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ABSTRACT 

This Thesis is about behaviour, a special type of behaviour, 

*the adoption and diffusion of-new ideas and practices - "innovations"- 

in particular technological-innovations. Successive Governments 

and'the Media frequently point to historical cases where British 

inventive skills have failed to make subsequent commercial impact 

in the country of origin. What determines a successful invention 

and what affects the behaviour of organisations involved with its 

development and coimmercialisation? Answers to both these questions 

are sought through reference to research into the diffusion of 

innovations, both at a conceptual and operational level. 

In response to criticiams levelled at numerous studies(highlighted 

in the text), this Thesis holistically considers both the results 

and process research orientations on the grounds that the consideration 

of consequences or causes of behaviour in isolation tends to present 

only a part picture of innovatory behaviour, Evidence is later 

presented in the fieldwork to suggest that the causes of innovation 

decisions in turn can arise from the consequences of previous 

innovation decisions; the two research perspectives remain inextricably 

linked. 

Section 1 introduces the reader to the current tendencyq though 

gradualp for the merging of research methodologies used in diffusion 

studies. Evidence is provided to suggest that the failure on the 

part of the researcher to consider work other than that from his 

-own Particular academic discipline has weakened the development of 

a grand theory of diffusion andq in doing sog reduced the explanatory 



value of isolated empirical studies. I 

The subsequent Section reviews the literaturefor contributions 

-made by past researchers to the understanding of adoption and 

diffusion behaviour processes. A framework originally presented 

by Katz, an eminent sociologisto is used, namely: - 

An Innovation 

Which is Communicated 

Through certain Channels 

Over Time 

Among the Members of a Social System 

Each element, in turn, is critically evaluated in this Section. 

A case is made for a middle-course methodological approach 

between that of the grand theorist on the one hand and the raw 

empiricist on the other. A wide range of cross-disciplinary 

sources are cited in this examination, intended to provide a 

base for examining industrial innovation in Section 3- 

Section 3 extends the literature search into industrial systems, 

with particular emphasis upon those factors considered influential 

in the adoption and diffusion of technological innovation. 

Investigation is made into the definition of "industrial innovation" 

and how discernable types of innovation can affect the level of 

responsiveness to adoption in the industry. Factors seen to 

impinge upon adoption decisions and the subsequent diffusion process 

arise from bo th internal and external-to-the-organisation sources. 

Economic and nonw-economic variables are considered. Again sources 
not traditionally presented in diffusion studies are used. 



Section 4 (Volume II) is concerned with applying theoretical diffusion 

concepts to an an-going industrial-situation to examine both clauses 

and consequences of industrial innovatory behaviour. Two 

complement, ary field studies were conducted in the Pottery Kiln 

Industry - to suppliers, customers and kiln-builders themselves- 

from which a number of system-perceived major technoýogical 

innovations were identified and used in the subsequent investigation. 

A nomination approach was used as it was considered that what 

firms themselves considered to be technological innovations - 

watersheds in te'chnological progress - would assist in the explanation 

of subsequent adoption and diffusion decisions. A number of 

innovations were identifiedv spanning a time period 1800 - 1975. 

The innovations were then used to probe both causes and consequences 

of their adoption and diffusion; in-firm and environmental influences 

were identified, 

In the final Section, summary and conclusions are presented 1ýr 

relating the thoughts and findings of the literature Xeview-to the 

facts established through the empirical studies. Points are raised 

as to discrepancies and to remaining gaps in knowledge. 

The comprehensive Bibliography, citing over 450 references, 

emphasises the multi-disciplinary approach advocated by the critics 

of early research studies. 
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(i) 

INTRODUCTION 

The choice of topic area stems in part from the autho2s own 

practical experiences with Bristol Siddeley (later Rolls Royce 

Bristol Engine Division) a company at the forefront of technological 

innovationo but equally there are wider implications deriving from 

research into industrial diffusion processes. Criticism is 

frequently levelled at industry in the United Kingdom for being 

inventive but failing to reap the rewards from commercial exploitation. 

The theme of this Thesis is to identify and explain both the causes 

and consequences of technological decision making at intra and inter- 

firm levels. 

A 'middle range analysis' approach as advocated by Merton is favoured 

on the grounds that this approach seeks to identify and explain the 

epistemological links between"theory and operation rather than the 

untestable concept development of the grand theorist or the field studies 

of the raw empiricist unrelated to theory foundation; middle range 

analysis is seen as a research process where the theoretical basis is 

specific enough to be empirically testable and where the data derived 

can test theoretical hypotheses. 

The overall objective, to critically evaluate concepts applied to 

explaining the adoption and diffusion of industrial technological 

innovation is pursued over two volumes; the former critically examines 

literature sources, vhilst the latter reports literature and field 

studies centred around one particular industry concerned with the 

development and manufacture of kilns for the pottery industry. 

The concentration of the industry in one particular geographical 



(ii) 

location - thý Potteries, Stoke-on-Trent - lent itself to study, given 

the operational constraints of the author as a part-time researcher; 

however, it also allowed the researcher to identify and embrace wide 

ranging causes and consequences of innovatory behaviour infrequently 

featured in other research studies. 

The reader will find, as the text progressesp questions posedt the 

answers to which fall outside the scope of this particular Thesis. 

It is hoped that these questions and others raised by the reader 

himself will provide momentum for further research into an area seen 

as crucial for the future of the United Kingdom. 

I 
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SECTION 1 DIFFUSION R2.13EAPCH Tý&DIT1,1ý)l, 'IS 

Whilst considerable work has been carried out in the area of 

co-nmunications in genc-ralp and diffusion research in p-axticular, 

there appear to have been few'attempts at establishing a formal- 

ised rese4rch tradition; that is, where a series of studies on 

a similar topic arc seen to be influenced by preceding investiga- 

tions. Rogers, in his latest wo=h, concluaco "there has been a 

definite lack of diffusion of diffuzion resoaxch"(1.1). One 

effect of this academic parititioning, into diffusicn racca-r-oh 

traditions has been an inadequatc flow of rcs-c-a-ch =ong 

diffusion researchers. The result has often been unnecessary 

duplication, wiwanted replication and the cons. ýdarablra'difficulty 

of comparability of research findings. 

From the mid-1960's there appears to have been a gradua- brezk-. 

down occurring in the formerly impermeable boundaries bet-ween the 

diffusion rozearch traditidnsq even though the traditions continued 

to exist as distinct communities of scholars (1.2). 
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2 
Table 1.1 traces the intellectual ancestry of each of the seven major 

diffusion reseaxch traditions (1-4); the primary criterion for the 

delineation of these traditions has been the disciplinary affiliation 

of the researcher, modified somewhat by the-nature of the innovation 

studied., 

It is not the intention of this thesis to review the historical devel- 

opment of the major research traditions; cross-tradition citation 

will be used to highlight possible methodological links with tha 

diffusion/adoption process in marke-Ling in generals and industrial 

marketing in particular as the text progresses, 

As eaxly as 1903 Tarde was suggesting several ideas which later became 

refined and tested by researchers (1-5), yets by 1972, less than 5ýa' of 

all studies have been carried out in, the area of marketing and/or 

economics (1.6). 

Again, it was during the 1960's that interest in the interface between 

marketing and diffusion reseaxch seems to have developed in strength; 

primarily it seems through ma eting managers (and others) witnessing 

the appearance of large number of new consumer prod-acts9 and the re- 

sultant demise of a very high percentage of such 'innovations' (1-7)- 

Upon examinations it seems possible to identify two rather different 

research approaches to the study of diffusinn processes in marketing; 

those that emphasise "results" (ie consequences of action/behaviour) 

and those that emphasise the "diffusion process" (ie causes of action/ 

behaviour). While this is not an absolute dichoton7l an emphasis upon 

one or other approach is usually quite distinctive In a given piece 

of research (1.8). 

Results-oriented research tends to take an econometric approaclig 

examining. relationships between variables describing the firm, such 

as "size" (eg number/size of assets9 number of employees, sales 
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volume etc); "technical orie&. ationr (size of research budget, nimber 

of scientific personnel employed etc), "growtuh rate"t and variables 

describing the results of (usually successful) innovations Me 

imPlicit assumption of results-oriented recea=ch i3 that a firm's 

speed of adoption is related to the profitability of the innovation 

for that fJ: = - ie those firms that can profit mosts adopt first* 

"Frofit" is usually seen only in the light of financial rewards. 

Variables chosen for analysis are related to the ability of the firm 

to absorb the risk involved in the innovation,, and to profit from it. 

This approach generally conceives innovation as one in a series of 

steps which links science to use, rather on the lines of the 

following series (1.9): 

- scientific, knowledge 

- invention 

- developmeirl, 

- innovation 

diffusion or imitation 

Most economists have focussed on one or other of the following questions: 

1, What mathematical curve best fits the pattern of diffusion 

of an innovation? 

2, What are the factors predisposing a firm to be an early or the 

first adopter? (or converselyp what are the characteristics of the 

innovation which facilitate its adoption? ) 

3- Does evidence support the hypothesis that the fi=ts behaviour 

is consistent with profit motivation (1,10) This form of research 

does not introduce the consideration of bow the actions of the firm 

in a system might be influenced by (or# in turn, influence) othe-- 

members of the industry (system) or, by firms outside the industry 

(system) and vice versa. 

One might suggest that results-oriented studies are not really 
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studies of diffusion at all, but studies of adoption-decisions by 

individual firmse There is no explicit recognition that the industry 

constitutes a (social) system through which 'influence/information' 

flowsq either from one to another or, indirectlys through "change 

agents" who inform firms (individuals) of adoption decisions (1.11). 

Ptocess-oritnted research tends-to focus upon the relationships and 

influence-processes among firms in the market (ie within a system) 

In part this approach seeks to identify the characteristics of those 

firms that are consistently among the first to adopt new productsy on 

the assumption that they are the "opinion leaders"p vhose action3 are 

highly influential upon other firms, -Such studies start with an 

assumption that the irifluencers/deciders/buyers/users in a firm (or 

tithe firm") are watched byq and are influencial upon influencers/ 

deciders/buyers/users in other firmsq and vice versa, P-rocess 

oriented research emphasises the social-influence aspects of diffusion 

and tends to overlook economic criteria such as 'profitability' as 

determinants of the rate of diffusion. 

A similarjýyrecent diffusion research tradition is tcomnunicationt; 

which has arisen largely in the past twenty years in response to a 

need for applied social science research cn human (arid the 'body 

corporatet) com-zomnication problems. Howeverv a review of research 

literatue on word-of-mouth communication and opinion leadership 

reveals scant attention to industrial and institutional markets. 

For examplet Webster concludes from his study,.. "opinion leaderst 

if they exist at all, seem to be rare in industrial markets" (1-13)- 

In an eaxlier article. he suggests perhaps the reason is that 

researchers haven't really bothered to loolkS (1-14) 
..... 

"Patterns of influence within a given buying organisation and 

among the various companies in an industry make industrial markets 
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complex targets for marketing effort ..... it is therefore, *,, that 

marketing literature has few studies of influence processes in 

industrial markets". 

Howeverg Hayward in his study of the f1our milling industry, did con- 

sider that he had identified 'opinion leaders' to the point of 

establishiný*,, *Ilall of tho eight (leader-mil3ers) both visited other 

mills and were visited in their own plants by other millers" (1-15)- 

Whilstq suggeoting the existence of personal networksq he did not 

proceed to analysing the nature of this influence, and concluded 

with research shows that much work needs to be done with 

regard to sources of information, and on the role of opinion lead- 

ers" (1-15)- 

it is approp; riate at this stage to examine the role played by 

more limpersonalt sources of communication in the industrial market- 

Ing situation. Once again the inherent wealmess of past research 

irito "advertising effectiveness" seems to be the lack of cross- 

citation of. research-methodology and of research findings (1.16).... 

one is drawn to the recent research of McAleer, who suggests that 

industrial advertisers do not understand what inrluences their 

markets (1-17); that isq what function advertising plays in 

influencing the industrial adoption process. Like Webster, he 

concludes his study with,, *. "the question of whether or not the 

results are generalisable to other industrial buying situations is 

not presently answerable. It is hoped that research will give 

impetus to the study of other industrial markets" (1-17). 

An essential step in the dmlopment of any field of study is the 

successful utilisation of a rigorous thinking methodology in the 

theorising and applied research of that field, As has been already 

notedq there has been considerable efforts made during the past 

thirty years towards the advancement of knowledge about "diffusion" 
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and "adoption processes". One might suggestq however,, that although 

important and impressive steps towards a unified methodology have 

been recorded, the aCtual accomplishment in the research has not 

been consistent with the size of effort. The researcher requires 

a thinking methodology to evaluate the material he tries to build 

upon andq 
iqually importants he needs a thinking methodology -W gaide 

his own theoretical and applied research to ensure the greatest value 

for his efforts. Yet it is only recently that there has bem any 

significant widespread acknowledgement of the need for a zuch more 

careful scrutiny of the procedures or thinking methodologies used 

by marketing and behavioural scientists in their knowledge building 

and use of that knowledge (1.18). 

The multidisciplinary background of diffusion research has probably 

been the main contributory factor accounting for the failure ofa 

metatheoretical approach to formalising clarity in methodology. 

For progress to be made in a field of incrairy or for agiven 

problom area, a series of activities need be perfo=ed - Figure 1.1. 

- Deductive logic 

Concept formation Acquisition of 
and hypotheses meaningful data 

configuration 

specification 

Neasaxement 
Inductive 

& 
logic 

ly sis Ana 

Evaluation ofq and Organizing and 

I 

learning from analysinG data 

results. in relevant ways 

Interpretation 

Figure 1.1, Basic Research Activities 

Concept formation Acquisition of 
and hypotheses meaningful data 

configuration 

specification 

Evaluation ofq and Organizing and 
learning from analysinG data 

results. in relevant ways 
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The process of theorising involves both the construction of theories 

through concept development and hypothesis specification and,, J 

through a process of deductiony the application of theories in 

such a way that meaningful data can be acquired (1,19). Much in- 

exactitude in diffusion research stems from the misuze (or, perhaps 

misunderstLding) of the "concepts" employed (1.20). Concepts are 

of fundamental importance in science. "Scientific knowledge is 

entirely conceptual; it consists of systems of concepts interrelated 

in different ways" (1.21). Thus concepts are those items which refer 

to tI-B sabject Matter of science, Whereas concept formation is 

basic to theory formations good theory is also necessary lb r good 

concept foxmation (1,22), 

Theory application also involves careful measurementv both in the I 

sense of experimental design and choice of quantitative toolse 

Table 1.2 illustrates the various methods that have been used to 

gather data; what is immediately noticeable is that of the 1084 

-ifiable experi- studies qaotedi 227 (or 21%) of these have no ident 

mental designsf 

Given proper measurement, data interpretation follows. This involves 

the evaluation and learning from the results of the test. Failure 

of cross-citation has seriously weakened this fandamental step in 

theory building. 

The research process Iffien proceeds through inductive logic from the 

empirical plane to the theoretical plane. The inductive logic 

process involves the integration of the final evaluations of the 

test into the existing theoretical state* 

Againt until recently, there has been little concrete effort tD 

complete the fourth staip of this reseaxch process. Researchors 

seem to have gravitated away from a grand theory approach; what 

is missing in the intellectual exercises of the grand theorists in 
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a consistent system of interrelated propositions about 'diffusion 

behaviourty and how it changes, at a level of generalisation that 

facilitates testing ..... "the major shortcoming of grand thoorj is 

neither unintelligibility nor lack of content, but its grand level. " 

(1.23)- 

In contras; to this approach is*the work of the Iraw empiricistIp 

whol in the maing has been guilty of dealing only at the empirical 

level. givirij. 7, little attention to the generalisation of h is results 

beyond the particular respondents or social e-jstem under study* 

As Rogers points out "empirical investigation without theoretical 

basis becomes inevitably bogged down in irrelevant data while 

ignoring potentially fruitful objectives" (1&24) 

The move has been towards what has been termed I'middlo range analysis" 

(1,25); which, in essence relates to a research processp whose 

theoretical basis must be specific enough to be empirically test- 

ablep and where the data derived must test theoretical hypotheses. 

Brieflyq a-theoretical hypothesis is tested by means of an empirical 

hypothesis (or hypotheses) defined as the postulaUd relationship 

between two operational measures of concepts. An 'operation' is the 

empirical referent of a concept; whereas concepts exist only at the 

theoretical levelg operations exist only at the empirical level. 

The degree to which an operation is a valid measure of a concept is 

referred to as an Ilepistemic relationship", Figure 1.2 illustrates 

a possible theoretical and empirical hypothesis re3ationship.. *. 
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(concept) (Concept) 

heoretica. 1 INDUSTRIAL is positively related to ECONOMIC 
Hypothe-nis 

TI 

INNOVATIVMESS1 CRITERIA 

Theoretical 
-Level 

Elpistemic L-Mi 0 

Empirical Relationship Relationship 
Level 

Empirical FIRST DEVELOPERS is positively related to COMPANY 

Hypothesis OF 10i TYPES PROFITABILITY 
OF IaLN 

(Operation) Operation) 

Figure 1,2: Diagram of a Middle RanGe Analysis of 
Industrial Innovativeness and Economic Criteria. 

