

sector by sector.. It will be noticed that a common core
of twenty channels were examined for each sector but that
specialist journals were included for appropriate sectors.
Interpretations of these results using mean and standard
deviation tests (as on page 265) showed which channels were
effective for keeping the various sectors up-to-date with
both business and material developments. Table 7.3 ranks
the channels for each sector according to their mean and
standard deviation values. Table 7.4 combines the results

for each sector and presents an overall picture.

Discussion of Results

(a) Business Developments:

It will be noted that in every sector, except for the aero-
space and "Other"* industries, that the Financial Times uas
ranked in the top six - and that overall i.e. the combined
industrial sectors, the Financial Times was regarded as the

most effective information channel for keeping up-to-date

Wwith business developmentse. Of the top nine information

channels (i.e. above the mean value of x) ranked in the

overall table (i.e. 7.4), five were technical journals -

The Engineer, Engineering Materials and Design, Design Engi=-

. . : i ineering - three uwere
neering, Engineering, and Materials Eng g

* seé-pabe;18 for explanation of "other" category.
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Table 7.3 AERDSPACE
P Ema—— ———ee e
Business Developments

Material Developments

58M=  Tnfgrmation Sam-
v Information - :
ple h 1 x & |ple %
size channe size channel S
17 The Engineer 2°59 1+66| 25 Engineering Mate-
16 Aviation Week & rials & Design 292 129
Space Technology 213 1:99| 22 The Engineer 273 135
18 $h§ Dail% ). 00 25 Design Engineering 2-64 1+38
elegra - 175 .
.g g ) ) 21 Aviation UWeek &
18 Design Engineering 1-72 1:64 Space Technology 2°05 1-49
18 The Sunday Times 1:72 1+74| 25 Abstracts 192 2-02
18 Chartered Mecha- 22 Engineering 186 1-39
ical Engineer T+61 1.
nlc? ? =€ 1469 25 Chartered Mecha-
17 Engineering 1+59 1-66 nical Engineer 179 172
18 Engineering Mate- 25 Metallurgist &
rials & Design 156 142 Materials
18 BBC's Tomorrouw's Technologist 1+64 185
World 128 1+36| 21 Aircraft
Engineering 162 1-59
16 Aircraft
Engineering 113 1<41| 25 BBC's Tomorrou's
18 Metallurgist & World 1960 1-35
Materials 25 Plastics Engineer-
Technologist 106 143 ing 152 148
- 18 New Scientist 094 111 25 Material's
18 What's Neu in Engineering 152 1-69
Industrial Prod- 21 Aeronautical
ucts & Eguipment 089 1-08 Journal 140 140
18 The Financial 25 Composites 136 175
Times 0:89 1-681 75 Metals & Materials 1-20 171
16 Aeronautical . .
25 N S > . .
Journal 0.88 1-02 ew Scientist 104 134

25 What's New in

18 Plastics Industrial Prod-

Engineering 0-83 115 ucts & Equipment 0-84 114
18 The Times 078 127 25 The Daily
18 Material's Telegraph 0<80 1-04
Engineering 078 1351 25 The Financial ‘
18 The Guardian 0«72 132 Times 080 1-22
18 Metals & Materials 072 1°45| 25 The Sunday Times 0«76 120
18 C it 0«50 1<09| 25 Material's Sci- ,
ompostes ence & Engineering 052 1+26
18 Abstracts 050 124 . _ ‘ _
18 . 25 The Times 036 076
Material's Sci- , )
ence & Engineering 033 109 25 The Guardian 032 0-69
18 Nature 0«11 0<47| 25 Nature 0+-24 0-88

Recommended info. channels lie above mean line e




Table 7.3

GENERAL ENGINEERING 1

Business Developments

Sam-

Mate

rials Developments

Information - Sam- .
ple channel x O |ple Information X O
size size channel
40 The Financial 49 Desi ; ; . .
Times 2.48 1-98 eS%gn Engineering 294 1+19
. 49 Engineering Mater-
40 Des}gn ) ials & Design 2-59 1-68
Engineering 215 1373
. 49 BBC's Tomorrou's
40 The Sunday Times 1+82 1.5 World 249 1-07
40 Engineering Mat- 49 Material's
erial & Design 170 1+6 Engineering 188 162
40 BBC's Tomorrow's 49 The Financial
World 165 117 Times 163 1-53
40 Daily Telegraph 1+42 1+58 49 Whatls New in Ind-
40 Material's ustrial Products
Fngineering 1420 142 & Equipment 135 153
40 The Times 1403 1+47 49 Metals & Materials 123 173
49 Chartered Mechan-
40 Whats New in ical Engineer 121 2+06
Industrial Prod- A
ucts & Equipment 0°90 116 49 The Sunday Times 104 125
40 Chartered Mech- 49 Plastics Engineer-
anical Engineer 078 1-22 ing 090 1+4
40 Metals and 49 Metallurgist and
Materials 0«78 1+3 Materials
i 0<9 .
40 Plastics Technologist D 1-58
Engineering 0<55 1-07 49 Material's Science
& i i 086 154
40 The Guardian 0+55 1+22 tngineering , )
49 Daily Telegraph 076 1-0
40 Metallurgist & Y arep
Materials 49 Abstracts (various) 0+¢51 1+26
Technologist 0-50 174 | 49 Neu Scientist 0-47 1415
40 Ma?erial's 49 The Times 033 0-68
Science and .
Engineering 0«48 110 49 Composites 0-31 0-81
40 Composites 0+40 0<66 49 The Guardian 0-31 0-81
40 Abstracts 49 Nature 0.10 0.5
(various) 0-40 0-83
40 New Scientist 023 0-26
40 Nature 0«00 0-00

Recommended channels

lie above mean

line RS
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Table 7.3 GENERAL ENGINEERING

Business Developments Materials Developments

Sam-

Information - Sam- . ;
nle X o) 1e nformation =
size channel 2ize channel X o
21 Design Engineer- 22 Engineering Mate-
ing 1495 175 rials & Design 2-55 1-68
21 Engineering Mat- 22 Design Engineering 2+41 1+65
erials & Design 1+90 1.73
16 The Emai 181 16 The Engineer 1«88 141
e Engineer . 180
_9 ‘ 22 BBC's Tomorrou's
217 The Financial World 173 142
Times 1-71 1-98 . .
16 Engineering 1«44 155
21 BBC's Tomorrow's , .
World 1.67 1.65| 22 Uhat‘s New in Ind-
_ . ustrial Products
16 Engineering 131 1+62 & Equipment 109 174
- 21 The Daily Tele~ 22 The Financial
graph 110 1+61 Times - 0+95 1-29
21 What's New in 24 Abstracts
Industrial Prod- (various) 092 186

ucts & Equipment 0+90 1-51 22 Metallurgist and

Materials
217 Chartered Mech- .
anical Engineer 086 142 Technologist 0-91 1-80
22 Metals and
23 ?32;?35:? 070 175 Materials 0-86 1-78
. 22 Plastics
217 The Sunday Times 0+67 115 Engineering 082 1-47
Y21 Material's
- . 22 The Sunday
Engineering 0«62 107 Times 064 1-00
21 Metals and
: 22 Chartered Mecha-
Materials 0-62 1-20 nical Engineer 064 122
21 Metal;urgist & 22 Material's
Materials Engineering 064 1-26
Technologist 057 112
. 22 The Daily
21 Plastics Telegraph 0«55 096
Engineering 052 1-03 .
22 New Scientist 0<41 D-96
21 Composites 0-33 0-97 . .
. . 22 Material's Science
21 New Scientist 0-29 0-78 and Engineering 032 084
21 The Guardian 0:29 0°80} 75 composites 0-27 0-94
21 The Times 0229 0°86| 55 The Guardian 018 0+66
217 Material's , 22 The Times 014 047
Science and . .
Engineeriﬂg 0.24 0162 22 Nature U 05 U 21
27 Nature 0«05 0<22

Recommended info. channels lie above mean line e



Tab

Business Developments

le 7.3

MATERIAL PRODUCERS

Materials Developments

Sam=- . Sam- &
ole I”ZE;:?ZEO” X o DTZ Information X S
size size channel

18 The Financial 25 Engineering mate-

Times 2272 196 rials & Design 2+20 1435

18 The Daily 25 BBC's Tomorrou's
Telegraph 200 1-68 World 216 137

8 The Engineer) 11 Engineerin 182 1-54
8 Engineering ) 1-63 151 ] ?
18 The Sund T - 25 Design Engineering 1+72 1+59
e Sunda imes . .
Yo 1721 25 What's New in

18 Abstracts (various) 1+35 1.98 Industrial Prod-

18 What's New in ucts & Equipment 168 1-73
Induszréal Prod- 25 Abstracts (various) 165 121
ucts uipment 1-28 1. .

e quip "1 1 The Engineer 1464 163

18 The Times 1228 12741 25 The Financisl

18 Engineering Mate- Times 160 1-+55
rials & Design 125 134 25 Metals and

18 Design Engineerim 1+22 148 Materials 136 170

18 BBC's Tomorrow's 25 Material's
World T¢11 123 Engineering 1224 149

25 Chartered Mechan-

18 Metals and X :

Materials 0:94 147 ical Engineer 120 1-63

18 Chartered Mecha- 25 The Daily

" nical Engineer 0«72 132 Telegraph 112 127

18 Plastics 25 Metallurgist &

Engineering 0«67 124 Materials
T logist 1«00 171
18 The Guardian 0+66 1-37 echnologis
. v 25 Material's Science

18 Material's & Engineering 0<84 1-40

Engineering 056 104
. . 25 The Sunday Times 0.72 102

18 Material's Sci=- . ) )
ence & Engineering 0+56 1+15| 25 New Scientist 068 1-25

18 New Scientist 039 0-92| 25 Plastics Engineer-

ing 0«52 133

18 Metallurgist &

Materials 25 The Times 044 0-77

Technologist 0-39 1-04) 25 The Cuardian 028 0-68
18 Nature 0-33 0-84 25 Composites 024 0-72
18 Composites 022 0°55 25 Nature 020 0-58
Recommended info. channels lie above mean line e



Table 7.3

Business Developments
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NUCLEAR SECTOR

Material Developments
Sam= . g -
Information - am .
ple x O |ple Information X
<ize channel size channel <
14 New Scientist 278 0-97} 17 Engineering Mate-
14 The Financial rials & Design 276 169
Times 271 189 17 Neuw Scientist 248 146
13 The Engineer 223 1-48| 16 Engineering 2438 1+54
14 The Sunday Times 214 1:95| 16 The Engineer 231 1+48
13 Engineering 208 1+38| 17 Material's
14 The Times 200 166 Engineering 224 1482
14 The Daily 17 BBC's Tomorrouw's
Telegraph 1479 1.72 World 2-06 1-56
14 Engineering mate- 17 Metals & Materials 2-00 180
rials & Design 171 1+38| 17 Chartered Mecha-
14 Chartered Mecha- " nical Engineer 200 1-97
nical Engineer 171 1+86| 17 Metallurgist &
. . . Materials
14 The Guardlén 164 1-69 Technologist 2400 200
14 Design £ngineering 1-57 1-55 17 Design Engineering 194 1-78
1 L
14 Sgclz Tomorrow's 1236 1739 17 Material's Sci-
r ence & Engineering 176 186
14 Material's 17 The Financial
Engineering 129 1-44 Times 159 137
14 Metals & Materials 1+14 129} 17 Abstracts 1«50 2-07
14 fMetallurgist & 17 Nature 0-82 1-38
Materials
Technologist 107 154 17 The Times 0«76 0-90
14 Material's Sci- 17 The Daily
ence & Erigineering 0+79 1+37 Telegraph 0«76 103
14 Abstracts 0«75 1+18| 17 The Sunday Times 0«65 079
13 Carbon 0«46 0-88| 17 The Guardian 065 0+93
13 A.W.R.E. Neus 031 0+75| 16 A.W.R.E. News 0<56 1-26
14 What's New in 16 Carbon 0«50 1-10
Industrial Prod- 17 What's New in
ucts & Equipment 029 0-73 Industrial Prod-
14 Composites 0<29 107 ucts & Equipment 047 107
14 Plastic 17 Composites 047 112
Engineering 021 0°58] 42 piastics
14 Nature D-14 0°36 Engineering 0-24 0-66
Recommended info. channels lie above mean line e



Tabl

g 7.3

ROAD TRANS

Business Developments Materlal Developments
Sam- . 5 s
Information - am
Informetl'v -
ple h x O ple on ,
size channel o128 channel - _Cj_
%34 The Financial
Times 256 227! 29 Design Engineering 287 1+61
21 The Engineer 238 1-91| 39 Engineering Mate-
34 Design Engineering 200 .49 rials & Design 2°82 =62
34 The Daily 25 Automotive
Telegraph 1494 1+77 Engineering 2-44 1-83
21 Automotive 39 BBC's Tomorrou's
Engineering 180 164 World 226 112
34 Enpgineering Mate- 25 The Engineer 208 1-78
rials & Oesign 179 147 39 Abstracts 205 1+17
34 BBC's Tomorrouw's 25 Engineering 180 1-78
L ° .
Jorld 162 123 79 Plastics
21 Engineering 152 178 Engineering 167 179
34 The Sunday Times 138 1-:66 5 SAE Journal 164 1-85
21 SAE Journal 116 157 39 Chartered Mecha-
24 The Times 1019 1467 nical Engineer 156 177
39 Material's
34 Chartered Mecha- s . .
ngcal fngineer 106 148 =ngineering 156 1-83
5o C 21 motor 105 2¢22 29 The Financial Times 138 1-572
2? Commercial mot <05 2-
34 Plasti 38 What's New in
astics :
; . Industrial Prod-
Engineering 0-97 1-51 ucts & Equipment 115 1-48
21 Automotive News  0:95 1+63) 39 metals & Materials 1¢15 173
34 Material's ist &
Engineering 0-82 131 39 Qetal;urgls
E aterials Tech-
34 Metals & Materials 0-59 1:08 nologist 110 =85
34 Metallurgist and 39 The Sunday Times 095 129
Materiils 056 1+14 25 Automotive Neus 092 1-63
Tech ist . *1
FEhno-0gLs 0-56 1+16 26%Cammercial Motor 092 1-84
34 Abstracts : ° .
stre 39 The Daily
34 What's Neuw in Telegraph 0«90 1-02
Industrial Prod- . .
ucts & Equipment 0-53 0-93 39 The Times 0«67 113
/ A . .02 39 Material's Science
=4 The buarcien peat & Engineering 056 1-31
272 Mot Tra t g«35 1-34 -
cc fotor fransear ” 0.7 26*Mgtor Transport 050 1=25
“4 Mew selentist vree 39 few Scientist D-46 1-02
Y I, 26 «7Q
24 LompDQOos1Ta2s G2 0 79 COfﬂDOSites 046 1«14
e ;.,w.;tereelvgrScL: 0-24 0-74| 39 The Guardian 026 0-64
ence & Encinzering U° :
4 et n.go g.38| 38 Mature 0-18 0-68
34 HNazture LeLs o
., N - , 25 Motor Trade
21 :ouar irsde 5.00 0-00 Z ecutive 0-12 0-60
Executive ’ -
Recommended info. channels lie above mean line
'others!

* M

entioned bg 1
Therefore 26 no

respondent

in original survey under

t 25 samples




- 283 -

Table 7.3 RESEARCH ESTABLISHMENTS AND INFORMATION SERVICES

Business Developments Material Developments
Sa3M=  Information - Sam-
p}e channel X T |ple Information - o
size size channel %
16 The Financial Times3<00 1+86| 20 Engineering Mate-
15 The Engineer 207 158 rials & Design 285 179
16 The Sunday Times 2.06 1+81 20 New Scientist 263 149
16 BBC's Tomorrou's 20 BBC's Tomorrow's
World 181 156 World 260 1-50
16 Engineering Mate- 19 The Engineer 226 166
rials & Design 175 1«57 20 The Financial Times 215 1+60
16 New Scientist 163 1+41| 20 Design Engineering 215 176
15 Engineering 1753 1417 | 20 Abstracts 205 2-09
16 The Daily 19 Engineering 184 174
Telegraph 1944 1+591 50 The Sunday Times  1+65 1+23
16 Design Ihgineering 1+38 1-36
20 Material‘'s
16 Material's Engineering 150 1-91
Engineering 125 153 20 Metallurgist & )
16 The Times 125 157 Materials )
. 1-50 1-93
16 Metall et & Technologist )
etal urgis 20 Metals & Materials)
Materials
Technologist 106 1-39| 20 Nature 140 167
16 Chartered Mecha- 20 Chartered Mecha-
nical Engineer 100 1-59 nical Engineer 110 1-59
16 The Guardian 088 1+50| 20 Material's Science
& Engineerin 1«05 167
16 Abstracts 0-85 1-18 - ”3 . Coe 1u1s
20 e Times . .
16 Metals & Materials 081 117 The Dail
20 e Daily
16 Nature 0-69 1-08 Telegraph 0+85 109
16 ?hgt'i NEY én 4 g 20 Composites 085 157
ndustria rod-
. 1-09 : . R
ucts & Equipment ) 0-56 20 The Guardian 065 118
16 Composites ) 20 What's New in
16 Material's Science Industrial Prod-
& Engineering Q44 0-96 ucts & Equipment 065 123
16 Plastics 20 Plagtics.
Engineering 0-38 0-88 Engineering 0-65 1-46

Recommended info. channels lie above mean line o
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Busniess Developments

Material Developments

Sam=- :