The problem which emerges for the industrial diffusion researcher 

(and possibly for all diffusion reseaxchers) has been the lack of 

clarity of concepts. For examplep misunderstandings as to what one 

might consider to be "industrial innovativeness" or "economic 

criteria" not only waaken theory building per se, but also preclude 

definite empi=ical testing'because of the vagueness of the epistemo- 

logical relationship between concept and operation (1,26). I-amt 

has been witnessed is a circular effect of illdefined concepts lead- 

ing to poor empirical work which has failed to redefine and improve 

the conceptsl (1.27) 

Conclusion: 

The status of diffusion research today appears impressive& 

I)uring the 1960's. the results of diffusion research have been 

incorporated into basic textbooks - in social psychology (Secord 

Backman 1964); communication (Katz 19649 Richardson 1969; 

advertising (Warneryd and Nowak 1967); marketing (Zaltman 1964v 
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Baker 1974) and consumer behaviour (Engel et al 1966, Chisnall 1973)- 

(1.28). Both practitioners (eg change agents) and theoreticians 

have come to regard the diffusion of innovations as a useful field 

of social science knowledge. Larsen describes diffusion research 

as "perhaps the most viable area in current communications research 

is the study of the diffusion of now ideasq productsq and practices. 

Diffusion studies are extensions of traditional research on mass media 

'campaigns' that proceed from a more sophisticated frame of refer- 

ence than does this earlier work (1,29) 

Yet this study turns to an article by C, W, King for a conclusion to 

this Chapter eeo, "the application of diffusion theory in industriall 

product acceptance is an unexplored field (1.30). The groi-Ah of 

diffusion research has not been reflected in industrial diffusion 

studies; info=ation remains inconclusive to the extent to which. 

Innovation-generating information is sought-; its nature; ho-d it is 

collected* diseemina-ted and implemented and why it should be so; 

and the extent, if any, of inter-firm imitation.. **. The remaining 

Sections of This Thesis are intended, in some -way, to correct the 

imbalance which still existsq as diffusion research traditions 

continue to merge towards one unified theory. 

SMTIOIT NOTES: 

1.1 Rogers E& Shoemaker F: "Communication of Innovations" 
Colliere XacZlillan 1971 P-45-- 

1.2 One can only speculate about the specific techniques that were 
instrumental in causing greater interdisciplinary awareness of the 
diffusion field. Among the more important are probably the 
availability of courses in diffusion at various (US) universitiesp 
the appearance of general multi-disciplinary textbooks on the subject 
(eg Rogers E: "Diffusion of Innovations" 1962)9 and the activities 
of such scholars as Katz E (Univ. of Chicago)q Schramm Wo (Stamford 
Univ)q Deutschmann P_ (iUchigan State Univ. )f all of whom promoted a 
more cosmopolite view of diffusion research to their. colleaguesq 
both in their writings. And more recently (in the UK) 11th Market- 
ing TImory Seminar: "Innovation in MarketiMll (Univ. of Strathclyde) 
MaY 1973- 
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1-3 The index of cross-tradition citations per publication is 
computed on the basis of the rese=ch traditions represented in the 
footnotes and bibliography of each empirical diffusion publication. 
Even though there is evidence of greater cross-tradition citing, 
especially in more recent yearsp the typical diffusion report cited 
only about two other traditions (from the seven main traditions) 
in the mid-1960's. 

1.4 Source: Rogers E& Shoemaker F: OP- Cit Ps- 50-51- 

1-5 Tarde G: "The Laws of Imitation" : Hott, Reinhartg Winston 1903-, 

1.6 Refer Table 1.2 P-3 

1-7 eg Martin E: "New -Products, New Profits" American Managmt, Assoc, 
1964 P-9- 

suggested only one idea cut Of every 540 results in a successful 
new product eg Comer JT : "Progress Reshapes Competition" 
t only 80% of approx. 6000 new consumer items introduced each year 
have a life expectancy of even one yeax. 
- no doubt this type of business research increased the awareness 
of product planners etc in the problems of new product (innovation) 
development etc. 

1,8 Fisher LV : "The Diffusion of Innovation :A Synthesis of Research 
Traditions" a paper presented to the 11th Marketing Theory Seminar 
Univ. Strathclyde May 1973 suggests three originating sources: 

1. Economists 
2. Behavioural Scientists 
3- A gp. of writers - "management theorists" 

- who tend to show little close commitment 
to any one of the primary dJsciplineso 

eg Carter & Williams; March & Simon. 

1; 9 This synopsis is consistent with Mansfield (1968); Jewkes et al 
958) & Schumpeter (1950) 

1.10 The whole question of approach and methodologies used is =eviewed 
in Section 2. p. 16 

1911 The best known examples of results-oriented research are 
Mansfield's studies of the rates of diffusion of innovations in the 
iron-and-steelg bituminous coalminingg petroleum refinJagg railroadsq 
and brewing. 
eg Mansfield E: "Innovation & Technical ghgMe in the Railroad 
Industry, " - Transportation Economicso National Bureau of Economic 
Reseaxch N, Y, 1965 p. 169-197- 

1*12 Such a question as "How does innovation become known within a 
firm and how is it accepted? " seems to have fallen to the behavioural 
scientist (usually the process-oriented researcher) for studyt 
although in general, they have not tackled it directlyg but mom 
through consideration of organisational change and development* 
This thesis returns to the question of organisational/system 
structure on p, 108 

103 Webster Jnr. FE : "Informal-Cormunication in Industrial 
Markets: J. Ekto Res -Vol. V11 VaY 1970) P-186-189- 
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1.14 Webster Jnr. FE : "On the ADDliCabilitV of Co-, mmnication Theojzy 
to Industrial Markets" j. k1kt. Res. Vol V (Nov l-96-8-7P. 426-428. 

1.15 Hayward G: "Diffusion of Innovation in the laour Millin 
Industry" , lk=opean J9 Flarketing Vol. 6* No--3 1972 P-195-202" 

1.16 This is often due to objectives of the study being defined 
primarily in operationa. L - management - terms, with no intended 
epistemoloacal links with theory-building. 

1-17 McAleer G 

1,18 Various authors focusing on one or another aspect of metatheo--y - 
"the science of science" - hawe directly or indirectly suggested 
that it would bo desirable to introduce metatheory to marketing, 
eg Nicosia F: "Consumer Decision Processes. M=ketizl, - and 
Advertising Implications". Pren"l-ice-Hall 1966 P. 18. 
Howard J& Sheth J. : "TheorY of Bayer Behaviour'. 1 Wiley 1969 p*2 
Pinson C. Angelma R& Roberts E: "An Evaluation of the General- 
TheoZy of Mark '. J. Marketing Vol 36 july 1972. 
Zaltman Gj Angelmar R& Pinson C: "Metatheory in Consumer 
Behaviour Reseaxch"o Proceedings of the 2nd Arziual Conference 
of the Association for Consumer Reseaxch. Illinois 1971. 
N. 6 
Broadly definedt metatheory is "the investigation, analysis and 
the description of: 

1. the technology of building theory 
2. the theory itselfj and 
3- the utilisaticn of theory - metatheory 

is not concerned with the context of scientific activityl but 
rather with the conceptual procedures of science" 
- Zattman et al : lUetatheory and Consumer Research% 
Holt. Rinehart., Winston* 1973 P-4-- 

1.19 One should note the importance of intersubjective testabilit-j 
as the criteria of definiteness and precision. The data should 
be collected in such a way as to constitute an empirical test 
that clearly allows for the possibility of the hypothesis beirg 
shown false and not simply unsupported. 

1*20 An examination of 'conceptual terms' follows in Chapter 2. 

1.21 Bange M: "Scientific Research I. The Search for Svstem" 
Berlin 1967- P-46. 

1.22 Kaplan refers to this as the "paradox of conceptualisatim It 
- Kaplan A: "The Conduct of Inquinr. Methodolop_v for Behavioural, 
Science". Intertext 1964 P-53- 

1-23 Etzioni & Etzioni 
-OP. 

Cit P-7 
1.24 Rogers & Mioemaker Op Cit p*88* 
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1.25 This idea is accredited to Merton K: Social Theory and Social 
Structure. Free Press 1957 P- 99 who asked for "theories of the 
middle range"-: that is, postulated relationships. which are testable 
but that deal with only a rather limitedg particulax type of 
behaviour* These middle range theories may eventually be consolid- 
ated into more abstract general conceptual schemes, 

1*26 This point is further developed in Section 2: eg the various 
interpretations of "innovativeness" are examined. 

1927 N. 6: Using middle range analysisq there can be the problem of 
. 
the rather a=bitary specification of concepts as 'dependent' and 
'independent' -a dependent variable is the dimension that is used 
to predict/explain throuCh its relationship with the independent 
variable. 
eg: In Pig= e 1.2 'industrial innovativeness' is the dependent 
variable and 'economic criteral the independent, but the reverse 
may also hold (eg in highly competitive market structures). 
The labelling of variables does not imply that they axe necessaxily 
consequences and antecedents in a time-order sequence* Often 
such categorisation is made on the basis of the p=pose of the 
research worker and may not necessarily correspond to the expected 
time-order in which the variables occur in the real world* 

1,28 For complete. list of booksy periodicals and papers used refer 
Bibliography po(XLii) 

12 Larsen 0: "Social Effects of Mass Cogmni cation" in Faris R 
(; dý : "Handbook of Modern Sociolo, -_711 Rand HeNally 1964 P-359 

1-30 King C-W-: "Adoption and Diffusion Research in Marketing. 
An Overview" in Haas ZI : "Science, Technolos7f and Narkmtin; z11, 
Proceedings of the Fall Conference of the American Marketing 
Association 1966 p. 665 - 684... It would be accurate to say 
that there has been, since King's article, an upsurge in interest 
though far less in the area accepted as "industrial marketing" 
More recent published works include: 
Baker M. J. 1q1arketir4-, 

_New 
Industrial Products,. " 1974 

Hayward G "Diffusion of Innovation in the I'lour Millina 
Industly"(1972) 
National Science Foundation (U. S. A. ) Successful Industria-1 
Innovations (1969) 
However, as will be reviewedp many of these mace recent studies still 
have methodological/epistemological problems. 
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SECTION 2 EXPLORING THE DIFFUSICIT 

AND"ADOPTION PROCESS* 

2-1 AN INTRODUCTION 

"Diffusion research is emerging as a singles 

integrated body of concepts and generalisation3g even though the 

investigations are conducted by researchers in several scientific 

disciplines" (2.1). In this Section the reader is presented with 

an cutline of these 'concepts and generalisations'; the implications 

of which being that a unification of theory is still a considerable 

distance away (2,2) 

2-2 SOCIAL CHILNG'P, 

A theme which is developed throughout this thesis 

is that comimnication is essential for social char. Ge (2-3). The 

process of social change has been suggested as three sequential 

steps (2-4): - 

1, Invention new ideasl created or developed 

2, Diffusion new ideas are communicated to social 

system members 

3- Consequences the changes which occur urithin a 

system as a result of adoption, 

rejection of the invention. 

This model can be extended to encompass a stage which occurs aftar 

invention and before diffusiong and also to incl-tEde possible con- 

sequences of the social change. Figure 2-1 illustrates 



IIW=ON/IIUIOVATION DEVEWPIIUNT 

MIFUSION 

I 

INTEGRATION REINTERPILSWATION 

DISCO'NMNUANCE. DECLINEE OF INNOVATION 

Pigure 2.1 SOCIAL CHAM. E. DIFFUSION Oll INNOVATION 

Brieflyv the stages outlined in Figure 2.1 not already discussed are: - 

4-InvationLIrziovation-Develo, oment - patting the idea into a 

form, where necessaryg that meets the needs of the 

intended members of the system, especially where the 

invention arises from outside the particu3ar system; 

ie it has to be adapted to the pa=ticular-system's needs. 

Consequences: 
-IDteRTation - proceso by which the now idea/ 

innovation is incorporated into the continuing operations 

and way of life of system members. 

6 Consequences: Reinterpretation - which occurs when the 

. receivers use an innovation for different purposes from 

which it was initially designed or indeed diffused to 

them. This is less likely in industrial systems due to 

the specialisedp non-divisible nature of the innovation. 

Discontinuance. Decline of Innovation - viewing the process 

of social change as 'dynamic' then new ideas will 

eventually uupplant the old. 

2-3 DEFINIM SOCTAL CHANGE 

Social change has been defined as "the process by 

which a-Iteration occurs in the structure and function of a social 
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system" (2-5)- Social function (statlas end role) and social 

structure am closely linked and reciprocally affect each other; in 

the process of social change, as om is altered. so is the other. 

Viaw-Ing social c1hange from its source of changep Rogers & Shoemaker 

proposed four categories (2.6). Figure 2.2 illustrates 

OFJGIN OF 
j: Vj 

ýý 
RECOGNITION 11011 

Cj 
0 EED F IUMD FOR 

CHANGE 

WITHIN 
SOCIAL 

SYSTIM 

OUTSIDE, 
SOCIAL 

SYSTal 

INTEML41 immanent Selective contact 
change change 

EXTEMUL TO induced directed contact 
THE SYSILM immanent change 

change 

IFIgure 2.2_: PAPAUMM OF TYP ES OF SOCIAL CHANGE 

Rogers is none too explicit whether new idea precipitates or follov-s 

the recognition of the need for change, but certainly empirical 

studies suggest that immanent change is probably effected with the 

least conflict within the system; legitimisation of a new idea which 

has evolved from the system, a product of prevailing system norms, 

seems more likely than when change is introduced from outside the 

system. 

A second perspective is provided by studying the natum of the 'unit' 

that adopts or =ejects the new idea/innovation; that is, by observ- 

ing the level at which chang-_ occurse One can take a micro-analytical 

approach, viewing change at the individual unit level and studying 

resultant chaanges in behaviour from adoption or rejection of innova- 

tions; the alternatiw is the macroanalytica-I approacht viewing change 

at the system level (2-7)- Nevertheless, change at these two levels is 

closely inte=elated, 
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2-4 COMTITICATION AND SOCIAL CHANGE 

All studies of social change must ultimately centre 

some attention upon the comminication networks operating within 

the system, All explanations of human behaviour stem,, in part, 

from an examination of how individuals acquire and modify ideas 

through communication with others. The learning process, the 

diffusion process and the change process all basically involve the 

communication of now ideas (2.8), 

Diffusion research is usually focused upon overt behaviour change 

(ie adoption/rejection of new processes/ideas) rathe= the-n just 

changes in knowledge or attitudes per se. One accepts that overt 

behaviour change (ee production of a new industrial product) will 

necessitate some fo= of change in the present state of knowledgo 

and (possibly) attitudes both before and after innovation implementa- 

tion,, This emphasis upon behaviour change is seen as important 

because several writers argue that knowledge chanGe and attitude- 

shift do n6t always lead directly and i=ediataly to overt 

behaviour change (2,9), 

: >ý_5 DIFFUSION RESEARCH AND SOCIAL CHAME 

'Diffusion' can be defined an the social process by 

which an innovation spreads through a social system over time. For 

the purposes of this thesis, five elements have been defined as 

parts of this process (2.10) 

Viz 

(a) An innovation 

(b) which is cormnunicated 

(c) throggh certain Channels 

(d) over Time 

(e) among the members of a Social System. 
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The remainder of this Section is devoted to an examimtion of these 

parts of the process.... 

2-6 AN 11MOVATION 

The studying of past research indicates a glaring 

failure of these researchers and theory-builders to standardise 

research nimenclature; an ommission, which often precludes direct 

comparison of findings between studies* Whilst there can be a danger 

in spending an inordinate amount of time on Iniceties of dofinition'. 

the torm "innovation" is so widely and loosely used that some explora, - 

tion of its varied interpretations is unavoidable, 

MansfIeld defined "innovation" as "an invention applied for the first 

time" (2.11). This tends to take a somewhat narrow view, because it 

would be impossible to consider its diffusion through a system if the 

innovation disappeared as soon as it was first tried! 

Rogers emphasised that "innovation" was a function of the individual's 

perception of the newness of the proposed innovation rather than the 

elapsed time since it first originated, 

Irmovation is '"an ideaq practice or object perceived as new by an 

individual" (2*12). An innovation might be known by an individual 

(or 'firms) for some time, but, until a favourable or unfavourable 

percept is formeds he has neither gone thmugh a process of adopting 

or rejecting it, The "newness" aspect of an innovation may be 

expressed in terms of knowledge, of attitudesq or regarding an overt 

decision to use it. It should be noted that there is more to know- 

ledge about an innovation than simply awareness of its existence; 

of importance for effective decision-making (to try, to adopt or 

reject) is the degree of knowledge about how properly to use the 

innovation. This point is highlighted in Carter and Williams' 

study of the development of the pott 'ery tunnel kiln; they found that 

"there was a forty year time lag between the first sucess of this 



21 

I. revolutionax7l method of firingt and the time when its, use became 

fairly general in industry" (2,13)- 

Knight refers to applications new to the organisation and to the 

environment (2.14)- 

This point is developed by Engel who suggests different types of 

innovation will have varying degrees of impact upon tIm members 

of a social system (ie Knight's environment). He proposed three 

'ideal types': - 

(a) A Continuous Innovation - this type possesses the 

least disruptive influence upon system behaviour; for example, a 

modification of an existing product. 