Information — Sam=,_ - i
p}e channel X S |ple Information = S
size size channel

10 Yachts & Yachting 2-30 1.64| 12 Yachts & Yachting 2°75 171
10 BBC's Tomorros's 13 BBC's Tomorrou's
World 170 142 World 269 1-03
10 Yachting Monthly 160 1:43| 12 Yachting Monthly 1+67 1-57
10 The Daily 13 Desi ; ;
gn Engineering 1+31 1+84
Telegraph 160 1-78
3 . 13 Plastics
10 The Sunday Times 1+50 1+72 Engineering 1-08 1-50
10 The Financial 13 New Scientist 092 1-26
Times 140 1-58 .
. . ’ 12 Dinghy Sailing)
10 Design Engineerimg 1-20 1-62| 12 International ) 0:92 1-31
10 Engineering Mat-) Dinghy
erials & Design ) 13 Engineering Mate-
10 lilhgt's Ne\iy én g 0-80 132 rials & Design 0+92 150
ndustria rod-
. 13 The Daily
ucts & Equipment ) Telegraph 0-77 0-93
10 Dinghy Sailing 0«70 1-06 13 The Engineer 069 1392
10 The Engineer 0<60 1-26| 13 What's New in
. Industrial Prod-
10 The Times ) :
10 International)  0+50 1-08 ucts & Equipment 034 1°05
Dinghy ) 13 The Sunday Times 0<46 0-78
10 Chartered Mechan-) 13 The Financial
ical Engineer ) Times 0-46 0-88
10 Engineering ) 030 0:95| 43 Chartered Mechan-
10 Plastics. ) ical Engineer 0+46 1+20
Engineering )
] 13 Engineering)
10 Comp051te§ ) 13 Material's 0+38 0+96
10 The Guardian ) 0-20 063 Engineering)
10 New Scientist) .
13 Composites 0«31 0-75
10 Abstracts ) . .
10 Material's 13 Metals & Materials 0+23 0-83
Engineering 13 The Times 0-08 0-28
10 Material's Sci- 5 13 Abst ¢ )
ence & Engineerin .00 0-00 stracts.
10 Metallurgist & )D o 13 The Ggar?lan ' )
Materials ) 13 Naterlal s Sci-~ )
. ence & Engineering) 0+00 0-00
Technologist ) . 211 Lt & )
10 Metals & Materials) 13 metzri‘;igls |
10 N e .
ature ) Technologist )
13 Nature )

Recommended info.

channel

s lie above mean 1ine commmmms
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Table 7.5 OTHER

s t—————.

Business Developments Material Developments

Sam-

Information — Sam- .
p;e channe 1 x S |ple Information ; ot
size size channel
9 The Engineer 2+11 1-76| 14 Design Engineering 3-43 0+94
11 Design Engineering 1-82 1.54| 14 Engineering Mate-
11 BBC's Tomorrou's rials & Design 250 151
World 173 135 11 The Engineer 245 113
11 Engineering Mate- 10 Engineering 220 162
rials & Design 173 1-56
' 14 BBC's Tomorrou's
11 What's New in World 207 127

Industrial Prod-

; 14 What's New i
ucts & Equipment 1455 1. in
AP 22 Industrial Prod-

11 Chartered'Mecha— ucts & Equipment 150 1+29

nical Engineer 1245 1-69 14 New Scientist 136 150
8 Engineering 138 1-60 14 Plastics
11 The Sunday Times 1¢36 136 Engineering 129 1-94
11 The Daily 14 Chartered Mecha-

Telegraph 127 1+56 nical Engineer 1721 1+53
" ??:eginan?ial 1.27 1-90| 4 Ihe Daily

Telegraph 1«07 114

117 The Guardian 118 140 14 The Financial
11 New Scientist 0-56 1-29 Times 1-00 1-47
11 Composites 0-55 1-21| 14 moteosarre % 0-79 1+37
11 Material's ) Engineering)

Engineering 14 The Sunday Times 071 1-07

117 Material's Sci- '
ence & Engineering) 0+45 1+04| 14 Metallurgist &

11 Metallurgist & ) Materials
Materials ) Technologist 071 1-54
Technologist ) 14 Metals & Materials 0-64 1-08
11 Metals & Materials) 14 The Guardian 046 0+97
11 Plastics ) 0+36 081 Moterislle Soi
Engineerin 14 Material's Sci-
i g ) ence & Engineering 043 1-16
117 The Times 0¢36 121
14 The Times 0«29 1-07
11 Nature 0«27 0-90 et ts)
14 stracts . .
117 Abstracts 0-00 0-00 14 Nature 0-21 080

Recommended Info. channels lie above mean 1ine o
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Table 7.3 DUNLQP
Business Developments Material Developments
5a8M=  Information Sam-
< Information -
ple h 1 x O |ple x
size channe size channel o
12 E@gineering.Mate— 14 Engineering Mate-
rials & Design 225 1+76 rials & Design 2«50 187
12 The Financial 14 BBC's Tomorrouw's
Times 2°10 1-67 World 221 119
12 Design Engineering 200 165 14 Besign Engineering 2:07 1-77
12 The Engineer 1482 1+83| 14 The Engineer 183 1-77
12 BBC's Tomorrouw's 14 Engineering )
World 1+75 1+48| 14 The Financial) 157 170
12 The Daily Times
Telegraph 175 186 | 16 Abstracts 1+56 216
12 Engineering 1+50 162 | 14 New Scientist 121 1+53
14 Abstracts 146 2-18 14 What's New in
12 The Sunday Times 1+25 160 Industrial Prod-
ucts & Equipment 107 1-54
12 The Guardian 1008 19621 44 The Sunday Times 0-93 1-21
12 New Scientist 1-00 1-28 14 Material's )
12 Material's Engineering ) 0-93 1-59
Engineering 092 138 | 14 Material's Science)
. & Engineering’ )
12 What's New in
Industrial Prod- 14 Composites 0«79 112
ucts & Egquipment 083 140 14 Nature 079 1+31
12 Chartered Mecha- 14 The Daily
nical Engineer 0«75 142 Telegraph 0«64 0-93
12 Material's Sci- 14 Plastics
ence & Engineering 067 123 Engineering 0«64 134
12 Plastigs 14 Chartered Mecha-
Engineering 0-58 1-38 nical Engineer 057 1-09
12 Composites 0-50 0-80 | 14 The Times 057 1-22
12 The Times 0-50 117 | 414 The Guardian 057 1-02
12 Nature 042 067 | 44 Metals & Materials 0:43 116
12 Metals & Materials 017 0+58 14 Metallurgist &
3 Materials
12 Metallurgist & .
0-29 1-07
Materials Technologist
Technologist 0-00 0-00
Recommended info. channels lie above mean line e
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Business Develaopment

Material Development
Sam= .
Information _— Sam- . =y
ple channel x O |ple Information x O
size size channel
182 lhiezlnanClal , 224 Engineering Mate-
1 20 2-04 rials & Design 256 1-61
111 The Engineer 2°14 165 224 Design Engineering 2-50 1+61
182 quineering.Mate— 224 BBC's Tomorrouw's
rials & Design 183 1-25 World 220 1-30
182 Design Engineering 1-78 1+51| 137 The Engineer 2+13 1-56
182 $hTeDi;lz 63 1ese 133 Engineering 175 153
e . .
grap . 224 Material's
182 The Sunday Times 1+57 1+.64 Engineering 143 169
182 BBC's Tomorrouw's 224 The Financial
World 156 132 Times 135 1489
109 Engineering 148 1<55| 224 Chartered Mecha-
182 Material's nical Engineer 129 162
Engineering 1°21 0521 924 Metals & Materials 1+18 1-70
182 Chartered Mecha- 224 WYhat's New in
- nical Engineer 102 1-47 Industrial Prod-
182 The Times 098 1-51 ucts & Equipment 110 1-46
182 What's New in 224 Metallurgist &
Industrial Prod- Materials
ucts & Equipment  0-B82 1-22 Technologist 1+10 1-74
0 A i 108 1+10
182 Metals & Materials 0-70 1-27| 230 Abstracts (various) 1-08 1.
. 224 Plastics
182 Metallurgist & Engineering 1-01 1451
Materials ]
Technologist 063 1-20| 224 New Scientist 097 141
182 Plastics 224 The Sunday Times 089 1-16
Engineering 0-60 1°10 594 The Daily
182 New Scientist 0-58 1-05 Telegraph 0-83 1-06
. H .
198 Abstracts (various) 0-51 1-27| 224 Material s Sci-
ence & Engineering 0«72 171
182 The Guardian 0-417 1-28 .
224 Composites 0«53 119
182 Material's Sci- . 046 0-83
ence & Engineering 0¢39 0-96| 224 The Times
182 Composites 0-33 0-88| 224 The Guardian 0-34 0-79
182 Nature 0«15 0<34| 224 Nature 031 0-90

Recommended info. channels

lie above

mean line e
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newspapers, and one a television programme. These fiué

technical journals figured prominently in keeping the material
decision maker in touch with business developments. Very
few of the industrial sectors studied appeared to rely on
specialist journals for keeping them in touch with business
developments. The only exceptions were the aerospace and
small marine industries who used Aviation Week and Space
Technology, Yachts and Yachting and Yachting Monthly respec-
tively. The nuclear and power industries and research
establishments were the only tuwo sectors to rank the New
Scientist highly for this function - first and sixth respec-

tively - though it is doubtful whether the New Scientist could

be regarded as a specialist journal to those areas.

(b) Material Developments:

In every sector, except the small marine industry, Engineering
Materials and Design was ranked either first or second. Over-
all, Engineering Materials and Design was ranked first. The
New Scientist which was ranked second by the nuclear and power
industries and research establishments did not figure promi-
nently in any other sector. A largé number of abstracts,
tuenty four, were cited by the comparatively feu material
decision makers who used theme. Although they were ranked
quite highly by some sectors - aerospace (fFifth), material
producer (sixth), road transport (sixth), research estab-

lishments (seventh) - they were not regarded at all highly

by the small marine and "other" industriese. This tended to

bring their ranking down in the overall picture - though it

must be pointed out that there was no single abstract which




really stood out from the Other twenty three fherefore
- ® - 3

although they appear to be an important information channel

when considered under the general label of 'abstracts' it

would be difficult to recommend a8 particular example. Al-
though television was not regarded as an effective informat-
ion source for material information - see page 271 - the
BBC's Tomorrou's World programme was ranked third overall.

It is interesting to note that the results of the information
channel study are in agreement with the order for the infor-

mation sources, i.e,

Information Source Information Channel
1 Journals 7 Engineering Materials and Design
7 Television 2 Design Engineering
8 Newspapers 3 BBC's Tomorrow's World

7 The Financial Times

(Comparison of source ranking p.271 and channel table 7.4)

It will be noticed that the Financial Times was the only news-
paper to be ranked in the top eight information channels for
material developments. This is probably due to the fact that
it is the only neuspaper to carry a technical page. Many of
the journals that apparently specialise in news about materials
- Metallurgist and Materials Technologist, Plastics Engineering,
Materials Science and Engineering, Metals and Materials, and
Composites - were not rated at all highly by the material deci-~

sion makers in most of the industrial sectors studied.
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7.3 RECOMMENDED INFORMATION - CHANNELS

To recommend which information channels are the most effectiﬁe’
may at first glance appear to be easy. For example, the first

three 1n each sector could be recommended, or where there

appears to be a discontinuity in the mean (X) rating, those

above the discontinuity could be recommended. Such methods

however, were overruled in favour of a less fickle criterion.
The recommended information channels have been chosen by assu-
ming that all those above the average of the mean (X) level
are useful channels. A cut-off line has accordingly been
drawn across each column for tables 7.3 and 7.4. An easier
interpretation of this may be seen in figure 7.4 where a plot
of the mean value for business developments has been set
against the mean value for material developments, for the com-
bined sectors. The cut-off lines have been drawn at 1-07

Fér business developments and 1+23 for material developments

- see table 7.4. Thus, those channels to the right of the
abscissa cut-off are recommended for material developments,
and those above the ordinate cut-off are recommended for busi-
ness developments. It is interesting to éote that tuwo
straight lines can be drawn through the newspapers (line A-A)
and journals (line B-B). All the neuspapers have a displace-

ment from line B-B indicating a bias toward business activity,

as would be expected.

Such a recommendation, particularly for material producers
wishing to promote materials does however ignore the cover-
ége that these channels actually give to materials. A

study of ten selected channels weas made to investigate the
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coverage that they gave tg materials;

both structural and

non structural, i.e. oil, paints, foams and so forth.

Table 7.5 shous the result of sych a study over a six month
period. On the basis of the number of feature articles on
structural materials per issue as the criterion for select-
ing information channels, then the follouwing should be used
in order of preference:-

Engineering Materials and Design

Design Engineering

Materials Engineering)
Metals and Materials ) ranked equal

Chartered Mechanical Engineer
Metallurgist and Materials Technologist
The Engineer

Engineering

New Scientist

BBC's Tomorrow's World

Engineering Materials and Design and Design Engineering thus
stand out as the two most prominent journals for promoting
materials, on the basis that they (i) are rated highly by
the material decision makers and (ii) they give the most

coverage to structural materials.

Such results broadly agree with the findings of other authors.
For example Turner, who studied the best format for design

information concluded that ninety five percent of designers

did not generally use data sheets, whereas design journals

ane

50% used some number or other). Shears,

were widely used (

) ) . . R
who studied the information requirements of deslgn engineer
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showed that on a month to month basis, journals were the most

freguently consulted information sources. As designers have

already been identified as the major material decision maker

(see page 239) it is perhaps not surprising that such results
should be in agreement. The conclusion by Rothuwell (1975) -
see Chapter 4.9.1 - that technologists, in this case material
decision makers, use secondary source literature (trade jour=-
nals, textbooks and so on) in their information habits has
also been vindicated. Hardly any of the MDM's regarded

Materials Science and Engineering - the only scientific type

journal - as being effective.

The overall result presented in this chepter either adds to or
detracts from the claims made by various information channels
concerning their effectiveness. For example The Engineer's
claim to be 'the best read publication - bar none' in the
engineering industries is very nearly true for the MDM's.

The Financial Times has claimed to be the best read publicat-
ion for businessmen over many years, most recently stated on
the 26th January, 1978, and this seems to be fully justified.
The same cannot be said, at least not according to the MDM's,
of New Scientist. During 1977 (e.g. 29 September) they were
suggesting that they reached all the decision makers in a
company. Perhaps this is so in the nuclear pouer engineering

industries, but not apparently for all industrial sectors for

business and material developments. The moral for all would-

be innovators must be to check the effectiveness of informat-
ion channels for themselves, before actually going into print

with information concerning the innovation.



7.4 CHAPTER REVIEW

The literature review of Chapter 4.9 showed the importance of

studying the effectiveness of various information sources and

channels, This study has shouwn that contrary to some think-
ing, the literature - in the form of Journals - is an impor-
tant information source for material decision makers. Indeed,

of the many information sources available to MDM's, it has

been shown that journals are not only the most effective source
but also the most widely used source for keeping the MDM's in
touch with material developments. Sources such as patents

and government information services have been showun to be
ineffective and not widely used. Such findings serve to back
up previous research which have suggested that mass media
channels are important at the awareness stage of the innovat-

ion process.

Although more than twenty information channels were investi-
gated for their effectiveness in keeping MDM's in touch with
(a) business developments and (b) material developments, only

seven have been identified as being capable of performing both

functions. Five of these were engineering journals, the
other two being a neuspaper - The Financial Times - and a
television programme - BBC's Tomorrow's World. 0f the seven

different industrial sectors studied, only two, aerospace and
small marine rely on specialist journals to their industry

for keeping them in touch with business developments. The

others apparently are quite happy with general journals.

. ] -
After studying the effectiveness - as viewed by the MDM's

and coverage given by various information channels to materi-
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als, two journals in particular stangd out: Engineering

Materials and Design and Design Engineering for keeping the

MDM's in touch with material developments.
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8.1 CHAPTER PREVICW

The adoption and diffusion process can be a lengthy part of
an innovation. It is recognised that the awareness or knou-
ledge phase is an important prelude to adoption, and the
familiarity of 224 material decision makers with various neu
materials is investigated. Familiarity with material deve-
lopments does not necessarily mean that adoption is rapid.
This negative relationship has been investigated for several

different industrial sectors.
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8.2 ADOPTION AND ITS PLACE IN THE INNOVATION PROCESS

Material producers have of necessity to involve themselves in,
and understand, the likely adoption pattern that their custo-
mers experience. As with many innovators, material producers
do not just adopt the innovation within their oun organisation,
they are in business to sell the innovation to others. To do
this they must understand the characteristics of the innovat-
ion which make it sell, know the likely innovators and early
adopters, and be aware of the time scale between awareness and
adoption. Although much of the literature covers this ground
(see Chapter 4.10) the picture generated by these works shous
a variety of industries, the consumer public included, taking
different times to adopt different types of innovation. How-
ever, there is no published work that helps identify the
early adopters of materials; and it was thought that the
adoption of new materials by a variety of organisations in
different industrial sectors would be different again from

the adopters of product innovations. For a material producer
who is introducing a new material, any sort of identification
of the innovating or early adopting sectors of industry is
useful, The following sections show the awareness that seven

different industrial sectors have of neu materials and the

likely period for adoption.

8.3 AWARENESS AND RATE OF ADOPTION FOR NEW MATERIALS

The replies to guestions six, seven and eight of the survey*

"Decisions on Materials" have given a better understanding of

(a) the level of awareness of neu materials and (b) the rate




of adoption that can be expected by various industrial sec-
torse. Before presenting and discussing the implication of

these results, it should be recognised that guestion six

ined a i : R Wy s - . . .
contained spurious material: Hi-sil", a high-strain sili-

con was the illegitimate material. It was included to try

and detect any "tick-happy" respondents who might otheruise

have influenced the overall result. Unfortunately, this

ploy backfired, inasmuch that the trade name "Hi-Sil" and

other similar names (hysil) have been used in the past - and
in some cases are still in use today - for material descrip-
tions. This necessitated a re-check with some of the mate-
rial decision-makers who were aware of Hi-sil in forms other
than a high-strain silicon to ensure the results wauld be as
accurate as possible. Hi-sil was subsequently removed from

analysis in the results.