(b) A Dmamically Continuous Innovation - this type 

generally has a more disruptive influence, but does not alter 

established patterns of behaviour; for examplet a more -mried 

modification of an existing product. 

(c) A Discontinuous Innovation - this involve3 both the 

creation of a new concept and new patterns of behaviour (2,15)- 

Whilst Engel's work provides an interesting perspective of 

innovatory effects upon a systemq one cannot ignore the effects the 

system will have upon imovatory behaviour and the likelihood of the 

occ=ence of Engel's "ideal types". 

When looking at the naJ. -. t=e of a paxti6ular system it seems two "ideal 

types" are postulated -a 'traditional system' and a 'modern 

system' (2,16) - if one then combines these two perspectives six 

Possible alternatives (again ideal types) are derived - Figure 2-3 

illustrates. 
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SYSTEM Traditional 

IINNOVATION 

Coýtinuous Dynamically Discontinuous 
Continuous 

[ 

Modern 

I 

Figt=e 2-3 INNOVATION AND SYSTEM INTERFACE 

SIX IDEPJ., TYPES. 

From the figure these aro: - 

I, Modern - Continuous 

2. Modern - Dynamically Continuous 

3- Modern - Discontinuous 

4, Traditional - Continuous 

5, Traditional - Dynamically Continuous 

6, Traditional - Liscontinuous ' 

The implications from this model suggest that the irinovations which 

would meet the greatest 'system-resistancet (and thereby requiring 

the greatest incongruent attitude change and overt behavioux- change) 

would be the Traditional-Discontinuous; more so than a similar 

innovation introduced into a modern system, which, by definition 

is more "geared to change" (2.17). Also, the easiest form of 

innovation for a systcm to assimilate - the Continuous type - is 

still likely to meet greater resistance in a Traditional system, 

In turng one should note that the climate of a traditional system 

is such that the appearance (from within the system) of the mare 

advanced innovation-types is less likely anyway, 

Fisher (2.18) offers a wider definition of "innovation% He 

visualises it as a function of three variablesg so deriving a 

relative rather than absolute concept: 



(a) the newness of the innovational object or idea 
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(b) the newness of it -s fit to a specific applicational context 

(c) and the relative lack of knowledge of the adopting 

organisation (system unit). 

He also does not introduce innovation - to - system influences. 

2.6.1. CHARACTERISMCS 01' INNOVATIONS 

The speed at which an innovation will diffuse is seen 

to be a function of five variables* 

(a) Relative AdvantaP,, e - which is the degree to which an 

innovation is perceived as better than the idea it supercedes* 

This relative advantage is sometimes measured in economic terms 

(predominantly the approach taken by economists to argue as a cause 

of innovation)q social prestigel convenience or 'satisfaction'. 

What is needed in research methodology is the consideration of the 

system-unit's perception of this relative advantage rather than as 

sometimes is the case the researchers own perception which may not 

be congruent with the former. 

(b) CompatibiliýZ - which is the degree to which an innova- 

tion is perceived as being consistent with the existing values, 

past experiences and needs of the receivers. An innovation that is 

seen! as not compatible with the existing pattern of behaviour (viz. 

the Discontinuous Innovation) of the social system will, if adopted 

at all, take loniger to diffuse through the system. The adoption and 

diffusion of an incompatible innovation may require the prior 

adoption (and diffusion) of a new value systemg especially in tradi- 

tional social systems* 

(c) Complexity - which is the degree to which. an innovation 

is perceived as difficult to understand and use (2919). 

(d) TrialabilitZ - which is the degree to which an innovation 

may be experimented with on a limited basin (2,20). 
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(e) Observabilitý - which is the degree to which the results 

of an innovation are Ivisiblet to others; the easier it is for an 

individual to see the results of an innovationg the more likely he is 

to adopt. For industrial systems observability will tend to be the 

perceived relative advantage (and expressed in economic terms - pro- 

fitability)". A firm's successful implementation of a new idea can 

both actively and passIve17 force its competitors to likewise imitate, 

but little research has been carried out with regard to the influence 

of less 'tangible' criteria influencing the decision to imitate (2.21). 

2.6*2, CAUSES AND_CONSE9T_B. NCFS OF INNOVATION 

So far types of innovation and the speed at which they diffuse 

have been the main considerationg but attention now turns to probing 

why a system unit or indeed a system should be linnovatory' and what 

are the consequences of such innovatory behaviour. 

The consequences of innovatory behaviour at the system unit level 

shouldl in theory, be congruent with the projected reasons why the 

unit chose. (where 'choice' is the appropriate word) to adopt or reject 

the innovationg yet in practice this is not always so. 

This possible incongruency between purpose for innovation and con- 

sequent outcomes becomes in part a ftmetion of the complexity of the 

adoption process of the system unit - the problems of organisational/ 

industrial systems regarding goal-setting is outlined in Section 3 

(2.22). In terms of giving due attention to the consequences of 

innovatory behaviour Rogers comments "in spite of the importance of 

consequencesp they have received very little study by diffusion 

researchers ... (who) often assume that adoption of a given innovation 

will produce only beneficial results for its adopters" (2.23). 

Rogers has classified three types of consequences: - 
(a) Iýmctionai or Disfunctional - depending upon whether the 
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effects of an innovation in a social system are 'desirable' or lun- 

desirable'. Figure 2-4 illustrates 

MOVATION (eg a new kiln) 

CONSEQUENCBS 
(eg economic benefit) 

CONSEQ. UERCES 
(eg unemployment) 

Figt=e 2.4 FUNCTIONAL AND DISFUNCTIONAL, CONSE&MCES OP TIMOVATION 

(b) Direct or Indirect - depending upon whether the changes in 

a social system occur in immediate response to an innovation or as a 

result of tha direct consequences of that imiovation. Figure 2-5 

illustrates 

MOVATION 

XRECT CONSEQUEXES IIMIRECT CONSEGRENCES 

(modern outlook to (no pride in job due to 

reduction or skill production) 

element) 

Figure 2-5 DIRECT AND IlTDIRECT CONSEQUENCES OF IMNOVATION 

(c) nsnifest or Latent - depending upon whether tl-, o changes are 

recognised and intended (manifest) by the members of the social system 

or not. For examplep in figure 2-5 abovet modernisation would not 

have been intended to produce apathy amongst the workforoe (2.24)- 

To present this discussion Rogers has focused upon the intended 

and unintended consequences of innovatory behaviour, but what of the 

causes of such behaviour? 

Rogers proposed his paradigm of types of social change which sought to 

identify the origins of such innovatory behaviour (2.25) but this work 

did not fully indicate 'why' this behaviour so occ=edp what con- 
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straints there were upon it, and the product of any self-risk amlysis, 

Rao and others carried out a study to ex=-ine the motivational pattern 

of known innovators (2*26). They suggested motivation to be the 

#impeller of action at a specific point in t3inell basing their work 

upon the achievement motive concept as proposed by McClelland (2,27) - 

the achiev; ment motivee** is revealed in man's effort to reach a high 

level of excellence despite adversityg constitates one of the important 

motives identified by-the researchers carried out by experts in the - 

field (2.28). Their findingsl though somewhat restricted by their 

methodology and research designt do suggest a hierarchy of motives 

present in the innovator where economic and self-actualisd ion motives 

are seen as important dotexminants in innovat6ry behavictir. 

The problem of identifying the causes of innovatory behaviour is 

complicated by the various theoretical positions taken by the major 

behavioural schools of thought* The theoretical position taken has 

depended upon two explanatory variables,.. 

(a) the Timing and 

(b) the Position/Locus of the Causal Event relatives to 

the observed behaviour* Figure 2.6 illustrates 

TIMING OF CAUSAL EVENT 

LOCUS OF 
CAUSAL EVENT PRIOR TO FOLLOWING 

BEHAVIOUR 13 1AVIOUR 

Social Psychologies 
ZCTERNAL TO 

ORGANISM SR Theory 
(SYSTEM UNIT 

Psychoanalytic & Gestalt 

INTERNAL Qaasi-Freudian Theories 

Figure 2.6 AT; OUTLTNE OF THE MAJOR BEHAVIOUPAL SCHOOLS OP THOUGHT 
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In essencep the Caum of behaviour is viewed as: - 

preceding the event ("deterministic behaviour") 

or following the event 
ýIlgoal 

seeking") 

AND 

as a reaction to the environment 

or as -the result of somo internal state of the organism. 

A study of published research info=ation on diffusion research 

illustrates that identification of causes of innovatory behaviour 

has been a much neElected area, The writer has found no work 

which 1=1 in any detailed manners sought to relate behaviour during 

adoption and consequent diffusion with the general outline illustrat- 

ed in figure 2.6; for examples the treatment of the innovator as 

I'venturesome (2.29) provides a somewhat shallow psychographical 

picture of the reasons why an individual (or firm) should be prepared 

to undertake imovatory bohaviour at possibly great personal and 

social Ask (2-30). 

2-7 WHICH IS COMMUCATED 

A principle of human communication 13 that the 

transfer of new ideas (and com=nication generally) between source 

and receiver occur more frequently when they are alike, that is 

r, homophilious" (2-3l)- By "homophily" is meant the degree to 

which pairs of individuals who interact, are similar in certain 

attributes - for exampleg beliefs, values, educationg social 

status (2-32). Homans noted "the more nearly equal in social 

rank a number of men are, the more frequently they will interact 

with one another" (2-33) 

With regnxd to iLu-strial systems the presence and identification 

of homophily is more complex. There are two types of com = ication 

networks operating at both inter and infra form - namely the formal 



28 

and the informal commun=4ation networks. One often finds the 

presence of homophily more between individuals with similar 

(functional) interests between firms than between individua: Ls with- 

in the sane firm (2-34)- 

Rogers states "when source and receiver are identical no diffusion 

can occur* Therefore the very nature of diffusion demands that at 

least some degree of heterophily be present between source and 

receiver" (2-35- Research along similar lines does indicate that 

receivers often seek sources that are slightly morc technically 

competent. In terms of theory, the applicability of this approach 

hinges upon "some degree of heterophily" wid I'slightl,, more technic- 

ally competent". Figure 2-7 illustrates a proposal that communica- 

tion of an innovation will tend to become more difficalt (too 

technical) and so non-existent as the relative love-Is of comparative 

technical competence approach an heterophilic state (that is, the 

receiver is unable to comprehend what is being communicated neither 

at a formal nor informal level) and where a high level of system- 

heterophily is present (2-36). 

SYSTEK HETEROPEILY 

Arem whem 

TECHNICAL rMON. A. Lori TECHNICAL 
MOPHILY ROVIOPHILY 

flictc 

4 SYSTEM HCHOPHILY 

Figure 2.7 TECMCAL-SYST34; FO, '-", 'OPHILY - HETERWHILY 

AND INNOVATION-CG2=CATION 
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In seeking explanations of 'what is communicateW in industrial 

systems (albeit in all systems) there is a need for more than the 

identification of homophilyq it is necessary to understand the type 

and the nature of the communication. and the scurce and receiver of 

such communications. 

Even in a small9cohesive system where (technical) knowledge might 

be 'equally distributed (perhaps emitting from a central source 

outside the system - eg a Gove=ment Agency) there still remains the 

problem of ascertaining the nature of 'what-is-communicated'. An 

explanation can be proposed by understanding the process how messages 

are received and interpretedo FiGL=e 2.8 illustrates 

SOUIRCE OF IIESSAGE 

RECEIM] o (Selective) ATTMITION TO EMSAGE 

(Selective)PIMCEMON ALM 

INTERPRETATION OP MESSAGE 

I(Selective)RECALL OF NESSAGEI 

ACTION (leading to Adoption 

or Rejection) 

Figure 2.8 THE PROCESS OF 'WHAT IS C01YMMICATED1 

BETWEEN SOURCE AIM RECEIVEa 

The message must initially attract the attention of the (potential) 

receiverg the appeals from the source must, in some way, be 

'compatible$ with the lifestyle of receiver. The-receiver then 

interprets what is being communicated in the light of his own 

environment and past experiences (ie 'apperception') - for example, 

the 'relative advantage discussed on p*23as a motivator for 
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innovation is highly subjective in interpretation* It it; what the 

receiver 'sees' is being said rather than what the source is saying, 

which is influential on innovatory behaviour. 

Studies have demonstrated that 'what-is-being communicatedt (in terms 

of how it is received and used by the receiver) varies as the receiver 

moves through the Adoption Process - generally the more impersonal the 

source the less the likelihood of it influencing decision-making in 

the later stages of the Adoption Process (2-37)- 

2-8 THROUGH CERTAIN CHANlMS 

It has been suggested in the previous section that 

$what-is-communicated' will be influenced by the channels u3ed to 

transmit infoxmation. Figure 2.9 illustrates 

EIZ, UMS IN 
S. M. C. R. E. 
MODEL 

SOURCE MESSAGE CHAIUM RECEIVER EFT. 'ECTS 

CORRESPONM13IG Inventors Innova- icommunica- member A 

Adoption/ 
ELENRITS IN Scientists tion & Ition. chan- of a Rejection 

Change the per- 11nels: mass social conseq- 
DIMSION OF Agents ceived Imedia. system uences 
IIWOVATIOITS Opinion attrib- word-of- both in- 

leaders I utes such Imouth tended & 
f as rela- unintended 

tive ad- & result- 
vantage I ant behav- 

I ioural, 
I change 

Figure 2.9 THE S. M. C. R. E. COMMMCATION I-IODEL UTD 

CORRESPONIXING ETIlMTS IN THE PROCESS OF 

OF D=SIOIT OF INNOVATION 

The diffusion process is about $interaction' - where one person 

communicates an idea which is nGi to a receiver and so on. At its 

most elementary the diffusion process is seen to consist of: - 

(PigL=e 2.10 illustrates)* 
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(NEW) ImMA PERSON A: who has 
knowledge of this idea 

I 

PERSON B: who chooses PERSON B: who kias not 
to Adopt/Reject new idea awaxe of new idea (2-38) 

Figure 2.10 AN ELEIgNTARY MFFUSION MODEL 

Those parts of the model signified by --: > are the channels used to 

convey the message* The nature of the relationship between A and 

B determines the conditions under which A will or will not inform B 

about the new ideas and further, it influences -, L-he effect that the 

telling has upon B. The nature of the channel betwoen A and B is 

also important in determining B's decision to adopt/reject the new 

idea. To a certain extents choice of channel remains with As but 

this is less so where observability (by B) of new ideas exists (for 

examples in industrial systems new plant/equipment cannot be ccn- 

cealed for long). 

The channel used (and message content) tends to become more strucWured 

in more structured social systems (eg in industrial systems) thcagh 

even in such systems it is too easy to underestimate the influence 

of info=a] channels; a point which will be examined at a later 

point. In such structured systems it becomes necessary to distin- 

guish between the inter-firm communication network which might be 

highly formalised whilst an intraýfirm communication network might 

exist predominantly only at an informall unstructured level. 

It is felt that this structuring into formalised networks Us in 

parts due to the nature of the imovation-decisions made in these 

systems. These decisions being: 
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(a) O-Ptional Decisions - where the decision to innovate is 

optional to the individual (person or firm). These decisions will 

always exist in terms of an individual fi='s decision to adopt or 

reject. 

(b) Collective Decisions - where decisions to innovate become 

dependent upon group census., Such decisions could arise at both 

inter and intra firm system level; the intra-fim where group resea=--h 

and shared development is needed. 

Authority Decisions - these decisions are 'forced' upon the 

individual (person or firm) by Isomeonel in a superordinate power 

positiong these decisions are usually to adopt rather than reject 

(except perhaps where un-iOn pressure is against new innovations). 

Again, such decisions could result at inter and intra firm (perhaps 

competition pressure) level* 

(d) Eco-Authoritarian Decisions - with regaxd more specifically to 

industrial/organisational systems, the press-we mwf be frcm the 

systeditself to accept (2-39)- This pressure might arise from out- 

side the system (2.40)- 

(e) Contin, --ent Decisions, - these are essentially a sequential 

combination of two or more of the above types, namely, where thore 

is a choice to adopt/reject which can be made only after a prior 

innovation-decision. 