8B.3.17 MATERIAL DECISION MAKERS AND THEIR AWARENESS OF NEW

MATERIALS

The 224 MDM's who replied to the survey were asked to indicate
their familiarity with fourteen materials, on the basis that
they: had used it, had investigated it for use, were familiar
with it, or were unfamiliar with it. Table 8.1 shows the
results tabulated for the individual industrial sectors and
also the overall total. By combining the responses under
the headings of use, have investigated for use, and familiar,

into the one category of familiar, it has been possible to

perform a:xz test.
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224 MDM's familiarity with various materials classified by

Industrial Sector
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Such a test shows which materials are significantly better
(or less) known than a chosen reference material, in this

case, carbon/carbon. This test uwas carried out on each set

of materials for the different industrial sectors. Table

8.2 shows the result of the K? test for the combined sectors

only. It effectively allous gz ranking to be formulated

showing which materials are better or less known than carbon/

carbon. For some there is no significant difference between
the respondents' awareness of carbon/carbon and material x.
Table 8.3 shows the ranking of awareness that the MDM's had
for each material compared with carbon/carbon. From this,
it can be seen that there is a band of materials that are not
significantly more (or less) familiar to the MDM's than the
control, carbon/carbon. Overall, this band includes boron
nitride, silicon nitride, superplastic alloys and tantalum,
although it does vary from sector to sector. Two materials,
titanium and carbon fibre reinforced plastic stand ocut as
being the only materials (from this list) that are signifi-
cantly more familiar to the MDM's than carbon/carbon. That
is not to say that these two have reached the hundred per
cent awareness level with the people who really matter, the
material decision-makers. There were more than twenty per
cent of the MDM's who were unfamiliar with either of these

materials. And although titanium and carbon fibre reinforced

1y

plastic were familiar to the majorityisectors, there were a
MDM's in individual sectors who were iess familiar with them.
For example, fifty four per cent of the small marine MDM's

were unfamiliar with titanium whilst forty four per cent of

the road transport MDM's were unfamiliar with carbon reinf-

Orced plastic. The other seven materials - cem-fil, kevlar,
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Table 8.3 Materials ranked according to familiarity (i.e.

familiar, have investigated for use and used,

have ‘been com-

bined under one heading - familiar) by the material decision-

makers in each industrial sector.

Antiphon MPM
Boron Nitride
Carbon/carbon
CFRP

Cem-fil

Kevlar

Lamina

Retimét
Samarium Cobalt

Silicon Nitride

Superplastic alloys

Tanatalum
Titanium

Vitreous metal

(w)]
c
or{ [
R Q
) 8]
I
-~ 0 3 c 0 o
o) H o o a c
C a a o E 1] o
o 4o =2 G o o
(U — @ R~ 0-,—{ - Z
0 H & Q w ) — “ _
5 ¢ 5 93 9o &® = & 3
o o © Jc Qo 0 £ e o
< G} = =Z - W x h o -
13 12 10% 12=" 13 7= 8= 14 12
4= 6% 5= 4 58X =X g= g% 5%
8% 3X s=X 7% 3% 9gX¥  3X 4% ¥
10% gX gX o g=X g=X 7=X 5% 1= g
6% 14 11% 10=% 10= 12=X 2= 7*¥ g
14 10= 12=" 14 14  12=" 8= 9= 13
9% 9* 7% 122X 10= 10 12=  9=" 10
11 13 14 10="10= 14  B= 12= 14
3 5% 4¢ 5% 4% =X =X 5=X 3X
4= 4% 3% g% e=X 5% =X 3% 4¥
72X 9% gX o= =" 6% 12= 5=X 7%
112 1 7% 1 R O
12 10= 12=% 8=" 9 11X q2= 9=% 11

Note:

between

= indicates that

x indicates

that there is no significant difference

the materials were ranked equally

that material and the control carbon/carbon.
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retimet, vitreous metal, antiphon—MPM, lamina and samarium

cobalt - were all significantly less familiar to the MDM's

than carbon/carbon.  Whilst some of these are not well

known generally to all of the industrial sectors there are

some that are well known to. particular sectors. Kevlar, for

instance, is familiar to sixty nine per cent of the small
marine MDM's, whereas overall, seventy one per cent of the
MDM's were unfamiliar with it. Tantalum and silicon nitride
are other examples of materials that are familiar to partic-
ular sectors, but not well knoun generally. Nearly ninety
per cent of the MDM's in the nuclear and pouer sector were
familiar with tantalum, and a similar figure (84%) of the
aerospace MDM's were familiar with silicon nitride. Some
materials, therefore, obviously have some properties which
make them peculiarly familiar to sectors:

Titanium familiar to 100% of MDM's in aerospace and

nuclear sectors

CFRP " " 100% " " " small marine sector
CFRP " mogpg Moo " aerospace sector
CFRP n " g "M " nuclear power sector
Tantalum 1 i 88% 1t " 1" 11 n n
Boron Nitride 1 i 82% 1 i n 1" n "
Boron Nitride " mogo% "M " aerospace sector
Kevlar " moe9g "M " small marine sector
Kevlar n mogg% ™M " aerospace sector

Such results show which materials are well-known throughout
the various sectors of industry but do not show which sectors
are more adept at keeping up~-to-date with material develop-
ments, Using the results of Table 8.1 a material mean

familiarity index has been calaculated for each sector.




Material Mean Familiarity Index

famili . . .
(MMFI) — amiliarity with each material

number of materials

Table 8.4 thus shows the overall familiarity that each sec-
tor had with the fourteen materials guoted. Only three

sectors, aerospace, research establishments and the nuclear
and power industries were familiar with more than fifty per

cent of the materials qguoted.

Table 8.4 Material Mean Familiarity Index for different
sectors of industry
MMFI
Aerospace S4+3%
Research Establishments 52.5%
Nuclear and Power Industries 50+4%
Road Transport 42+0%
Material Producers 373%
Other Industries 25+6%
General Engineering 31+6%
Small Marine 27 0%
Total 40+ 4%

On average it could be expected that MDM's from any of these
sectors would be familiar with just over 40 per cent of the neu
materials guoted. The results from the fourteen Dunlop MDM's
were extracted from the other 224 respondents so that a compa-
rison with the Ounlop organisation could be made. Table 8.5

shows their familiarity with the various materials. Their
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Boron Nitride

composite

plastic

forced concrete

Kevlar

faced steel

Samarium cobalt

Silicon Nitride

Tantalum

Titanium

Vitreous metal

Table 8.5 Familiarity of Dunlop MDM's with some néu‘matefials
Note: Material Mean Familiarity Index = 43+9%
' Have in- Un-
Material Use vestigated fFamiliar Familiar
for use
Antiphon MPM - a metal Y,
plastic/metal sanduich 14% 86%
1 1 4 8
7% 7% 29% 57%
Carbon/carbon - a carb
ab / on . 9 .
fibre reinforced b
carbon 21% 6 4% 14%
Carbon fibre reinforced 4 1 5 4
28% 7% 36% 28%
Cem=fil ~ glass rein- 4 10
29% 71%
3 6 S
21% 43% 36%
Lamina - bronze sur=- 1 13
7% 93%
. 3 4 6 1
Retimet - foam metal 21% 289 43% 7%
2( 12
14% 86%
1 5 8
7% 36% 57%
. 2 6 6
Superplastic alloys 14% 43% 43%
2 12
14% 86%
1 8 5
7% 57% 36%
1 1 12
7% 7% 86%




MMFL of 43¢9 per cent was slightly above the average, although

two of the materials guoted, carbon/carbon and retimet are

Dunlop products, which probably raised their MMFI.

8.3.2 THE ADOPTION RATE OF NEW MATERIALS

It might be thought that those sectors of industry that are
most familiar with material developments would also be the
ones to adopt new materials into their products or processes
most rapidly. Such a hypothesis has been investigated for

the various industrial sectors mentioned.

Each material decision-maker was asked to list those new
structural* materials that had been used in their products
or processes within the last ten years. A total of 234
materials were mentioned by 143 of the MDOM's. The remaining
eighty one MDM's claimed to have no knouwledge of any new
materials being introduced into their organisation over the
last ten years! Table 8.6 shows the breakdown of these
materials adopted over a time scale of twenty five years, by
the various industrial sectors. The overall pattern of
adoption is shown in figure 8.1 and appears to be similar

in most sectors (figure 8.2), inasmuch that relatively feu
materials (about 20%) are adopted within the first year of

+ . . .
the MDM's awareness of it . Two exceptioms to this, are in

*¥ Although interpretation of structural material was left to

the individual MDM's any material performing a structural
function was permitted, be it a shoe leather, hydraulic
hose, a bone prosthesis or building structural material,

the criterion being that it should be used in a load-bearing
application. A new material has been defined as being new
to a particular organication. As an example, it could be
that aluminium (the new material), hitherto unused by the
MDM's organisation, is used to replace copper.

The MDM's awareness to adoption time of a new material is

taken to mean the time from which he was aware that the mate-
rial was a candidate for his particular application, and not
just a general auareness of its existence.
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the small marine and general engineering sectors where seventy
one per cent and thirty six per cent respectively of new mate-
rials are adopted within the first year. In most cases it is
between years one and two that the largest percentage (31%) of
materials are adopted. Again, there are exceptions to this:
the aerospace sector adopted forty seven per cent of their new
materials after tuo to five years awareness of it, and simi-
larly forty two per cent and thirty six per cent were adopted
by the research establishments and road transport industry in
this period. Some sectors do appear to take longer than this
to adopt - twenty six per cent were not adopted in the aero-
space industry until five to ten years had elapsed of the MDM*® s
awareness of it, similarly tuenty seven per cent took the

same time in the material producing sector. Overall, though,
it would appear that if a new material is going to be adopted
by an organisation for its products, then the vast majority
(82%) will have been used within five years of the MDM's first

awareness of it.

Whilst the small marine and general engineering sectors appear
to be the two that can be expected to adopt new materials,
most rapidly, it should not be overlooked that thirty one per
cent and thrity nine per cent respectively of the MDM's in
those sectors had no knouwledge of any neu material introduc-
tion into their organisation over the last ten years. An-
other comparatively rapid adopter, the road transport industry
- eighty seven per cent of neu materials adopted by year five
- had a staggering forty six per cent of their MDM's who were
LUnaware of new material introductions. A similar figure,

forty five per cent, for the research establishment MDM's
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might be explained by the fact that they are not directly
associated with manufacturing products. However, a sector
that appears to adopt new materials more warily, the aero-
space industry, had only sixteen per cent of their MDM's

with no knowledge of new material introductions over the last
ten years. It had been expected that results in the nuclear
and power industries would follow a similar adoption pattern
to that of the aerospace sector, both being involved with
advanced technology products and having similar stringent
safety procedures to meet. That all new materials in the
nuclear and power industry should be in use after only five
years awareness by the MDM's seems gquite remarkable. The
discrepancy between those MDM's indicating a rapid adoption
of new materials and other MDM's being unaware of new mate-
rial introductions over the past ten years distinguishes
those organisations who are innovators and early adopters
from the late majority or laggards. And, although the small
marine and general engineering industries appear to adopt
materials most rapidly, material producers should be auare
that it is only about tuwo-thirds of the organisations in

those sectors that actually adopt at that fast rate.

The adoption habits of the Dunlop organisation have been dis-
tilled from the overall picture, and a plot of their adoption
rate is included in figure 8.Z2. Their rate of adoption
appears to be rather slower than the norm, and there were
twuenty eight per cent of the MDM's who had no knowledge of

new material introductions in the last ten years.
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Comparison of the adoption habits and material mean familiar-
ity index between the various industrial sectors presents

some interesting issues. It would appear that the advanced
technology industries adopt more slowly than the medium tech-
nology industries although they have a better awareness of
material developments. A pattern of some industrial sectors
adopting a material more rapidly than others is perhaps a
little misleading without actually examining the reasons
behind the adoption rate. Industries that are involved with
advanced technology products®*, such as aerospace and nuclear
and power industries have stringent gqguality control require-
ments to meet - for instance, materials to be used in civil
airliners have to meet the Civil Aviation Authority's reguire-
ments. Such procedures may tend to slow douwn the rate of
adoption of new materials, perhaps as indicated by the aero-
space adoption rate (figure 8.2). However, if the technology
is advancing rapidly enough, probably because of large invest-
ments in manpower and machinery the adoption is likely to be
that much faster. Dunlop themselves provide an example of
such a rapid adoption with carbon/carbon: it took just five
years (1969 to 1974) for Dunlop to investigate and develop
carbon/carbon brakes and have the first set flying on Concorde
(see Appendix A). Another example of such a rapid adoption
from the case histories is that of polyethylene submarine
cables (see Appendix B). The cables underwent trials with

the Telegraph Construction and Maintenance Company only six

% The definition of advanced technology products used in this
thesis is that stated by 0'Sullivan, i.e. advanced technol-
oqy products have: a high degree of technical complexity in
themselves: or are part of an overall complex system of tech-
nology action giving resulting product: or are part of a sys-
tem behaving in a complex manner to perform a new function.
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months after they became aware of polyethylene. ARs a
result of that successful trial, an order for 150 tons of
polyethylene was placed with ICI. The example of the

CEGB taking fifteen years before placing a firm order for
titanium condenser tubes at the West Thurrock power station
(Appendix D) should not be taken out of context here. The
CEGB had been using a copper based alloy tube for many
years and although it was not completely satisfactory they
at least knew its operating characteristics. Therefore,
before changing over to a new material they had to be

certain that the material they changed to had no hidden

problems. In their case "better the devil you know than
the one you don't'", Thus, project evaluation for neu
materials can vary from a fewu years to more than ten., Al-

though advanced technology industries may have long lead
times on projects, if the technology is being pushed forward
quickly, then the development with materials is also fast.
This has certainly been the case with the nuclear industry
over recent years, and goes a2 long way to explain the nuc-
lear and power industries rapid adoption of new materials,
for there have been huge investments in the nuclear programme

over recent years.

Conversely, in those industries manufacturing medium tech-
noloay products, the adoption rate is likely to be affected
by other factors. & few examples will illustrate the point.
For the small marine industry the adoption of neuw materials
may be related to whether racing or cruiging boats are being
built. 1f the ultimate performance is required and the

obiect is to win races at all costs, then neu, high perfor-
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mance materials are likely to be used, recent examples
being a spent uranium keel on 'Pen Duick VI' and a carbon

fibre mast on 'Heath's Condor', two of the boats in the

1977/78 Round-the-World race. Even the smaller racing

dinghies use advanced technology materials if the owner
believes it will make his boat go faster. Many owners of
small craft are not as competent as say industrial buyers
and will readily accept material failure of spars for
instance because they do not understand the implications

of stress raising holes in critical sections. In other
words, the private user is prepared to accept failure more
readily than his industrial counterpart. This means the
manufacturer in turn does not need to undertake such severe
development work or use such stringent gquality controls.
The multiplicity of users who are testing material innovat-
ions, in many cases by real trials on the craft itself,
helps to speed the adoption (or rejection) rate. For
owners of such craft the risk of failure is relatively lou
(compared with say industrial users) and there is the chance
of a big pay-off if the material innovation contributes to
winning races. Another reason for rapid adoption in this
area must be because there is no organisational inhibitor,
i.e. the owner of the craft can specify his requirements

with no recall on anyone else.

General enoineering was the other sector to adopt materials
rapidly and an example of such an adoption is given in
Appendix D. Hoover (Washing Machines) Limited investigated
titanium anode jigs to replace plastic coated aluminium

racks which required a major overhaul every six weeks. 1t



took Hoover Just one year from their initial awareness of

titanium to actually adopt sych Jigs. Some of the factors’
affecting medium technology industries ang their adoption
habits are therefore related to the end user and his needs
(and also technical Capability) and a2 general desire tg

reduce manufacturing costs. Ubviously some organisations

tor, and this has been reflected in the MDM's indication of

their adoption habits.

The hypothesis that high technology industries are more
familiar with material developments but slower adopters
than the medium technoloqy industries, may be regarded as
generally true but additional evidence must be gathered

for its complete vindication.

In fact this chapter has only scratched the surface of the
adoption habits of various industrial sectors. It has
shown the adoption times that can be expected but does not
explain fully the discrepancies that exist between the dif-
ferent sectors. Indeed future studies might do well to
investigate the hypothesis that the adoption rate of ney
materials is related to the advance of technology, and in
particular to the product user's ultimate aims and ob jec~
tives. For the material producer, it is the time from his
initial promotional activities to actual adoption by users
that is 211 important. [t may be that although the small
Marine and general engineering sectors adopt materials most
Fapidly once they know of the materials development, the
actual adoption time from the initial promotional activity

may be the same (or longer) than those sectors that are
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familiar with material developments, i.e. aerospace, research
establishments, nucléar and power industries. Whilst these
results distinguish the innovators from the laggards by ind-
ustrial sector it should not be forgotten that there will be

the same range of innovators to laggards within each and

every sector.

8.4 CHAPTER REVIEW

The familiarity of 224 material decision-makers with new
materials has been examimed, as has the likely adoption
times for new materials. From this it is recognised that
a considerable time delay may accrue between actual aware-

ness of an innovation and its adoption.