Authority decisions tend to impinge more upon the individual's 

freedom to innovate due to the control that can ofton be exerted by 

the authority structure of the systems usually in the form of 

recognisable hierarchical. structures. Figure 2.11 illustrates 
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ii2 

OPTIONAL COMECTIVE AUTHORITY 

DECISIONS DECISIONS DECISIONS 

LOW Higi, 
Influence Influence 

2,11 DMUENCE OF THE ORGANISATI I NDUSTRY 

SYSTEM UPON INDIVIDUAL INNOVATION DECISIONS 

The power and legitimacy of the 'authority' will be decided by its 

nature - for examplet Governmental pressure upon firms to innovate 

through investment grants (Optional)t throgei the formation of 

Research Associations (collective), or to change from solid-fuel 

to alternative methods ofkiln-firing (by legislation - Eco- 

Authoritarian). Similarly the ability of the adopter unit to inteD- 

pret and present its "own answer" to the decision influence-making 

source will tend to decrease along the same continuum. 

Returning to Figure 2e 10 (featured on P. 31 for even the most basic 
1P, 

of organisational communication networks this model needs modifica- 

tion. There tends to be two kinds of units involved in Authority- 

Innovation Decisions - the adoption unit and the decision making unit 

(ie the higher authority)e Figure 2*12 illustrates 
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Decision EMM-SYSTEM PIESSM Political press= to 
Unit eg modify kiln technology 

Adoption 
Unit THE FM (ie SMTIOR KUMG. 121M) 

now becomeb a 
Decision 

Unit to accept/reject influence 

decides to modify kiln technology 
4 J, 

Adoption UNION STRUCTUREJ Adoption 114AX&GEM-111 
STRUCTM Unit Unit 

ecomes a becomes a 
Decision Decision 

Unit Unit 

\FWORJ. 

XCMRCE 
Figare 2.12 ELEMMUARY ORGANISATION DIERTSION MODEL (based on Fig. 2.10) 

This model is constructed to provide for only one extra-system 

pressure; complications of competitorg customer, -supplier or even 

'within-firm' pressures can be added. Nevertheless, this elementary 

model does highlight the more involved channels of communications in 

industrial systems; the multiplicity of networks also suggests a 

problem in aseertaininglwhat-is-coni-ýLimicatedI through them, The reader 

will note that, figure 2.12 makes no provision for the existence of 

informal channelsj yet their recognition is often paramount in under- 

standing how diffusion and adoption actually occurred - for exampleg 

the congruency of message from unionsp follow-workers and the ma. We-. 

ment to the workforce. There might occur a situation where the work- 

force have a collective decision to innovate (mediated through the 

power of their Union whereas the management (eg foremen) have the 

innovation more or less forced upon them. Figure 2.13 illustrates 
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DECISION IRTIT 0.,,, t,.. DopTj: oll U17TS (2-41) 

298.1o OPTITION LE-MERS AND CC-1-DIMM"CkTION 

The present state of knowledge regarding communication3 is seen to 

date fiom the publication of a study entitled "The Peoplets Choice', 

12-42). Briefly the findings suggestcd: 

(a) that personal contact tended to be more froq: aent and more 

effective (influential? ) than mass media. 

(b) re the flow of personal informationg opinion leaders wore more 

interested in the electiong and opinion leaders were evenly dis- 

'tributed throughout each class of society and occupational type, 

(a) opinion leaders were more expose d to mass media persuasion (2-43) 

Pandamental though its findings woreq a methodological problem was 

incurred - it illustrated the limitations of using random sampling 

of units in communication research. Each respondent only spoke for 

himself. 'Identification of leadera relied upon self-desigmtim , 

There were no cross-checks made of designated opinion-leaders and 
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followers. 

The second major step forward was the 'Rovere Study' (2-44) which 

studied both advisors and advisees. Attention was given to three 

fundamental points: 

(a) classification of opinion leaders 

(b) study of communication patterns 

(c) interaction among opinion leaders. 

There followed the Elvira and Decatur Stadies (2-45) 

Focus moved from opinion leaders alone to the more general considera- 

tion of the relative importance of personal influence on the person 

naming the influencore It wast thecofc=et possible to attempt 

validation of the self-designation technique. Certain generalica- 

tions arose from these studies: 

(a) opinion leaders were influenced by other opinion leaders 

(b) opinion leadership was not a trait. In fact he is 'graxt ed' 

his status by the group at particular times in particular circum- 

stances 
(c) although it was possible to talk about various influences by 

various individualsq it was not possible to talk about aggregate 

influence unless account was taken of both the content of the decisiong 

and the time when the decision was made. 

The realisation that $time' was a crucial element led to a rethink 

in research design; a rethink which became manifest in Coleman's 

"Drug Study" (2-46). Coleman used the total population (namely 

doctors within a certain area) of the social system under examination; 

his aims being to: 

(a) establish a network of interpersonal relationships 

(b) to study a specific item ga: Lning- acceptance/rejection in a 

social system 
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(c) to study diffusion over time. 

When compared with the earlier studiesp one can see that it sought 

to be more objective for two stated reasons - the realisation that 

the decision-maker himselfg is not-he only source of information andq 

as the rate of different influences were assessed not only on the 

basis of th; decision-maker's reconstructinng but also on the basis of 

objective correlations (between leader and follower) it was possible 

to draw inferences about the flow of communications. 

Coleman's study introduced a new perspective of diffusion and 

communications research, It defined the social system before, the 

research was carried out. It became poscible for him to in-%restigate 

the relevance of various points of the sociometric structure to the 

transmission of influenceo The development of this research design 

has indicated the need to define the parameters of the system to be 

examined for three reasons: 

(a) the system constitutes a set of boundaries within which items 

diffuse; by defining these boundaries comparative analysis of inter 

and extra system influences can be examined. 

(b) it aids the description of major channels of person-to-person 

communication. 

(c) it affects the distribution and differentiation of status and 

roles; and the characteristic patterns of interaction among 

occupants of varying positions. 

The author notes the lack of comparative research of the same idea 

diffusing through different systems within the marketing area. Of 

considerable interest would be cross-cultural comparatives. 

From the empirical work quoted evolved the idea of a 'two-step flow' 

in communication networks - from the mass-media to opinion leader and 

then opinion leader to his followers (2-47). This was a move away 

from what has been termed the 'Hypodermic Needle model of 
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commmication. Figure 2*14 illustrates 

HYPODERMIC MM= 
I MODEL 

XLSS IMIA 

DIRE)CT AUMENCE EFTWTS 

Turo-STIT FLOW 

MODEL 

MASS MEDIA 

OPINION LEADERSHIP 
(SOCIAL PMATIONSHIPS) 

I 

INDIRECT AUDIENCE EFFECTS 

Figuro 2.14 THE HYPODERMIC AND TWO STEP FLOW 140DELS 

OF CODMMCATION 

Note: The Hypodermic Feedle model assumed that th-- mass media 

were powerful in their effectsq while the Two Step Flow 

model recognised interpersonal influence from opinion 
leaders as an important intervening mechanism between tho 

media message and its effects, 

Opinion leadership is regarded as the degree to which an individual 

is ablý to-informally influence other individaals' attitudes and/or 

overt behaviour in a desired way with relative frequency, 

The implications are a leader-follower relationship between two or 

more people rather than an abstract attribut. o or trait of an individual 

leader. The existence of leader-follower relationships in the 

diffusion process tend to assume pro-change opinion leadership yetq 

as Klapper pointed outp practically no research attention haz been 

paid to the role of anti-change leaders in discouraging diffusion 

(2-48). Although stated sixteen years agog the same comment could be 

made today, Research suggests that opinion leaders operating in 

modern systems tend to be pro-change and those in traditional systems 

to be much less so (2-49)t - however, one must modify such a 

generalisation with regard to the influence of any particular 
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innovation in any particular system* 

It would seem true to say that comaunications resea-rch during the past 

thirty years has profited greatly from use of tho two-step flow model; 

with degrees of modificationg it is probably the most popular frame- 

workq explicitly or implicitlYs utilised in diffusion research. How- 

everp more recent works have suggested various shortcomiripsg especially 

when one seeks to consider the model in a $time dimension'. 

Six euch limitations have been identified: 

1. The two stpp flow was proposed during a period when the conception 

of a passive audience was widely accepted in commmications researche 

The activity of opinion leaders was thoaght to provide the main thrust 

in initiating the com=nication flowG, Later research surTests that 

opinion leaders often play both active and passive roles in the relay- 

ing of informaticn (2-50)- 

2. The view that the process is 'two-step' is a limiting factor. 

The communication process may be one-step on some occasionsq two- 

steppedq or. a multi-stage process on other occasions. By focusing only 

on the two-step aspects of the processq research intended to reflect 

reality is severely limited (2-51). 

3, The two step flow model implies a reliance by the opinion leader 

upon mass media channels for informational input. Floweverg the 

specific channels utilised tend to be a function of such considerations 

as nature of messagep origin and credibility of origin of message,, 

spatial location of the opinion leader in the system (2-52), 

4- The original 1940 study did ndt take into consideration the 

different channel behaviour by receivers on the basis of their time of 

about a new idea. The opinion leaders may simply be the learning 

earlier knowers of new ideasq and their dependence upon mass media 

channels may be a function of their early-Imowing, rather than their 
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opinion leadership per seo Earlier knowers must necessarily depend 

upon mass media channels because at the time of awareness of new ideas, 

few of their peers in the system are yet L-iowledgeable of the new 

idea (2-53)- 

5- Mifferent communication channels function at different stages 

of the receivers innovation/adoption decision process (2-54). 

Mass media channels we primarily regarded as knowledge creators/ 

awareness creatorsp whereas interpersonal channe3s aro more important 

at persuading (2-55). Such channel diffqwences at the awareness 

versus persuasion stages (in adoption/rejection) exist for both opinion 

leaders and followers* 

6. An audience dichotomy of opinion leaders and followers is implied 

by the two step flow inodelg yet many 'non-leaders' are not followers 

of the leadersq at least not in any direct sense (2-56). 

2,8,2 MEASURING OPINION LFADERSHIP 

Three main methods for measuring and identifying opinion leadership 

have been utilised in communications research: Figure 2,15 illustrates, 

These being 

(a) Self designatory techniques 

(b) Informants ratings 

(c) Sociometric techniques to trace all networks. 

The most cm only used method in past research has been the self- 

designatory, using probability and/or non-probability data collection, 

Operationally the limitations include 

(a) the need for a confirmatory exercise to validate and test 

reliability 

(b) the problems of interviewer bias (where applicable), especially 

control of respondents self-perception (without validation). It has 

been suggested (Rogers) that if the individual designates himself as 
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a leader then he is one (that is, it modifies his behaviour)q howevert 

his influence in a system as a leader, if his perception is not 

perceived by the other system units as legitimate, will be zero - 

perhaps even acting as a referene. e point for dissociation 

(c) it may be that interpersonal comnunications (and in: fluence) takes 

place without either respondent and/or leader overtly aware; imitation 

without an overt awareness that it has a source 

(d) the discriminatory pourer of a self-designation type of method will 

vary from system to system and with a system from time to time 

(e) the problems of questiDnnaire construction; usually the uording 

of a self-designation questionnaire distinguishes only between 

influential and non-influentialp whilst there can be markad differences 

between the follower and the non-influenced (both of which would be 

designated as non-influential) 

(f) Finaliyq in systems where system-units are themselves comprised of 

sub-system units (eg an organisation) there remains the problem of #who 

to askV 

Comments on the other two methods of identifying opinion leaders are 

illustrated in Fig-are 2.15 (P-42)o 

Assuming identification of the opinion leaderg how in fact do they 

differ from those it is purported they lead? Research disclaims the 

idea of the innate $leadership trait'; the following generalisations 

sum=ise a plethora of empirical studies. -designed to answer the 

question (2-57)- 

Opinion leaders demonstrate: 

(a) a high degree of exposure to mass media 

(b) greater social participation - ie system accessibility 

(c) high= social status due to nomin tion by group 

(d) they are more innovative than their followers. 
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It is of interest that past research examining the characteristics of 

innovators and early adopters has often generated a very simi3ar profile 

to that presupposed of opinion leaders. This very substantial 

similarity between the empirical characteristics of opinion'leaders 

and innovator/early adopters must lead to the question as to when can 

we assume opinion leaders to be 1movator. - (and vice versa)? One 

researcherg BaumEarten refers to this overlap as the "innovative 

communicator" (2-58)- Generallyq research remains inconclusive as 

to the universality of the presence of the innovative communicatore 

It may be that9 in specific cases, the innovator becomes the opinion 

leaderg or the opinion leader, to preserve credibility in the group 

(where 'advancement' is the norm) innovates, yet this need not always 

be so, The power (and legitimacy to influence) of the opinion leader 

has its cource in the group's approval to do so; a leader is judged 

by his competence to lead, so that where innovators are regarded with 

scepticismq*it is hardly likely to find the opinion leader innovating. 

it is necessary to consider the nature of the system and of the system 

, arten's findings. units and of the innovation before accepting Baumg-, 

Homans (2-59) suggests that leadcrs obtain their position ofinfluence 

by rendering valuable and rare service to their system (obviously 

$valuable and rare service' is open to system interpretation). 

Leader conformity to norms is a valuable service to the system in 

that the leader thus provides a living model of the norms for his 

followers. An individual of high status (ie leadership) will con- 

form to the most valued norms of his group as a minimum condition 

of maintaining his status. How then can opinion leaders most con- 

form to system normsq and also lead the adoption of new ideas? The 

answer stems from the prevailing system norms - as Arndt suggests 

"when the system's norms favour changep opinion leaders are mcoe 
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irmovative, but when the norms are traditio=dq opinion leaders are 

not especially innovative" (2.60). 

Rotu=irig to Lazassfeld & Merton's concepts of Immophily and 

heterophily in communications (2.61) one can construct a model to 

illustrate the commication relationships between opinion leaders 

and follower;. Figure 2.16 illul; torates 
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The model suGgests that most interaction bet-vic-on innovators, opinion 

leaders and their followers occuxs between horophilous dyadsq but 

that olton op-lnw*cn leaders are of slightly higher social status ax. %, I-/ 

or more technically coi-apetextit th,, n thei:: followers. The innovatu=, 
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depending upon the systemp rempin c1ifficult to classify in tez= 

of social status - the innovator may, indeedp not belong to the same 

system as the opinion leader (expressed in membership terms) - the 

opinion leader may seek his 'sources of new ideas' from outside his 

systemp interpret these ideas and so filter them into his own system 

(eg industry) (2.62), One might propose that 'Follower 3' might be 

the opinion leader for 'Opinion Leader 4' and so on. - this would lead 

to the fonmlatj*6on of the widely held diffusion of innovation categor- 

isation (2.63)- 

There is a need to include in a discussion of opinion leadershAp the 

role of the 'change agent' in the com=nication of new ideas. A Change 

Agent has been defined as "a professional who influences innovation- 

decisions in a direction deemed decirable by a change agency's (2.64). 

In most cases he is seen as seeking to secure the adoption of mw 

ideas, but he may also attempt to slow down diffusion and prevent the 

adoption of certain innovations. The role is one of a communicatim 

link bdtween two or more social systems - this need not always bo EO 

if a system has its own, separate innovation generating force (eg 

industrial research association. -, ). Figure 2.17 illustrates tdo 

possibilities* 

In general research on the role of change agents in the diffusion 

process has been restricted primarily to sociological and anthropo- 

logical studies of the introduction of new agricultural/medical/ 

health/educational methods into traditional so--ietiesg and little 

has been carried out in examining the possible effects of change 

agencies/change agents in industrial systems; yet marketing, as an 

area of study dictates attention to customer requirementst and change 

agencies through the usage of change agentsq seek to provide these 

requirements (eg consultantst research bodies, supplier fims etc ). 

9 
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Some research has been carried out to guage the relationship between 

change agent effort and the diffusion of innovations: Figure 2.18 

illustrates this relationship based upon research data from two 

studies (2.64): stage I suggests that initially the change agent's 

efforts do not result in a proportional number of adoptions (2.65); 

in stages 2&3 as opinion leaders (and later followers) adopt one 

sees a climb in the rate of adoption under the system's own impetus 

md the efforts of the change agent is seen to retire from the 

process (2.66). 

Effectiveness of change agents (and their agencies, although client 

perceptions may differ between the two) will depend upon client/ 

system credibility - the perceived credibility by those whom the change 

agent is trying to influence. 

It may well be that the change agent and opinicn leader are 

synonomousg in which case change is most likely. However, where they 
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axe not so, then conflict in affecting chanV2 is possible; a vrithin- 

system change agent will probably counand a higher level of credibil- 

ity. 
In conclusiont one finds that most channel studies have been based 

upon the recall ability of respondents; the methodology used : is much 

in need of refinement, Katz'and others have been highly critical of 

past research on channels .... "If there is any single thing vrong 

with contemporary studies of diffusion... (it) is that there is too 

much emphasis on channels, The typical design for research ... has 

boen based, almost exclusivelyt on the ascumption that people can be 

asked to recall the chanr2ls of information and influence that went 

into the making of their decisions to adopt an innovation" (2.67). 

Considering the chazmel alone is insufficient to explain behaviour 

of importer and receiver in the innovation decisicn process - examin- 

ation of message, system, innovator and irmovation itself are fundaý- 

raental to further understanding of this process* 
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2-9 OVM TUE 

"Time is the I-ey to diffusion research" so expounded Katz (2.68). 

The time dimension is involved in: 

(a) the iruiovation decision process by which an individual passes 

from first knowledge of the innovation through its adoption or 

rejection 

and 

(b) the innovativeness of the individual - that ist the relative 

earlijýess/lateness with which an individual adopts an innovation 

when compared with other members of his social system and the 

innovations rate of adoption in that social system - usually measured 

as the rr=ber of members of the system that adopt the innovation in a 

given time period. 

Yet there seems to havo been varied consideration of the time variable 

in diffusion research designs (primarily it wculd seem due to the 

methods of data collection used)* Studies have relied upon recallq 

past rebcrds and/or linflucnc--t to record the time of adoption and 

rejectiom It is only some past research designs (eg the D=g Study) 

which have attempted to otudy the moments in time of adoption. 

2.9,1. TFIE INNOVATION DECISION PROCESS (THE ADOPTION PROCESS 

The first dimension, outlined above, is most often referred to as 

the Innovation-Decision Process (or the Adoption Process) - the mental 

processes through which an individual passes from first hearing of a 

now idea to final adoption/rejection of that idea. In terms of 

previous rosecarch designs there has been established some measure of 

agreement as to the stages in this adoption process 

VIzt 

riýran & Gross - Awareness, Conviction of Usefulness, Trialp 

Acceptancal Complete Adoption. 
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Wilkening - Awarenessp Obtaining Informationy Conviction and Trial, 

Adoption, 

Beall Copp & RoSers - Awareness, Interestp Evaluationp Trial 

Adoption. 

Holmberg - Availability of Innovation to the Individual . 

Awarene5s, Interest, Trial, *Evaluation, Adoptiong IntegTation 

of innovation into individual's routine. 

Taking the most common elements to each researcher they are: 

Awareness - the individual is exposed to the innovation but lacks 

complete information about it and he is not yet motivated to seek 

further information. Researchers saw the primary function of -this 

stage as to initiate the sequence of later stages that led to the 

eventual adoption or rejection of an innovation. Some researchers 

have conceptualised this stage as a random or non-purpose occurrence; 

that is, the individual becomes aware of the innovation quite by 

accidentg he cannot seek out an innovation which he does not Imow 

existst Reynolds (2.69) suggests this 'innovation oriented' 

beginning to the adoption process is only one possible beginning; 

he suggest§ that the adoption process may be conceptualised as 

having a 'problem-oriented' beginning - "I felt that I needed to 

change my cradit operations. I later heard about the bank charge 

account plan and recognised that it would be a way to change my credit 

operation" (2-70). Hassirl, -,, er argues still further, that awareness 

must be initiated by the individual and is not a passive act - he 

must have a problem or a need that the innovation is perceived as 

being able to solve. 

Interest - the individual has become interested in the new idea and 

seeks additional information about it. It is implicitly assumed 

that he 'favours' the innovation in P- general way, but he has not yet 
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judged its utility in term of his own situation. He now embarks on 

seeking information about this innovation. His own"personality and 

valuesq interacting with the norms of hic social cystcm may -affect 

'whe=et he seeks this informationg as well as how he then 'interprets' 

, his information about the innovation. 

Evaluation he now mentally applies the im-iovation to his present 

and anticipated future situation, and then decides whether to try it 

or not. Innovation carries a subjective risk to the individual (in 

terms of social prestigep profitability for the firm) and this stage 

tends to focus upon the individual using reference points upon "hich 

to evaluate its worth to him (eg friends, competitive firms)* Where 

the individual can identify others using this innovation (he bcing 

somewhat after the 'innovators' in the diffusion p--ocess) the risk 

element is considerably less than with the innovator/carly adopter 

v,, ho can recourse to far fewer reference points, 

Trial - this stage involves use of the innovation on a =all scalej 

in order to-determine its utility in his own situation. The main 

function of this stage is to demonstrate the new idea and to detenriine 

its usefulness for possible complete adoptione In many instances 

this trial stage is not possible; eg the adoption of a new industrial 

process may have to be on an "all-or-nothing", However it is 

possible to introduce computer simulation of a situation which can 

aid this 'trial' stage. 

Ado-Ption the individual now decides to continue the full use of the 

innovation. Adoption implies continued use into the future. 

Research has tended to end here without probing scales of continued 

adoption and the reasons for discontinuancet possible readoption or 

replacement adoption. 

In all of these studies the dynamics- of the adoption process are 
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implicit; sequential steps are assumedg with no defined time period 

per sequence. Similarlyp implicit (or at times not implied at allI) 

is the provision for a 'non-adop"Ibion process* Figure 2.19 illustrates 
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I 

Figure 2.19 EXIAMINATION OF THE NON-ADOPTION PROCESS 

One research study suggested that it had established empirical proof 

that adoption stages existed as realities - as conscious processes of 

the individual. (as reported by the individual) (2-71). An inherent 

weakness in this study is the reliability of the recall data - 

especially seeking recall of mental processes during the evaluation 

stage (2-72). This problem is minimised, where the evaluation and 

trial stages are more of a 'mechanical process'; for exampleg using 

financial analysis techniques to guage feasibility of new capitalg 

though subjectivity of interpretation of data will still remain. 
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In 1971 Rogers (and Shoemaker) moved from his original five stage 

adoption process "because our present model of the innovation-decision 

process makes provision for rejection as well as adoption decisionst 

and allows for post-decision communication behaviourg which usually 

reinforces the o=iginal decisiony but may lead to its reversal, The 

present mod&l is conceptually linked to the notions of decision making, 

the learning process and dissonance reduction" (2-73)- 

His reappraisal was as followss Figure 2,20 illustrates: 

KNOWLEDGE 

PERSUASION 

DECISION 

COMIRMATION 

Figure 2,20 THE ADOPTION PROCESS (Rogers & Shoemaker post 1971) 

The stages being described as follows: - 

Knowledge - where the individual is exposed to the existence of the 

innovation and gains some understanding of how it functions 

Persuasion - the formation of a favourable or unfavourable attitude 

towards the innovation 

Decision - this stage occurs when the individual engages in activity 

which lead to a choice to adopt or reject the innovation 

Confirmation - occurs when the individual seeks reinforcement for 

the innovation-decision he has madep but he may reverse his previous 

decision if exposed to conflicting messages about the innovatione 

Of more apparent application to industrial systems is the ' 

'collective innovation decision making process' (defined as involving 



53 

more than one person (suggested by the research of Beal and John (2-70- 

Figure 2.21 illustrates. This model evolved from research into 

STINULATION of interest in the need for the new idea by 
stimulators - can be from within or outside 
the system 

ýTj& of the ne'w idea in the social system - by 
"iniators" 

LDGITn4An . LION of the idea - by powerholders or I'legitimisers" 

MCISION to act ý- by members of the social system 

ACTION I or execution of the new idea 
Iý 

II to continue/discontinue usage of new idea. 

Figure 2.21 PARADIGM OF THE COLLECTIVE 11N. 10VATION DECISION 

MAKING PROCESS (based on Beal & John study) 

community decision makingg but has been widely supported (eg by Rogers 

Beal & Bohlen)as being applicable to most other types of collective 

decision making situations - viz. bureaucracieng industrial org-anisa- 

tionsp etc, 

For operational reasonsl the length of the innovation decision 

period is usually measured from first knowledge until the decision to 

adopt or reject, although in a strict sense it should perhaps be 

measured to the time of confirmation. However, the problem remains 

that the confirmation function may continue over an indefinite time 

period. For example, the Iowa Study (2-75) can be depicted as 

follows (Figure 2.22 illustrates): - 
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KRUdLELGE famer talked with agricultural 
extension agent 

-190 

PERSUASION interpprsonal conmunication with 

1937 neighbours & trial 

=, CISION planted total cornacreage 
in hybrid corn 1939 

CONFIFSATION discontinued use 
- 1941 of hybrid cornseed. 

Figure 2.22 TITIE SCALE OF 10'JA STUDY 

In industrial systems (as in particularly 0-1 systems with modern 

norms) as one innovation becomes standard practiceqý-O it becomes prone 

to being superceded by a lne, ý' innovation# Figure 2.23 illustrates 

this piocess. 
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The model outlined above shows three producers each engaged in Iheir 

own innovation decision process, 

Firm A is first into the market in time period (t+4) although 

recognition of a market need was made in (t+l). The time lag between 

$stimulation' and 'Action V (and indeed Action W will vary con- 

si . derably fAm system to system*' 

Firm B, aware of development at Firm A a-. hieves arrival at the market 

in (t+5)9 whereas Firm Cl although assisted by the knowledge of its 

competitors' strategiesp is not able to achieve a comparable product 

until (t+6). 

Heanwhileg the innovator (Firm A), leaming from its own behaviourp 

and from the competition, is 'stimulated' in (t+2) to consider possible 

improvements to the earlier product (ie Product A); the decision to 

act is taken in (t+4) and the new model (Product D) is introduced in 

(t+6) and supercedes Product A which is phased out, 

Whilst this model depicts a. common enough occurrence of product planning 

in both consumer and industrial markets, it does pose a fundamental 

problem to the diffusion researcher. By int=ducing 'time' into the 

diffusion process, the problem returns as to the establishment of what 

constitutes an t1innovation'19 and at what point in time did it begin? 

From the model is product B the same as Product A; is it a modifi- 

cation; or even an innovation in its own right? The problem is in 

defining identifiable watersheds in the development of innovations (2-76) 

2.9,2 CLASSIFICATION OF ADOPTERS (THE DIFFUSION PROCESS) 

"he second dimension of time is in its use as a 'classificator of I 

innovativeness' - for examplep in figure 2.23 firm A innovated before 

firm B and so on. This form of classification in diffusion research 

is called 'adopter categorisationte Adopter categories are the 

classifications of members of a social system on the basis of their 
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relative propensities to Innovate. The most commonly used being: - 

innovator, early adopterl early majorityp late majority and laggards 

(2-77). 

Rogers proposed five ideal-type adopter categoriesp altImugh he 

accepted that there were no pronounced 'breaks' in the innovativenes3 

continuum among each of the fivb categories 

(a) Innovator (venturesome) - observers have noted that venturesome- 

ness can be almost an obsession with innovators; their eagernass being 

to constantly develop and try out new ideas. Mis interest leads them 

out of a local circle of peers and into more cosmopolite social 

relationships. 

Being an innovator is seen to require prerequisites - the control of 

(substantial) financial resources to absorb the loss of an unprofit- 

able innovatinn; the ability to absorbg understand and apply possible 

complex technical knowledge; and# the willingness to accept social 

risk and prestige. As such, tho innovator is a risk taker. 

(b) Rarly Adopters, (respect) - early adopters are a more intef-, Tated 

part of the local social system than are innovators, It has been 

suggested that it is these adopters who demonstrate the greatest 

degree of opinion leadership in most social systems; with potential 

adopters looking to them for advice and information about the innova- 

tion. Because early adopters are not too far ahead of the 'average' 

individual in innovativeness9 they serve as a role-model for many 

other members of a social system; the continuance of such a role 

depends upon the maintenance of such a 'credible source' within the 

system. 

(c) Early Major. -IJZ (deliberate) - the early majority adopt new ideas 

just be-fore the average member of a social system. The early majority's 

unique position between the very early and the relatively late to 

adoptq makes them an important link in the process of leggitimising 
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innovations... "they follow with deliberate willingness in adopting 

innovations, but seldom lead" (Rogers). 

(d) Late MajoritX(skepticalj - the late majority adopt new ideas 

just after the average member of. a social system. Adoption may be 

both an economic necessity and the answer to increasing social 

pressures. The weight of public (system) opinion must definitely 

favour the innovation before the late majority are convinced; it is 

the pressure of other system members which is seen as motivating this 

group to adoption. 

(e) La, -gards (tradition) - laggards are the last to adopt an innova- 

tion; they hold a perception of 'what-war' rather than 'what-is' or 

twhat-might-bet. Some researchers have tended to include in this 

group Non-Adoptereq because they show similax behavioural traits 

regards adoption. 

The inadequacies of a meaningful research tradition are no more 

apparent than in the failure to achieve a standardisation of nomen- 

clature7for-these adopter categories. (2-78)- Are Rogers' "innovators" 

synonomous with "pioneers" (Ross 1958)9 "Progressists" (Chaparro 1955)t 

"parochials" (Carter & Williams 1957) or "opinion leaders" (Katz & 

Lazersfeld '1940 )? It seems accepted that segmen-I-ling adopters can 

provide a conceptual corrienienceg whilst viewing adoption along a 1l-ime 

continuum. Howeverv what does seem to exist, is the problem of 

circular reasoning. The general practice is to categorise given 

groups of adopters because of their position on the time-adoption 

continuum. Once groups have been so classifiedp a search is made for 

common characteristics of individuals belonging to that group. Once 

these common denominators have been established, other individuals 

possessing these characteristics are labelled as belonging to a 

particular adopter group. One might suggest an answer might be not 
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a statement that given individuals possess given characteristics, but 

an understanding lir. rhyl they possess these characteristics. 

Robertson suggestS that the boundaries should be placed where there is a 

"distinct change in the chaxacteristics of the individuals so cate- 

gorised" (2-79)- 

Petersen proposed a method whereby categories could be formed on the 

basis of time of adoption alone. Ile suggests that any categorisation 

technique should mirror the categories which actually exist in the 

empirical distribution and should not force this data into a pre- 

conceived number of categoriess or into a preconceived distribution 

form. The aim of his technique is to form categories by maximising 

the between-group differences and minimising the within-group 

differences* Howeverg Petersen himself highlights the problem of his 

approach - the optimal number of categories "does not consider either 

the theoretical aspects nor the reliability of the categories derived" 

(2*80), 

Midgley (2.81) suggests that within each category of adopters three 

distinct types (rep, =ding possible future communications) can be 

identified: 

(a) Favourables - those who have tried the idea and who will 

communicate favourable experiences of it should the situation arise 

(b) Rejectors - those who have tried the ideaq found it deficient 

md will communicate unfavourable experiences of it should the 

situation arise 

W Passives - those who have tiled the ideas may or may not have 

rejected its but who do not communicate their experiences of it. 

As an innovation is introduced to a system it is the early adopting 

'favourables' who are responsible for the spread of the idea (at least 

in terms of interpersonal communication) - Coleman calls this the 

I- 
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'contagion effect' (2.82). The 'paosives0v having adoptedq will retard 

this I-spreading' of the idoa, but not in terms of actually giving of 

unfavourable co=uniaations reCarding the now idea. It is the 'rejec- 

tors' who, using the same channels as the IfavourableSl - 'Whyte-'s tweb- 

of-word-of-r, outht (2.83) can seriously retard future adoption where 

their opinion is Viewed as leGitimate by those to whom they communicate. 

Two methods of categorisation have been used by diffusion researchers: 

1. CateC oxisaM. or. byý- Iobjectivel placement (by experts): where expc-t 

., ement jud, - is utilised g based upon past experience, to rank indi viduals, 

firms etc in terms of innoi-ativenezs. This method is often a valuable 

aid to the second method usedg primarily as a validatol-j tool. 

2. Cqtegorisation-ýZ Ti-me ofAdoption: the resultant diffusion curve 

will always demonstrate 'normality' because this form of cateeorisation 

uses a rigid form of rankineg namely (2-84): 

the first 2-2154o of adopters are Innovators 

next 1 311ý- are Early Adopters etc. 

Figure 2.23. illustrates: 
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The model as proposed by Rogers assumes that the rate of adoption of a 

new product exhibits a noýmal distribution with respect to time. The 

adoption distribution is described as: - 

cLQ 
t IA- 

z 

CL t 

br 4-2-ý. T 2- 

where 

dQ the number of now adopters averaged over a period dt at time 

standard deviation of tine 

time at which 50% potential adoption is achieved. 

t: time period* 

Whilst this model can be fully specified when the parameters axe 

known, in practice these parameters can only be calculated after the 

adoption/diffusion process has taken place; that is, the usaip of 

this model is limited to the application of historical data rather than 

as a predictor of future innovative behaviour (2.85)- 

The mo9t conmionly noted empirical regularity with respect to diffusion 

over time is that of a graph "describing the course of an item's 

diffusion, expressed as a cumulative level of adoption at succeeding 

points in time, approximates an S-form" (2., 86)o The function used 

most often to generate such graphs is the logistic (2.87); the use 

of the logistic curve implies a contagion-type diffusion, under the 

assumption of homogeneous mixing within a definableg finite population, 

and, an adoption rate which is directly proportional to the percentages 

of adopters and non-adopters (2.88). The popularity of this approach 

seems to stem from the fact that the parameters can be readily estimat- 

ed (by least squares methods) 9 applied to a minimal amount of datal 

r 
and that these parameters can be treated as dependent variables for 

further analysis (2.89), 
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Widespread acceptance of the B-curve (2o9O) by researchers seems based 

upon: 

(a) the writings of sociologists which seem to'indicate that the 

adoption of new ideas is S-shaped in distribution (Tarde), 

(b) that learning curves tend to approach normality (Rogers) 

(c) that thdre exists an 'interaction effectIq whereby a person who has 

already adopted influences a non-adopter, approaches normality (Coleman), 

Howeverp not all researchers have been so ready to accept the univers- 

ality of the S-cuxve (2.91). Sample data by Mansfield, and later 

Hagerstrandq indicated that the researcher mist frequently use "not a 

little imagination" to find an S-shape among the sample points (2.92), 

A major criticism of use of adopter categorisation is that little 

attempt is made to explain the nature of these categories; placement 

is by consequence of behaviour (and it cannot be used where system 

boundaries are undefined) (2.93). A point of distinction needs to be 

made between Idiscontinuances' and 'rejections'. Some attempts have 

been mqde to distinguish between those who never adopt and those who, 

having adopted, axe observed to later discontinue this behaviour, -The 

former units have been termed "rejectors" (sometimes "non-adopters", 

even I'laggards'19 which tends to present a value judgement that the - 

consequences of innovation axe 'good' for the individual and tIn system - 

this is certainly not always so. 1) the latter are known as I'discon- 

tinuances". A failing of much diffusion research has been the lack 

of investigation of reasons for discontinuanceg acceptance and rejec- 

tion, and the resultazit effects upon future system behaviour (2,94). 