The study of the awareness and adoption rate that material
decision-makers have for materials has indicated the follow=-
ing results. By using a material mean familiarity index it
has been possible to show which sectors of industry have the
greatest awareness of material developments. Only the MDM's
in three sectors, aerospace, research establishments and the
nuclear and power industries were familiar with more than
fifty per cent of the materials cited. Of the fourteen
materials guoted, only two, titanium and carbon fibre rein-
forced plastic were significantly more familiar to all the
MDM's than the control material, carbon/carbon. However,
of the seventy seven per cent who were familiar with tita-
nium, and forty six per cent who were familiar with CFRP,
only twenty six per cent and thirteen per cent respectively

claimed to be using these new materials in their products/

PrOCESSES,
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The investigation into the adpption habits of the various
sectors for material innovations showed that the‘vastlﬁéj-

ority (82%) of new materials would be in use five years

after the MDM's awareness of it. There is however, a

variation in this figure from sector to sector. Although
224 MDM's were asked about the adoption of new materials
into their organisation, over one third claimed to have no
knowledge of a new material being introduced into their
organisation over the past ten years. Again, this figure
varied from sector to sector. A comparison of the MDM's
familiarity with new materials and the rate of adoption that
can be expected in various sectors has suggested there is
some evidence to support the hypothesis that: high tech-
nology industries are more familiar with material develop-
ments but slower adopters than the medium technology indus-

tries.
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9.1 CHAPTER PREVIEW

The effectiveness of various information sources and channels
used by material decision-makers was examined in Chapter 7.
This chapter revieuws the responses gained from actually test-
ing some information channels that carried information about

carbon/carbon.

9.2 TESTING SCME EFFECTIVE COMMUNICATION CHANNELS

The results from the research cited in the preceding four
chapters and in particular those results from Chapter 7 (on
information sources and channels) prompted a desire to test

the "effective" channels. Rather than accept the results
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as to which information channels were effective for keeping

MDM?'s up—tg-date with material developments, it was decided

to probe them further by publishing information about Dunlop's

carbon/carbon and to monitor all subsequent enquiries.

It had been recognised that the time delay existing between
(a) awareness of a new material and its capabilities and

(8) actually adopting it into a product by the MDM's organi-
sation could be five years or more (see Chapter 8). A
further aim of the publicity given to carbon/carbon was to
shorten this time delay. Rogers and Shoemaker have stated
that the perceived characteristics of an innovatién, as seen
by the adopter play an important role in the adoption pro-
cess. One of the characteristics they put forward was that
trialability of an innovation affected the potential users
perception and hence his rate of adoption of an innovation,
although other authors have disputed this, see Chapter 4.10.3.
However, the vast majority of product ideas, particularly for
a material, arise outside the manufacturing organisation,

see Chapter 4.9.1. It was therefore decided that besides
actually publishing information about carbon/carbon, potential
users should also have the option of testing the material in
their own laboratories. Sample blocks of material and det-
ailed data, in the form of a brochure (see appendix F) were
prepared in readiness for enquiries. These sample blocks
were advertised separately to the feature articles. A price
of £15 per block was arbitrarily fixed (a) to discourage
indifferent respondents and (b) as a reasonable economic
orice for material made to the specification of Concorde

brakes. The blocks were houever cut from a brake disc that
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had been discarded after previous experimental tests had been

carried out.

9.2.1 THE JOURNALS CHOSEN FOR STUDY

The choice of the individual information channels to take
part in such a trial was decided after approaching eight of
a possible tuwenty channels (as indicated in Chapter 7).

The only proviso was that a selection should be chosen over
the effectiveness range as indicated in table 7.4, with the
restraint that only six pieces of literature were available
for publication. It had previously been decided that each
channel should carry a different article giving details of
‘various aspects of the research programme and its relation
to carbon/carbon. The eight channels approached were:
Chartered Mechanical Engineer, Design Engineering, The Engi-
neer, Engineefing, Engineering Materials and Design, The
Financial Times, Metallurgist and Materials Technologist and
New Scientist. Some were very keen to.take part (The Engineer
and CME) whilst other showed complete indifference (New
Scientist and The Financial Times). Six of the information
channels agreed to take part either by carrying an article,

an article and advertisement or an advertisement alone, see

table 9.1.

9.2.2 THE RESPONSE TO THE PUBLICITY

Before describing the results that the publicity has given carbon/

carbon a. note of caution shouhﬁbecounselled for the response to

Engineering. In the article ."Ten ways not to market a new -

' i abili-
material™ all the references to carbon/carbon and its cap
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Table 9.1 The information channels chosen and the

message
they carried.
Information Message Advert-
Channel Article isement
CME How shguld industry keep up-to-
date with material developments., Yes
Design Engineer No Yes
The Engineer This hot composite is just wait-

ing for the brakes to be taken off. No

Engineering 10 ways not to market a newmaterial. No

Engineering
Design

Metallurgist &
Materials Materials looking for markets. Yes
Technologist

Note: Appendix F carries copies of the articles and a

specimen advertisement.

ties were edited out. This meant that no mention to carbon/
carbon was made, and has effectively ruled out Engineering

for comparison with the other journals.

The response described below is for those enqguiries received
within twenty weeks of the journal's publication. A total

of 172 enquiries were made, mainly for further information

on carbon/carbon. S5ix of these respondents were not inter-

ested in carbon/carbon in particular but in the research

applicable to materials in general. Table 9.2 shouws the

breakdown of the enquiries per journal together with a rat-

ing according to the number of enguiries per circulee.

The circulation figure is that quoted by the Audit Bureau

of Circulations (ABC), though it should be recognised that




- 324 -

Table 2.2 Enquiries received from a variety of publicity
for carbon/carbon.
. % of ABC Nos of X
Journal Art- Ad- Reader DOirect Enqui- Circu- Sample Y
icle vert. Reply to ries lation Block 3
Card Auther Y Requ=- x10~
est
CME v Vv 33 4 22 44,412 3 0+83
Design 19
Enaineering v Vv B 10 22,215 - 0-77
The Engineer V/ - 68 2 41 37,728 1 1.86
Engineerinag V/ - - 1 - 17,574 - -
Engineering
Materizls & - V29 - 17 24,485 - 1:18
Design
Metallurgist
i materials VOV 17 1 10 9,840 - 1483

"Technologist

AT

many journals have 2 large hidden readership as companies
circulate journals to a number of empoloyees - see The Trade

Sress in 2ritain, Benn Publications, 1877.

1t is extremely difficult to compare the responses between
the journals because each carried information about carbon/
rarhon in different format. The two journals that carried
the advertisement alone account for only twenty seven per

cent of the snguiries, seventeen per cent from Engineering

Materials and Oesign and ten per cent from Oesign Engineering.

The order cof these responeses Was in aoreement with that

he fnoineer which carried an article alcne had forty one
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and Materials Technologist had a similar ratioy, 1-83 x 10”3

but only ten per cent of the enquiries., CME with the larg-

est ABC circulation (though possibly not the largest if

hidden circulation could be taken into account) had only

-3 - ‘
0-83 x 10 enquirlres per circulee but had three requests

for sample material. The Engineer was the only other jour-

nal from which a request for a sample arose. The reguests

for samples was disappointingly low and may be attributed

to two factors. First, it may be as Fliegal and Kivlin
suggest that small scale trials have little effect on the
adoption process (see Chapter 4.10.3). If this suggestion
is correct, then potential users would not be inclined to
investigate the properties of the material from a standard
shaped specimen.. There is however another possible expla-
nation for the low response to sample material, which had
not been foreseen before the trial. That is, that the price
of the blocks (£15) would probably be too high for individual
MDM's to consider purchasing the material themselves out of
curiosity; whilst the difficulty of raising a cheque for
such a purpose within the organisation may well be great.

If access to the petty cash for such a purchase is at all
difficult it is probable that the MOM would not bother.

An example of an MDM who did not have such a problem is pro=-
vided by a Dunlop competitor who also manufactures carbon/
carbon and who purchased a block of material. That chegue
was signed by the managing director of the organisation!

The rate of enquiry for each journal is shown in figure 9.1.

In all cases enguiries had ceased by week seventeen: l.e.

the number of weeks after the publication date and for some
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journals there was a five or six week delay before an enquiry

was received, e.g. Design Engineering, Engineering Materials

and Design and Metallurgist ang Materials Technologist.
This, to a large part must be the responsibility of the jour-

nals and their turn round time for the reader engquiry cards.

A breakdown of the areas of interest by the enguirers for

each journal is given in table 9.3, The Engineer appears

to have the greatest variety of readers and Design Engineering
the least. A total of fourteen overseas enquiries were
received for carbon/carbon, five of which came from Engineer-

ing Material and Design. The first overseas enquiry (from

Design Engineering) was received six weeks after the publi-
cation date. It can be seen from table 9.3 that requests
from general engineering industries predominated (about 30%)
for all journals except Engineering Materials and Design.
For that journal, the greatest number of enquiries came from
the aviation industries (17%). Other points to note are
that twenty seven per cent of enguiries from CME and twenty
two per cent from Metallurgist and Materials Technologist
were for universities or similar establishments. It was
only from Design Engineering that a reasonable percentage
(24%) of the enquiries came from chemical and material manu-
facturing concerns. No enguiries from nuclear or power
engineering establishments were received from the advertise-

ment placed with Design Engineering.