Coughenour has suggested an approach which can present a clearer 

picture of the diffusion process (2.95)9 using an "innovation use tree". 

.,. roach is to map out the diffusion process; a model has been His ap-) 

constructed based upon Rogers five ideal-types to demonstrate its usage. 

Figure 2.24 illustrates: 
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This approach presents a more conclusive pictura of a diffusion not- 

workt takinS into account those units that adopt, reject and dis- 

continue, having adopted. The Rogers model can identify who has 

any adopted but it does not cater for usage of the innovation at 

particular point in time as it fails to account for discontinuances. 

Figure 2.25"Illustrates possibld variance when contrasting Rogers, 

and Coughenour's models; this variance could han been more pronounced 

if in the Ccughencur examplep Rogers nonralised ideal-types had no-L 

been used. 
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By using Coughenour's method one is able to highlic; ht innovation usage 

at any particular time period; where discontinuoxcos have ta-ke-n place 

by carlior adopters before the innoiation has diffused throuSh the 

entire system. Also it takes account of a 'non-adopticnl element 

rather than acceptance of RoCers 'laggards' which assumes eventual IOC,, 
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cystem acceptolice of an innovation. In point of fact non adoption 

could be any percentage; for example where a new idea supercedes an 

idea which has not itself totally diffused through the system. 

Midgley suggests a change in research direction. That in ordw to 

dofine precisely what the concept of innovativeness means, as opposed 

to what is rTcasu=ed, it is necessary to replace the approach of examin- 

ing the number of adopters over time with an examination of the 

distribution of individuals with (what he calls) "imovativeness scores" 

(2,96)o He is replacing time as an element in the diffusion process 

with "the distribution of a trait amongst mcmbers of society..,, cne 

which can be thought of as essentially similar to any othergsuch as 

intelligence or extroversion". 'The implications of his approach are 

to suggest that innovativeness is an inate expression of a person's 

. psychological. or sociological characteristics (2.97)- He is able to 

move away from 'time' as a yardstick of measurement towards analysis 

based upon levels of interpersonal corimnication because his concern 

seems to be one of prescriptiveg identification of innovators (2.98) 

for use in market research. As such he uses only two adopter cate- 

gories - Innovators and later Adopters, Figure 2.26 illustrates 
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His work on the identification of an "innovativeness trait" seemsp as 

yet, inconclusive and restricted to only one or two product grouDs 

(eg fashion). By choosing to ignore time in the diffusion process, 

one can loose dynamism - the very criticism made by Midgley about earlier 

researchers. 
I. 

2-10 AMONG THE MMITBERS OF A 

SOCIAL SYSTEM 

Katz fifth (and final) element of the diffusion process 

is the System itself, through which the innovation is observed to diffuse. 

A 'system' has been defined as "an organised or complex whole; an 

assemblage or combination of things or parts fo=dng a complex or 

unitary value" (2.99); that is, "a collectivity of units which axe 

functionally differentiated and engaged in joint problem-solving with 

respect to a common goal" (2.100). 

The social system constitutes a set of boundarios within which 

innovations diffuse. The structure of these boundaries can have an 

important effect upon rates of difftsion; it can impede or facilitate 

the rate of diffusion and adoption of new ideas through what axe called 

"system effects" (2,101), 

As Katz points out "it is unthinkable to study diffusion withcut some 

knowledge of the social structures in which potential adopters are 

located as it is to study blood circulations without adequate know- 

ledge of veins and arteries" (2,102), 

Size of system expressed in terms of spatial separation of system 

units, can be seen to have an effect upon the speed of communications 

of innovations. An empirical regularity in diffasion of innovation 

has been the occurrence of adoption in a spatial sequenceee, ollthe main 

spatial similarity is, briefly, that the probability of a new adoption 

is highest in the vicinity of an earlier one and decreases with 
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increasing distance. Later events seem to be dependent upon earlier 

ones according to a principle for which the term "neighborhood effect' 

would be apt" (2.103); a point of view supported by Griliches' study 

of the diffilsion of hybrid corn in the USA (2004). These observa- 

tions suggest that where interpersonal communication underlies diffusion, 

the neighboý=hood effect operat&s within a population group that is 

homogeneous with respect to a given set of characteristics, but between 

such groups to a lesser degree. 

A development of this thesis has been the study of "central place', as 

adding a critical element to the diffusion situation, It is proposed 

that, in addition to the neighbourhood effect, there is a "hierarchy 

effect; that isq for certain types of innovation, more important 

places tend to adopt earlier than less important places in spite of 

their relative locattionse.. ollin addition to the influence from the 

centre on the neighbouring districts we find short circuits to the more 

important places at a greater distance" (2-105). This suggests that 

system. unit. size is related to the directiong rate and path of diffusion, 

and can result in short circuits that reduce the neighbourhood effect. 

It has been suggested that the presence. of "homophily" assists 

commmication of new ideas (2.106)o This homophilic state between 

system units contributes both to the cause and consequence of "norm 

standardisation". Norms are seen as established behaviour patterns for 

the members of a given social system (2.107). They define a range of 

tolerable behavioux and serve as a guide or a standard for members of 

a social system. In addition to influencing the original adoption or 

rejection of an innovationg norms also influence the manner in which 

an innovation, will be integrated into the existing pattern of system 

behaviour. 

Research has focused upon identifying 'differences' in the adoption/ 

diffusion processes as affected by the presence of traditional or 
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modern norms (2.108): these two normative states axe seen as 'ideal 

types'- conceptualisations based upon observations of reality and 

designed to facilitate comparison. These ideal types do not 

necessarily exist empirically, but may be constructed by abstracting 

to a logical extreme the characteristics of the behaviour under analysis. 

They are noý 'ideal' in the sense that they describe 'what ought to 

belp but rather in the sense that they logically accentuate some 

dimension of analysis. What is important to the diffusion researcher 

is the suggestion that firms (individuals) with modern norms (or per- 

haps adhering to modern norms) view change favourablyj predisposing 

them to adopt new ideas more rapidly than firms (individuals) in tradi- 

tional systems* 

It has been suggested that "traditional systems" can be characterised by: 

(a) demonstrating a lack of favourable orientation to change 

(b) a less developedv or simplerl level of technology 

(c) a relatively low level of literacyp education and understanding of 

scientific method 

(d) a social enforcementof the status quo in the social systemg facili- 

tated by affecti-a personal relationshipsq such as friendliness and 

hospitality, which are highly valued as ends in themselves 

(e) little communication by members of the social systam with outsiders 

(f) lack of ability to empathiset or to see oneself in otherbi roles, 

particularly the roles of outsiders to the system., 

In contrastp a modern social system is typified by: - 

(a) a generally positive attitude towards change 

(b) a well developed technology with a complex division of labcar 

(c) a high value is placed upon education and science 

(d) $rational' and businesslike social relationships, rather than 

emotions and affectivity 
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(e) cosmopolite perspectivesq in that members of the system oý 'ten 

interact with outsiderst facilitating the entrance of new ideas into 

the social system 

(f) empathic ability on the part of the system's membersq who are able 

to see themselves in roles quite different from their own - that is, 

they are visionary (2.109). 

Rogers suggested three criteria for establishing the normative 

structure of a system for diffusion research purposes: 

(a) identify the 'average' innovativeness of the system's members 

(b) e'stabl-ish their attitudes towards innovations 

(c) use (what he calls) key informants ratings to cross-check 

the findings of (a) and (b); these being those who 11mowl the system 

(2.110). 

Rogers' proposal is applicable only to historical data; with inference 

that the 'average' innovator in the system will exhibit similar tendenc- 

ies in the future, 

As with any. attempt at extrapolation, the 'goodness of fit' will depend 

upon the present state of the environment continuing into the future. 

Whilst the $traditional-modern' continuum (that is, a reference to the 

state of the system's norms) seems important in predicting individual 

diffusion behaviourl of equal importance is the commitment of the 

individual to these norms (2.111)9 aid also where the individual has 

the ability to influence and redefine these norms (eg the opinion 

leader) 9*** as Rogers concludes "thus an indilidual's integration into 

a social systemg as well as the nature of the system's norms, need to 

be studied in order to fully explain his adoption behavicur" (2.112), 

2-11 A MUIARY 

The purpose of Section 2 has been to provide a detailed 

picture of the contents of the entire thesis, outlining the main con- 
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cepts and methodology used in diffusion research. It has introduced to 

the reader the importance of co=mmication in the Process of spreading 

of new ideas and that this diffusion affects social change. 

The stracture follows in the footsteps of two of the more emminent 

researchers in this area (2.113) in identifying five elements in the 

diffusion of"innovations 

-the nature of the innovation itself 

-how it is communicated from adopters to potential adopters 

- the channels used in this communication 

- the time taken for this process 

-the effects-that the system, through which the innovation is 

diffusing, has upon the rate of adoption (and hence diffusion)* 

This thesis now turns to a closer examination of diffusion in industrial 

systems, 

SECTION NOTES: 

2.1 Rogers E& Shoemaker F: Communications of Innovations P-47- 

2.2 Appendix 1 contains a list of these Igener-alisations' as prepared 
by Rao J, q which is seen as providing a skeleton summary of major 
conclusions of present day knowledge re the subject area. 

2-3 One might consider exceptions - where social change is cmsed 
by a natural event, eg a volcanic eruption changed Pompeii. 

2-4 Rogers E& Shoemaker F. Op. Cit P-7- 

2-5 Rogers E& Shoemaker F. Op. Cit P-7- 

2.6, Rogers E& Shoemaker F. OD. Cit, P. B. 
immanent change is a 1within-systeml phenomenon 
contact change is a 'between-system* phenomenon. 

2.7 What is the nature of the system unit? In studies of individual 
adoption behaviour (eg doctors adopting new drugs) the oyst--m unit is 
identifiable in it-- most practical indivisible state; howevert the 
system unit in industrial systems is generally regarded as $the final 
(eg Mansfield's studies) yet the firm is a system in its own rightt 
comprising of series of subsystem unitsp many of w hich can hinder/ 
assist the firm's adoption process* This point is examined in 
Section 39 P- 168 
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2.8 Although communication and social charge an not synonomousq 
communication is an important element throughout the social change 
process* Diffusion research - concerned with messages that are new 
ideas - is part of communications research. 

2.9 The reader is referred to the extensive work of Fishbein and 
others on attitude and behaviour change. Indeed the existence of the 
concept of the 'Adoption Process' caters for this transiticn f3mm 
knowledge chan6-- to behaviour change: P- 48 

2,10 Katz E: "Traditions of Research on the Diffusion of Innovation" 
American Sociological Review 1963- His iADrk has scarcely been 
questioned regarding his seven-parts of the process, although later 
writers (eg Rogers) have given less weight to his last five points**# 

I a) the Acceptance 
bý over Time 
0 or some specific Itemp Idea or Practice 
d) by the Individuall/Group or other Adopting Units 
e linked by specific Channels of Communication 
r to a Social Structure 
g to a given system or Values or Culture* 

2.11 Mansfield E: "The Economics of Technological Changell (1968) 

2.12 Rogers E& Shoemaker F: Op. Cit p. 19. 

2,13 Carter & Williams: "Indust= and Technical Progress - Factors 
Governing the Speed of Application of Science" (1957) p, 206. 

2.14 Knight K: "A Descriptive Model of the Intra-Firm Innovation 
Process" Journal of Basiness Vol- 40. No- 4 ý176_7)__ 

2.15 Fngelq Kollat & Blackwell: "Consumer Behaviour" P-107. 
Holt R. W. 1976. 

2,16 The reader is referred to p. 65 where the nature of system no=. s 
and perspectives are examined in depth. 

2.17 Traditional v. modern systems P-66 

2.18 Fisher L: "Diffusion of Innovation. A : ýmthesis of Research 
Traditionst'. A paper given at the 11th Kaxketing Theory Seminar. 
Univ. Strathclyde May 1973- 

2,19 Often is the case in overseas marketing that adoption and con- 
sequent diffusion can be affected by Ide-inventing' a product/ 
innovation, whereby the reduced complexity (in relation to the state 
of consumer Lmowledge) brings the product more into line with existing 
standards of (purchasing) behaviour. 
Weller D. G.: "Overseas Marketing & Selling" (1971) p. 118. 

2.20 The question of trialability provides a considerable block on 
industrial di-ffusion due to the indivisibility (and complexity) of 
capital and skilled labour. 
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2.21 Levitt T: "Innovative Tmitation" Harvard Business Review Sept- 
Oct (1966) p. 63-70. 
Note that the observability of success in the industrial system (ie 
the relative advanta4p ) may be a considerable time after the innovatory 
firm has actually adopted the innovation. If tire lags do exist (eg 
due to high level of technical R&D knowledge necessary, particular 
patents etc) then the diffusion of such ideas can take a considerable 
time from the adoption by the innovator until that by the laggards - 
as demonst3ýated by the aforementioned Carter & Williams study of 
pottery kiln adoption* 

2.22 pe 168 PP 

2,23 Rogers E. & Shoemaker F: 22. Cit P-319- 
They do suggest three reasons why this neglect: 
1, change agenciesp often the sponsors of research, over- 

emphasise adoption per ses tacitly assuming the consequences of 
innovation decisions will be positive 

2. inadequacy of traditional survey methods to investigate 
'innovation' consequences 

3- consequences are difficult to measure; clients of change 
are often not fully aunare of all the consequences of their adoption/ 
rejection of a given innovation. 

2.24 Note that regarding the industrial adoption processp the sub 
system units will probably adopt varying percepts of the desirability 
of an innovation: for exampleg a managerial perspective might be new 
kiln - economic benefit (functional) - reduction in manpower 
(functional)9 which would certainly be at variance wiih a workforce/ 
union perspective. 

2.25 Section 2 p. 18 

2.26 Rao G9 Singh K& Pal K: "A Study of the Motivation Pattern of 
Farmers towards the Adoption of Hiph-Yielding Varieties of Wheat" 
Behavioural Science & Community Development Vol 5 No 1 (1971 p. 64-71- T 
2.27 McClelland Do & Atkinson: "The Achievement Motives" (1953) 

2.28 Rao et al: Op. Cit p. 64- 

2.29 An outline of all Rogers' adopter category-types can be found 
on p. 56 See also Appendix 1. Generalisations of Diffusion 
Research. 

2-30 The nature of industrial innovatory behaviour is reviewed in 
Sectidn 3- 

2-31 The existence of homophilic behaviour was noted as early as the 
beginning of the C 20th - "social relations, I repeat, are much closer 
between individuals who resemble each other in occupation and 
education" Tarde O-p. Cit (1903) p. 64 
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2-32 "Homophily" - this concept, and its opposite "Heterop, 11.5-1y'19 were 
first called to scientific attention by Lazarsfeld & Merton (19654). 
Heterophily, the mirror opposite of homophilygis defined as the degree 
to which pairs of individuals who interact,, axe different in certain 
attributes. "The term homophily derives from the Greek thomoios' mean- 
ing alike or equalq thus homophily literally means affiliation or 
communication with a similar-like person. 

2-33 Numerous small group laboratory studies of group dynamics ham 
demonstrated heterophily can lead to message distortion eg Aschel 
Sherif & Sherif & Lewin. 

2-34 The problems and complexity of communication networ"m in 
industrial systems is reviewed in Section 39 P-135 

2-35 RoGers, E. & Shoemaker F: 
-2p- 

cit P-15 

2.36 Prevailing levels of techinical competence are part of an 
industrial system's Ino=sI of behaviour - the L-nplications are 
examined in Section 3 p- 87 ff 

2.37, 
)eg. 

Ryan J& Murray J: "SDreadin, -, the Word". Management 
(Eir Dec (1975) P-11-14 

2-38 It is generally held that an idea has not diffused until the 
receiver has made an overt decision to Adopt or Reject the idea: 
the stages between Awareness and Action are referred to as the 
Adoption Process: p. 48 ff 

2-39 SysterR-influences and "system-effects" P-65 

2-40 The Clean Air Acts 1956 had a profound effect upon kiln 
technology Section 4 P- 379 

2.41 This introduces the qudstion of system conflict: it is likely 
that even with resolution (perhaps compromise) based upon relative 
power positionsp the passage of innovation diffusion will be slower 
than had congruency between, adoption units prevailed. 

2.42 Lazarsfeld P. et al: "The Peoplels Choice" NY (1944) -a study 
of the 1940 U. S. Presidential Electionse 

2.43 'Opinion Leaders' - "what we shall call opinion leadership, if 
we may call it leadership at all, is leadership at its simplest: 
it is casually exercisedv sometimes unwittingly and unbelmown... 
it is almost invisible, certainly inconspicuous, form of leadership 
at the person-to-person level of ordinary intimate, informal 9 every- 
day contact" Katz E. & Lazarsfeld P. p. 138 Decatur Study: refer 
note (2-45). 

2.44 Merton: "Patterns of Influence. A 

feld and Stanton 

ersonal 

1 1949) 
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2.45 Katz & Lazarsfeld: "Personal Influence. The Part played by 
People in the Flow of Mass Coummnication" (1955) - the Decatur Study 
Berelson, e-I'l at: "Voting' (1954) - the RLvira Study. 

2.46 Coleman et al: "Medical Innovation" A Diffusion Study" (1966) 

2-47 The term "opinion leader" has occurred in research in many 
differir: g g3Aises. 
viz fashion leaders, gatekeepersq influencorsv information leadersv 
key communicatorsl sparkplugsq style settersl tastemakers even 
innovators - the question of "are innovators opinion leaders? " is 
examined on p. 43 

2.48 Klapper JT: "The Effects of Mass Cormmication" (1960) P-84 

2.49 Terms I'modern'19 "traditional systems" p. 66 
"by their close conformity to the systemts-normsl the opinion leaders 
serve as an apt model for the innovation- behaviour of their followers" 
Rogers & Shoemaker O-P- Cit P-35- 

2.50 Sienski A: "A Two Step Flow of Communication: Verification of 
an EUothesis in Poland", Polish Sociology Bulletin Vol 1 (1963) 
P-33-40. and 
Wright C& Cantor M: "The Opinion Seeker and Avoider: Steps beyond 
the Q2inion Leader Concept" 

Pacific Sociology Review Vol 10 (1967) P-33 ff- 

2-51 Menzel & Katz E: "Social Relations and Innovation in the 
Medical Profession. The D)idemiolorý: of a New Drug-11 
Public Opinion Quarterly Vol 19 (1955) P-337-352. 
"We haýýe found it necessary to propose amendments to the two step 
flow of communicationsg by considering the possk ility of a multi- 
step rather than two-step flow". 

2-52 Rogers E& Svenning: "Modernisation among Peasants. The Impact 
of Communication" (1969) 

- 
2-53 Industrial system opinion leadership traits. P- 185 ff 

2-54 For explanation of 'adoption process' , stages P-56 The original 
two-step flow model did not recognise the role of different communica- 
tion channels at these various stages says: Van den Ban A: "A 
Revision of the Two Step Flow of Communications Rypothesis". Gazette 7 
Vol 10 (1964) p. 237-250- 

2-55 Troldahl: "A Field Test of a Modified Two Step Flow of 
Communication Model" Public Opinion ý4=terly Vol 30 (1967) p. 6og-623 
proposest on the basis of dissonance theory# that followers who are 
exposed to mass media messages that are inconsistent with their 
predispositions, will initate interpersonal communication with opinion 
leaders to reduce their dissonancee 
Work based on Festinger L. "Theoa of Cognitive Dissonance" (1957) 

2-56 Rogers & Shoemaker: Op Cit p. 203: suggest "In order to identify 
the followers from the non-followers among the category of non-leadersq 
researchers should use leader-follower sociometric dyads as units of 
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2-56 (contd): analysis 
the case in past enqUry 
Not all non-leaders are 
non-adopters in a sense 
to their peers. 

rather than individualsy as has generally been 
of opinion leadership and diffusi-on research* 

followers of opinion leaders - that-is, the 
have not followed similar adoption behaviour 

2-57 Generallyq research has followed two-variable relationshipst 
dea-ling with the dependent variable 'opinion leadership' and some 
other variable as independent (eg gregariousness). Multivariate 
analysis to explain variance in opinion leadership has tended to be 
rather desultory 
eg Rogers & Butridge: I'Muck Vegetable Growers. Diffusion of 
Innovation amorL- Specialised Farmers" (1961ý 

and - 
Rogers & Svenning : I'Mode=). isation among Peam-its. The Impact of 
Communi cation" (12ý2) 

2-58 Baumgaxten S: "The Innovative Communicator in the Difftsion 
Process". Jou, -. -, Ial of1larketing Feseaxch Vol 12 (Feb 1975) p. 12-18. 

2-59 Homans G. : "Social Behaviour. Its elementary forms" (1961) P-339- 

2.60 krndt: "A Test of the Two Step Flow in Diffusion of a New 
Product". Journalism Qaaxterly Vol 45 (1968) P-457-465: opinlon 
leaders can either favour (and so lead) or oppose (and so retard) 
change, so influencing their followers accordingly 
for explbnation of "system norms" P-65 
and industrial leadership traits, Section 3 p. 220 

2.61 p. 27 

2.62 In such a case the opinion leader is likely to be perceived by 
his followers as innovator for that system. 
F, g. Carter & Williams identified the technically progressive firm, 

-as 
being "receptive to outside ideas". 

2.63 Model 

INNOVATOR 1 
OPINION LELDIM (following 
Follower/Opinion Leader 3 
Follower/opinion Leader 4 
Follower/Opinion Leader 5 
Follower/opinion Leader 6 
Follower 7 
Non-Follower 8 

Traditional Classification 

innovator 1) 2 
IIMOVATOR 

EARLY ADOPTM 

EAFLLY MAJORITY 

LATE MAJORITY 

IAGGARD 
NON-ADOPTER 

For discussion of traditional classification P- 56 

2.64 Rogers & Shoemaker Op. Cit p. 227- 
Also change agent refers to the helperp the person or group w1io is 
attempting to effect change" Bemis "The Planninp of ChanCe Readinr-, s 
in the Applied Behavioural Sciences". (1962T-P-5. 
Also "the chaner-e agent must be exogenous to the system" Lippitt (1958) 

this definition tends to be too restrictive for use. in industrial 
systemsq where. a change agency may exist within a system, being 

separate from member firms, 
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2.64 Stone J: "How CounjZ Arricultural Apents Teach" 
Michegan Agricultural Extensioa Service (1052) 

and 
Petrini P: "F=eriment with Different Time DisDosition of a 
Given Rctension Prog-ramme ' 
Uppsala Agricultural College* Sureden (1967)- 

2. -65 One would expect the time-scale of stage I to be dependent 
upon the congruair, 7between the chanEe proposed and the prevailing 
system norms and system environment. 

2.66 It is in the later stages of the model that the similarity of 
the role of chan&e agents in industrial systems most differ f=cm Stone 
and PetrinVs research. In industrial systems the chlan8e- agency will 
strive to assist/direct/persuade diffusion (eg through contilmed sales 
effort) rather than relying purely upon system momentum. 
The reader will notice a marked similarity between this research 
and a marketing concept - The Product Life Cycle; this similarity 
and its relevance to industrial diffusion theory is examined P*215 

2.67 Katz E et al: "Traditions of Rpsearch on the Diffusion of 
Innovation". American SOciological Review Vol 28 (19635 p. 237 ff- 

2.68 Katz: ibid p. 238- 

2 69 Reynolds F: "Problem Orientation". Rural Sociology Vol 36 697 1) p. 215-218* 

2-70 Ibid p. 216. 

2.71 Rogers, Beal & Bohlen: "The Im-nortance of Personal Influence 
in the AdoDtion of Technological Changes" 

Social Forces Vol 36 (1957) P-329-335 
also Lazer W& Bell W: "The Communication Process and Innovation" 
Journal Adv. Research (Sept 1966) p. 2-7- 

2.72 copp (1958), Byland (1964) support this studyl, whereas Mason 
(1962) suggested that the researcher should consider, empirically, only 
two stages - Awareness and Adoption - due to problems of establishing 
the presence and recall of mental processes. 

2-73 Rogers & Shoemaker 01). Cit p. 25- 
It is noticeable that general texts on marketingg published as late 
as 1975/76 still rely heavily upon Rogers' original modell 

2.74 Beal G& John M: "Role Performance of Change Agents": a paper 
presented to the rural Sociological Society of San Francisco (1967)- 

2-75 Ryan J& Gross N: "The Diffusion of Hybrid Seed Corn in Two 
Iowa Communities" Rural SociologY Vol 8 (1943) p. 1,5-24- 

2-76 The reader is referred to p, )Ofor a discussion of 'what is an 
innovation!. 

2-77 Rogers F. & Shoemaker F: Op. Cit p. 27- 



75 

2-78 Section 1 "Merging Research Traditions" 

2-79 Rob extson "Innovative Behaviour and Communication" (19710 P-87 

2.80 Petersen R. A.: "A Note on Optimal Adoptnr Categoj: y Dete=, ination" 
Journal, 11. arketing Research Vol 10 (Aug 1973) P-325-329 quote from P-327-, 

2,81 Midgley D. P. : "Innovation & New Product Planning" (1977) p. 116. 

2,82 footnote 2.85: discussion of S-shaped diffusion curve. 

2*83 Whyle W: "The Web of Word-of-Mouth". Fortune (Nov 1954) P-140. 

2.84 Rogers E& Shoemaker F: Op. Cit p*182 states: - 
"the innovativeness dimensiong as measured by the time at which 

an individual adopts an innovation is continuous. However, this 
variable may be partitioned into 5 adopter categories by layirZ off 
standard deviatinns from the average time of adoption. " 

2,85 Note: the cumulative number of new adoptions is given by 

1/2. CLe, 

t so 

where QT = cumulative no. of adopters at time T. 
Application of this model approaches an S-shaped curve. Source: 
Lancaster & VIhite: "Industrial Diffusion. Adoption and Comrmmicationt, 
European Journal of Marketing Vol 10 No 5 (1976) 

2.86 Jones, GE : "The Adoption and Diffusion of ASEicultural Practices" 
-r- 

World Agricultural Economics & Rural Sociology Abstracts Vol 9 (1966) 

P. 11. 

2.87 Casetti E: "Why Do Diffusion Processes Conform 'o Loristic 
Trends? " Geographical Analysis Vol 1 (1969) P-101-105- 

2.88 Coleman JS : "Introduction to Mathematical Sociolop, 71 (1964) P-42 

2989 Casetti E& Semple RK: "Concernin,, rr the Testinp, of S-natial 
Diffusion Rvpothesps". Geographical Analysis Vol 1 (1969) p. 254-259- 

2.90 Tarde G "The Laws of Imitation" (1903) 

eg Rogers E "Diffuston of Innovations" (1962) 
& Coleman, Katz & sel "Social ProceEses in =sicians Adoption 
of a New Drug, (1968) 

their model takes the form 
QAt =r Qt, (Fa - Q-r) + (d - a-r) where 
the effect of each adopter upon each unreached potential adopter 

p the rate of self-motivated adoption- 
This model assumes that the rate of adoption is a constant proportion 
of the product of adopters and potential adoptersq suggesting adoption 
is caused by the exposure of potential adopters to those who have 

already adopted the product. 

2*91 eg Astor -. ""The Adoption Process. S or Jouryd"l? ural Sociology 
Vol 32 p. 220-222. 
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2.92 Mansfield E: "Technical Chanýje & the Rate of Imitation" 
Econometrica Vol 29 (1961) P-741-766. 
Hagerstrand T: "Innovation Diffusion as a Spatial Process" (1967) 

2.93 An inherent problem in measuring diffusion is to decide 'when, 
an idea/product has stopped diffusing - it is perhaps easier in a 
commercial area where sales can be measuredq although even her4 future 
purchases can be the result of behaviour modified by knowledge learned 
during present purchasing behavicur. Can we assume a point in time 
when every uhit in the system hab undergone/exercised a choice process 
to adopt/reject? 

2,94 Research is sketchy in the area of investigating the perception 
of members towards fellow system-memberst self-images and system 
images (re adopting categories). Rogers has auggested that "innovators" 
and "laggards" see themselves as deviants from prevailirg system norms 
of behaviour - but this is piecemeal in nature and does not adequately 
link behaviour between either individual units or between adopter 
categories. 
Section 2-10 p. 65 examines 'system effects' on individual behaviour* 

2*95 Coughenour CM : "The Problem of Reliability of Adoption P, ý. ta 
in Survey-Research", Rural SociologY Vol 30 (1965) p-184-203- 

2: 96 Midgley'DF : OT). Cit P-47- : his approach is based upon figure 
2 23 (p54) where deviations from the 'average adopter' X are calculated 
ie innovators two standard deviations etc. 
Midgley states "although a normal distribution is shownj this is not 
necessary to the argumentt which would hold for any empirical dis- 
tribution" (P-47) 

2.97 ýIidgley defines "innovativeness" as - "the degree to which, an 
individual is willing to adopt without receiving favourable inter- 
personal informatim on the innovation's performance from his social 
contacts" OP. Cit P. 49 ie the amount-of such favourable information 
that an individual requires before accepting the risk of adoption. 

2.96 The objectives of his book reflect this "the author is able to 
suggest certain systematic procedures by which an organization can 
radically improve both its short and long run chances of launching 
successful new productsq'I 
from backcover Midgley "Innovation and New Product Marketing'. 

2.99 Kast & Rosenzweig "The Modorn View. A Systems Approach" 
in Beishon & Peters (eds) "Systems l3ehaviour" 

-Open Univ. Press 1972 P-14- 

2.100 Rogers & Shoemaker; Op. Cit p. 28. 

2.101 : also known as "compositional effects" (Davis et al 1901)9 
"contextual effects" (Blau 1957/60), "structural effects" (Campbell & 
Alexander 1965 also Tannenbaiin & Bachman 1964). None of these studies 
examined system effects upon diffusion of innovations. 

2.102 Katz: I'Me Social Itinery of Technical ChMae. Two Studies on 
the Diffusion of Innovation" in 
Sch--amn (ed) : "Stiidies of Innovation and of Communication to the 
Public" 1961. 
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2.103 Hagerstrand T: "Quantitative Techniques for Analysis of the 
Spread of Inform. ation and TechnoloýMrll in 
finderson CA & Bowman M (eds) "2ducation and Economic Development" 
(1965) p, 261. 

2.104 Griliches Z: "Hybrid Corn. An Mcploration in the Economies of 
Technological Change". Econometrica Vol 25 (1957) P-501-522. 

2.105 Hagexýstrand T: "The ProRac,, ation of Innovati2n Waves". 
Lund Studies in Gerography No B-4 (1952) p. 8. 

2.106 p. 44 

2.107 One can identify two main schools of thought amongst sociolog- 
ists as to the meaning of "norm". 
1. The Neo-Positivists : "norm"-- the standard behaviour represented 
by such measures of central tendency in a distribution as a mean, 
median or mode. 
2, Social Achonists : "nonall - atgroup expectation' of a certain type 
of behavioure 
This argument between ! what is' and 1what ought to bet has subsided with 
a tendency towards a more operational definition of norm that may 
reflect either a standard or an axpectation for behaviourv or both. 

2.108 Research including: 
Toemies 
Weber 
Merton 
Beaker 
Parsons & Shils 
Redfield 
Weber. 
Wolf 
Lesner 

Burns & Stalker 
Lawrence & Lorsch 

gemeinschaft v gesellschaft 
rationa. 1 v traditional 
cosmopolitan v local 
secular v sacred 

modern v traditional 

organic v mechanistic 

2,109 Rogers E: "Diffusion of Innovation" p- 94- 
Carter & Williams. "The Characteristics of Technically Pro"-ressive 
Firms", Journal Industrial Economics (VOIT-1-9-60T P-87-104': 
while being more concerned with the speed of application of scientific 
knowledget nevertheless did suggest that it was possible to identify 
the characteristics which distinguish the progressive from the un- 
progressive firm* Section 3- P-1 00 ff 

2.110 Methods used to identify the normativo structure and innovative- 
ness prop-e-nsity, Section 3- P-153 

2.111 often referred to as 'group cohesiveness'. 

2.112 Rogers & Shoemaker 22. Cite P-34. 

2* 113 Rogac sE and Katz E: p. 1 
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SECTION 3: AN INDUSTRIAL PERSPBOTIVB 

3*1 INTRODUCTION 

Thus far the major variables influencing adoption and diffusion processes 

as. highlighte. d by researchers ha7e been introduced in Section 29 attention 

now turns to those elements specifically influencing industrial innova- 

tion-adoption and diffusicn processes. 