From the 164 initial enquiries on carbon/carbon, seven made
specific requests about the suitability of carbon/carbon for

particular products. These product enquiries came from a

variety of industries as indicated by table 9.4. Five of
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Table 9.4 Product enquiries for Carbon/carbon by industrial

sector and information source.

Type of Industry Numb@r.of Informaticon
Enquiries Source
Bearing 1 CME
Automative 2 The Engineer
Industrial Power
Tools ! Che
Chemicals 1 The Engineer
Medical Equipment 1 The Engineer
General 1 2

Engineering

these enguirers wished to substitute carbon/carbon for
another material in an existing product and two wanted to
investigate it for use in a new product. All these anqui-
ries came from two journals, The Engineer and CME. How-
ever, it will be noticed that one of the enquirers could
not identify the information channel he used to stimulate
his enquiry for carbon/carbon, albeit only a matter of days
after he had read about it! Gibbons and Robertson (1976)
have both suggested that the written word probably plays a
more important part in innmovation than 1is currently thought
(see Chapter 4.9.1). This example suggests that they are

probably right.

After an initial appraisal by the companies concerned, three

of these product ideas are being pursued, though in all cases

they are undergoing comparative studies with other materials.
Another company that bought a carbon/carbon sample decided

the material was not suitable for their application. How=-

ever, after discussion betuwee

n Dunlop and this potential user,
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it was suggested that another Dunlop material,

one of the

cermets, might be suitable, and the feasibility of this is

being examined. The other three potential users have fallen

by the wayside for a variety of reasons - one is developing

a product in competition with Dunlop, and therefore Dunlop

are not pursuing the product, the second wanted a material

that could be easily formed, resist a severe environment and

cost next to naught, and nothing has been heard of the third
since a price was quoted for some test blocks. Thus only
three product ideas, or less than tuwo per cent of the initial
enquiries received in the first twenty weeks of publicity

are being pursued. But at least those product ideas are
from potential users with a need for such a material, and as
such are more likely to succeed. It should be pointed out
that two of the ideas had not previously been thought of by
Ounlop. They thus provide an example of external ideas
being more prominent than internal for innovating organisat-

ions.

9.2.3. IMPLICATIONS FOR MATERIAL PRODUCERS

In conclusion under the current state of the media, feature
articles carry more pouwer than advertisements in terms of
generating enguiries but we have been unable to assess the
worth of advertisements alongside features or editorial com-
ment on the basis of this study. The recommendations for
effective journals as cited in Chapter 7 have not been dis-

proved.

For an innovative company that wishes to communicate its

innovation to attract potential users then ideally the source
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and receiver should be homophilous (similar in ‘certain attri-

butes, i.e. beliefs, values, education, etc.) for the com=

munication to be effective. Rogers and Shoemaker believe

that a major problem occurs in communicating innovations
because of the heterophilous (opposite of homophilous) nature

of source and receiver. At least if the common communicat-

ion channels can be identified, as this study has done for
material producers and the adopting MDM's, then the homophi-
lous innovating organisations should link more rapidly. The
only problem arises from the fact that the very nature of
innovation requires some degree of hei}ophily to be present

between innovator and adopter.

It was pointed out in Chapter 4.9 that the communication
industry has been expanding rapidly for over a century.
Although this study has identified the effective communi-
cation channels for material innovators there is no guaran-
tee that these findings will be just as valid in years to
come. Indeed another journal has only recently been intro-
duced, specialising in materials and promoting applications,
namely "Materials in Engineering Applications™. This was
introduced in the summer of 1978 by the Fulmer Research
Institute and will add yet another dimension to the already

vast array of material journals.

9.3 CHAPTER REVIEUW

Six different journals carried different information about
carbon/carbon in an attempt to justify the effectiveness
rating of the various information channels mentioned in

Chapter 7. The publicity gained from this exercise led
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to over 170 enquiries for further information about carbon/
carbon, and three firms are carrying out detailed ihvgéti—
gations of thevpossibility of using carbon/carbon in their
products. It has not been possible from this study to
either prove or disprove the recommendations that were made

in Chapter 7 regarding effective journals, and they therefore

remain as stated.
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10.17 CHAPTER PREVIEU

It will be recalled from Chapter 1 that many new materials
appear to be introduced to the world's market place in a
father disorganised fashion. This chapter suggests that
new material introductions can be undertaken in an organised
and systematic fashion. It proposes a flow chart that
material producers showld consider before and during the

marketing of new materials.

10.2 A FLOW CHART FOR MATERIAL PRODUCERS THAT ARE PLANNING

THE INTRODUCTION OF A NEU MATERIAL

It will be recalled from Chapter 3 that the aim of this re-

search had four functions, namely to:
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- 1ldentify suitable search operations which would Enaﬁle

new uses for new materials to be soughte.

-~ identify

those persons in industry responsible for

material selection decisions.

understand how organisations keep up;to—date with

material developments.

investigate the likely awareness to adoption period

that could be expected for new materials.

The result of the work has given a better understanding of
many of the problems associated with the above aims, and it
culminated in the initiation of an actual search operation
for a new material, as described in the previous chapter.
The experiences gained herein, have enabled a flow chart to
be proposed of some of the fundamental operations that a
producer of a new material will have to go through if he is
to develop suitable product outlets. This flow chart is

shown in figure 10.1.

Producers of new materials are not necessarily in the business
of manufacturing and selling such materials. For some
organisations the development of a new material has arisen

as part of their normal business development. Whether or

not the producer of such a material is in the business of
actually manufacturing and selling materials the guestion

that still has to be asked is, "{s there a positive, or a pos-
itive and projected need application for this neuw material?"
If a negative answer to this guestion is given, then it is
probably wise to cease developments with the material until

more favourable conditions (i.e. when there is a positive
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need) arise. Instances of success with initial applications

are minimal if there is not either a positive, or positive
and projected need application - see Chapter 5. .Assuming

a successful product was developed by the material producer
the next guestion likely to arise is whether or not he should
increase production of the material and sell it to the world.
The search operation, matching potential user with material
producer, is very complex. I% the material producer is not
in business to manufacture materials it might be wise to con-
sider licensing the technology to others whose business is
material manufacture, and letting them take the risk. They
after all have been in the position of matching potential
users and materials before. Whether the material producer
should license the technology or go ahead with a search
depends on the situation. The problems facing sither the
original material producer or the licensed material manu-
facturer will be much the same when trying to identify users.
It is generally accepted that at least two out of three
product ideas originate external to the innovating organi-
sation. This is the case for product innovations, but it is
likely that a far greater proportion (i.e. greater than the
60% suggested by Langrish et al.) of product ideas for a neu
material will be generated externally. This is because the
material manufacturer has first to stimulate the potential
users before potential products can be suggested. Material
manufacturers have only a limited awareness of the material's
capabilities. Although the search for product ideas for a
new material should be carried out both intra and extra-

orqanisationally it is obvious that the main search should be

to find new uses outside the organisation.
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The fact that a search has to be mounted external to the

organisation makes it more complex. For example, it is

unlikely at this stage that the potential users are aware of

the new material. Ideally the material manufacturer should

carry out a preliminary study of the industries to be app-
roached before launching out information in a haphazard
manner. There will be cases where the material manufacturer
is familiar with particular industries, but on the other hand
he may be trying to introduce a new material into an industry
of which he has no knowledge. In both instances, but par-
ticularly for the latter, there are some relevant questions
to be ansuered:- 1) Who are the people who take the decisions
about materials? (i.e. the decision-maker for which material
is to be used for a particular component or product),

2) What function do these people have in their organisation?
(can these people be identified within your own organisat-
ion?), 3) What means of communication should be used to

reach these people?, 4) Are there different sectors of
industry that adopt new materials more readily than others?
(how long will adoption take? are there sectors of industry
that do not adopt new materials unless certain specifications
are met?) Such guestions are seldom answered by material
manufacturers but if they were, the likelihood of communi-
cating effectively, rapidly and with the most likely adopters

would be greatly increased. The main content of this thesis

has gone a laong way to answering many of these questions (see

Chapters 6, 7 and 8).
Before communicating with the outside world of potential

Users can be contemplated the material manufacturer has to
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be certain of the unique properties that the material posses-

Ses- Joth intra and extra-organisational research establish=-

ments can be used to determine these properties. | In this

be drawn up, which will 90 some way to answering a potential

user's queries. A further advantage of giving such work to

outside organisations is that they can often act as a very

effective source, or link for neu product ideas.,

The material manufacturer can, with such a wealth of infor-
mation amassed begin the actual search operation. Selected
journals and neuspapers will probably have been chosen from
the mass media channels to communicate information about the
material development passiv