Probably more tInn in any other field of research, the researcher finds 

the subject of his enquiry open to a wide variety of influencesq from a 

wide variety of systems (sources) - if the subject of enquiry is the 

firm, then influence may arise from within its ovin boundaries (the 

organisational structure), from its competition, its customers or 

auppliersq or from what shall be considered the business environment 

(eG political, legal controls etc). 

To explore the industrial adoption and diffusion prOcesst th-ree main 

elements bear consideration: - 

(i) customers in the market place 

(ii) manufacturers - suppliers to these customers 

(iii) suppliers to manufacturers - componentl and equipment suppliers. 

Four modelsq the results of the interaction of these elements can be 

presented to illustrate the complexity of the industrial innovation 

process: - 
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19 Customer -null innovation 

CUSTOMER PZUb-DS 

IM40VATION 

MANUFACTURER 

DMOVATES 

EIS CCMPMTORS 

REACT - A-DDPTIKG I. UNOVAT3DIl 

CONCEPT 

(idea becomes diffused through 

manufacturer industry) 

MARKET AWPTS - INNOVATMN 
IS XFPLJSED TEROUGH 

CUST014M SYSTEK 
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Xanufacturerýpush innovation 

HANUFACTURER INNOVATES 

(eg to cut costs, improve 

production, technological 

breaktrirough in R&D etc)- 

I 

COMPLTITORS RFACT : IMIOVATION 

CONCEPT CAN BE DIFFUSED 

(OR REJECTED) THROUGH INDUSTRY 

CUSTOMERS/kARIMT 

ACCEPT (or Reject) 
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M=facturer pull 

IMUFACTURER DMUOS 

INNOVATION FROM ITS 

SUPPLIERS 
(could b"e to cut costs, 
improve effeciency or as 

a more direct response 

-from own customers) 

INDUSTRIAL COMPONENT & 

EQ, UIPMENT SUPPLIER 

INNOVATES 

OTHER SUPPLIERS PlEACT BASED 

ON EFFECT OF INNOVATION IN 

OW - INDUSTRY JUM EFFECT ON 

THEIR CUSTOMERS WHO 14AY HAVE 

BEEN AFFECTED BY ONE 

MANUFACTURERS CHANGE OF 

TECHNOLOGICAL AND/OR 

MARKET STRENGTH. 

OTHER MANUFM 
--- -1 
TURMS '. 
-- - -i 
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Industrial cormonent and 

equipment supplier push 

EQUIPMMIT COMPONENT OTHER SUPPLIERS ADOPT 
SUPPLIER INNOVATES (AND SO TECiMOLOGY 

BECOMES DIFFUSED) 

MOUFACTURER 4-----. -. -. -*1O9=RMAMACTURERS 
ADOPTS (or Reject leacier I- 

I ADOPT 
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Each model is used to depict a particular 'source of innovation' 

pressure; it may occur in the marketplace for consumer goods arA 

pull through technological innovation from any number of interlocking 

systems (ie supplier -/ manufac. turer/supplior --: ý manufacturer -; ý, 

customer) supplying that marketplace org alternatively, it may be as a 

result of scientific research which eventually percolatles through these 

self-same interrelated systems until manifesting itself (and not 

necessarily in its original form) in the consumer marke-41; place (3-1)- 

The rate at which a technological innovation will be accepted and 

diffused ig governed by a variety of system-envirormental press=m 

1. Market structures 

2. Rate of customer acceptance 

3, Rate of technologiml change 

4- Economics legal and political policies of j; over. nx. ent. 

1. Market stxActures 

Parker (3.2)9 using traditional economic market structuxe 

typologyj suggests that in 'perfect competition' there is no incentive 

for an individual firm to consider the generation of new products or 

processes before any of its competitors. This lack of motivation to 

undertake risk is seen to exist similarly with the 'monopolist'; however, 

it is suggested that innovation may be undertaken to sustain the monopoly 

position through creating 'technological barriers' for potential 

competitors. Parker suggests that in 'monopolistic competition' the 

preponderance of smaller firms will act to reduce the size of capital 

needed to undertake 11 & D. He concludes that it is only likely in. an 

loligopolistic structuret that companies will be large enough to afford 

large scale R&D and so generate innovations. Care must be taken not 

to overgeneralise that only large firms axe therefore innovatory; field 

evidence suggests that size does not alone correlate with propensity to 

innovate, nor innovatory success (3.3). 
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Parker, in common with the more pragmatic economistsl does not develop 

his examimtion of stractures further, to the point where the nature 

of the structure itself is examined* 

Amongst others, Bums and Stalker have sugges-b d that various structures 

will demonstrate various propensities to innovate (3-4). 

2. Rate of customer acceptance 

Whether the source of innovation can be identified as tpushl or 

'pull', the rate at which the customer demands, or is prepared to accept 

imovation, will determine the rate of innovatory behaviour of a 

particular fimg or a particular industry. In part 'this is determined 

by the structure of the industry and partly by the rate of technological 

change.. *. 

3. Rate of technological chanre 

Technology tends to feed upon technology; rates of technolob-ica! 

change are interdependent upon changes in often previously unrelated 

industrial fields. As Rothberg writes "improvements in product and 

process technology are often introduced to a wide vaxiety of product- 

markets simultaneously" (3-5)o He gives the example of L. S. I. (large 

scale integrated circuits)t which quickly become adopted in axeas as 

diverse as computersp television sets, cash registers and automatic 

sensing devices. Brightj from his studyg concluded ... "the most 

important application of a new technology is not always that which was 

visualised first; and, as a corollary, technological imiovations 

frequently gain their first foothold for purposes that were originally 

not thought of or are deemed to be quite secondary" (3.6). 

Within industrial systems, a common technological base sets limits to 

the intensity of inter-firm competition within a given product market* 

It is when this cormonality is broken, either from -within the industry 

(viz manufacturer push- model 2)0 or from outside (vilz models lt 3 or 4), 
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then the survival of the disadvantaged finas can bo threatened; as was 

H. C. R. with its traditional cash register designs at the advent of the 

L*SeI (3.8). 

4- Economic, leMl and political 

policies of government 

The r5searcher needs to r6main aware of the effects (tsystem inter- 

ferencel) caused by central and local government policiesq Vnen examining 

the industrial innovation process .... "to an increasing degree, new 

governinent standards and regulations are expressed in perfo=ance te=s 

that stimulate rather than retard the development of new products and 

processes oooe clean air and water standards, for exampleg have led to 

major advances in pollution measurement and control" (3-9)- 

Howevers the researcher often needs when defining, the nature of 'system 

interference' to distinguibh between the effects upon the firm, upon the 

industry or upon society as a whole... "the Welfare State is a protection 

against failure and exploitation but a national recovery can take place 

only if. innovatorsq and men of enterprise and haxd work, can prosper', 

(3-10)- Whilst government standards may pull through innovat: b n, fiscal 

and monetary policies, planning decisions and so on may well act contrary 

to the advancing of technology (3-11)- 

In addition to the need for a receptive environment for innovation, studies 

suggest that a similar receptivity must exist within the firm. Two 

principle elements are needed: 

1. The motivation to innovate : the propensity to endure 'risk' 

and 

2. The ability to innovate : motivation needs to be coupled to 

the ability to undertake the necessaxy actinn to innovate. This ability 

is generally governed by factors internal to the firm (eg structure and 

organisational flexibility, good internal tommunicationsv ability of the 

laboux force, capital strenze-th etc)t but this ability has to be viewed in 
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the light of environmental pressures outlined earlier, 

Central to the process of industrial innovationg adoption and diffusion 

thereof, is 'communication'. Mat is: - 

(i) communications within the firm; both vertically and horimntallyt 

(ii) between firm and its suppliers, 

(iii) fi= and its customersq 

(iv) and between fi=, its sources of technology and the business 

environment. 

Central to the theme of this thesis is the process by which innovation 

is adoptedg comiminicated and diffused in industrial systems. 

., 
text of Section 3 involves a critical evaluation of The remaining 

published literature regarding industrial innovation processes and 

Section 4 reflects field studies undertaken in the Potterj Kiln Industry 

to trace the introduction of som recent technological innovations. 
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3.2. PRES'. 7rRE". TO 11MOVATE 

The commitment of modern industrial societies to change is almost 

total (3-12). The pressures of industrial/technological invention lie 

at the core of this process. Deane sees ... increase in the flow of 

inventions or of ideas for change suitable for incorporation into th-- 

productive p; ocess" as a major precondition for a successfull industrial 

revolution (3-13)- Gabor argues that the stage has been reached where 

"innovation has become compulsive" (3-14) yet it was not, according to 

one researcher (3-15) until the early 1960ts that the problem of 

technological innovation began to assume an importance for more than a 

few traditionally science-based companies. He notes how R&D 

expenditure has grown in the U. K* (expressed as a percentage of GNP) 

1900 0-055- GNP 
1938 0,2 57-'ý 
1973 3 ci-' 

In parallelg study of this process - of technological innovation, 

adoption and diffusion has been scarce relative to that in other fields 

of diffusion researcho Cook mentions seven hundred and eight publica- 

tions under fourteen headingsp but only five are attributed to the 

industrial field Oo16) 

INVE21TIOII AND INNOVATION 

An extensive literature has been developed which seelm to provide 

meaninGful, definitions of these terms (3-17). Although there is some 

dispute at the ma gins of these definitions (3-18) there seems to be a 

general consensus abcat the sequence and about certain key character- 

istics of each. 

The basic proposition that the process of invention "requires a notion 

of a sequence of acts of insight which leads to a cumulative synthesis 

of many items that were originally independent" (3-19) is echoed in a 

number of studies (3.20). This pattern is recognised by Kuhn in his 
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concept of a scientific paradigm (3.21); by Scherer, who considers it 

to be the first stage in the process of technological innovation... 

"(invention) is the act of insiaht by which a new and promising techni- 

cal possibility is recognised and worked outp at least mentally and 

perhaps also physicallyq in its essential, most radimentary form" (3.22); 

and by Mueller when he says "Invention is concerned with creativity and 

discovery. and generally implies fabricationg mental or otherwise. It 

is not necessarily useful- that is, if something new is bought into being 

it is an invention in one non-legal sense of the word. In order to be 

legally patentablev howeverl an invention 'must represent true innova- 

tion and add to the sum of useful Imowledgel according to the U. S. 

Supreme Court" (3*23)- 

A number of perspectives have been proposed to account for the invention 

process* The 'transcendentalist approach' predominates economic 

literature; it attributes invention to 'the inspiration of genius' (3,24) 

This perspective is týypified by Redlich's observation ... 11VIhile at all 

times there live creative men *so no prediction is possible as to 'where' 

they will appear in any particular moment or how they will act. The 

creative entrepreneur being a deviant, he and his work an-, unpredict- 

able" (3925)- 

On the other handq many behavioural. scientists lay greater emphasis upon 

invention (and innovation) as representing the accumulation of many 

individual items over a relatively long period of time ... 11 no invention 

springs full-blown out of nothing: it must have antecedents" (3,26). 

Gilfillan writes ... "there is no indication that any individual's 

genius has been necessary to any invention that has had any importance, 

To the historian and social scientist the progress of invention appears 

impersonal" (3.27). 

A general picture emerges that technology feeds on technologyq md in 

the process provides a major source of inventions. The importance of 
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basic science to industry is not denied* It is emphasised, however, 

that knowledge created by a study of funda=entals filters into industryg 

often in indirect ways (3.28)..., "Technology tends to create its own 

problems and solutions" (3.29). 

Robertson puts forward a combination of both viewsp rejecting the 

validity of either view standing alone (3-30); he suggests that 

invention need not necessarily be an accidental affair, yet it would 

also be wrong to overlook the discontinuities inherent in the pro-ces-S" 

of invention. 

What is important to note is that the act of invention may not neces- 

sarily be important for the examination of the adoption and diffusion 

of a particular innovation in a particular industrial systemp because 

the pure technology -has 
been transfe=dd across system boundaries. 

However, the reaction to source of invention might well be an important 

element in gaining system-acceptance (3-311). 

Theories of innovation in business stem mainly from the work of 

economist Joseph Schumpeterg who viewed innovation as distinctly 

different from invention whichl he heldp occu=cd in isolation of 

innovation and which could or could not be coupled with innovation (3-32). 

He considered the process of innovation to be an essential component 

in profit, capital, creditg interest and the business cycle. Innovation 

was seen to be the element relating the static equilibriums of earlier 

economic theory as they change through time. Ruttan identifies 

Schumpeter's definition as follows... 'lie will now define innovation more 

rigorously by means of the production function* This function describes 

the way in which quantity of products varies if quantity of factors vary. 

Ifs instead of quantities of factorsq we vary the fo=a of the function, 

we have an innovation. We will simply define innovation as the setting 

up of a new production function. This covers the case of a new 

commodity as well as those of a new form of organisation, or a merger, 
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or the opening up of new markets" (3-33)- 

The research tradition concerned with toclulological changme has also 

investigated changes or shifts in the production function (3-34); 

Buttan concludes "technological chang e may for practical purposes be 

regarded the same as innovation" (3-35). 

Whilst Schumpeter (and fellow economists) tended to view innovation 

as a Idiscontinuous event' (3-36)9 behavioural scientists have Iresent- 

ed the view of innovation being a 1process'. Anthropologist IIII. G. 

Barnett alluded to innovation as the basis of cultural change, and 

defined innovation as "any thoughtt behaviours or thing that is new 

because it is qualitatively different from existing forms" (3-37) 
- this 

is a considerably broader definition than Schumpeter's 'setting up a 

new production function', $, Marquis suggests that "when an enterprise 

produces a good or servicet or uses a method or input that is new to it, 

it makes a technological change. The first enterprise to make a given 

technological change is an innovatore Its-action is innovation" (3-38). 

He considers. innovation to be the unit of technological changeg whilst 

an inventiong if present, to be part of the process of innovation, 

Rogers, a sociologistt has broadened the definition still further, when 

he referred to an innovation as "an idea perceived as now by the 

individual" (3-39). Other notable definitions include: - 

**@*"A series of technical, industrial and commercial steps (3-40) 

. s. o*11A change in$ or an addition to,, the physical entities that com- 

prise its product line ... feom a market pOrSDeotiveg however, the term 

refers to a new or revised set of customer perceptions concerning a 

particular benefit cluster" (3-41) 

sooe"An innovation is the adopticn of change which is new to an 

organisation and to the relevant envirorunent" (3-42) 

Levitt euggestsinnovation should be viewed in at least two irays (3,43): 
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(i) newness in the sense that something has never been done 

before, and 

(ii) newness in that it has not been done before by the industry 

or by the company now doing it. 

Whilst he adheres to the definition that innovation occurs only when 

something is entirely new, having, never been done beforej he does 

suggest that innovation may also exist when something which may lave 

been done elsewhere isq for the first timev done in a given industry 

(3-44). This latter perspective illustrates the difference between 

'invention' and 'innovation'; it allows the transference of technologri- 

cal achievement from one industrial system to another to be considered 

in the latter system as innovatory. 

Baker questions whether it is the 'thing' (the invention? ) innovated 

or the commercial exploitation of it that is the innovation (3-45). A 

question he seems to leave unresolved, When considering industrial 

innovation it is probably an unnecessary splitting-of-hairs because 

acceptance of the 'thing' will be viewed in the light of commercial 

possibilities (although writers do differ on the weight given to economic 

versus non-economic criteria (3-46)). 

Twiss feels it is necessary to draw a distinction between 'technical 

innovation' and 'research and development'. in that technical innovation 

implies a company-wide approach to the profitable application of techno- 

logy, rather than a description of the activities of one (or a number) 

of. depaxtments responsible for research andcbvolopment (3-47)- 

It has been suggested that it is possible to develop a conceptual 

framework for classifying innovations; one such approach is that used 

by Ehgele He suggests a continuum illustrating innovations in terms of 

their possible disruption to the day-to-day process in the firm (and 

implicitly the industry). Figure 3.1 illustrates (3-48)- 
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CONTINUOUS ]MUMCALly MSCONTI14UOUS 

INNOVATION CONTINUOUS I14NOVATION 
III 

potentially disruptive 

v 

Fivre 3-1 

In turng Langrish has suggested a five point scale based on the response 

to innovation as published in scientific and technical literature; a 

-ion marked by the publication scale which ranges from the radical innovat 

of new textbooks, to the passing of only small incremental improvements, 

which attract no more than some references in the technical press (3-49). 

One can question this approach on the basis of its academic adherence 

to the written word. It is conceivable that some innovations may not be 

initially honoured at the appropriate literary level and therefore be 

underrated (3-50)- 

However, Langrish's scale has been adapted by recent researchers, re- 

cognising that industry does not perceive all innovations being of equal 

importance or consequence. 

Rothwell, for examplev used a4 point scale in his study of innovation 

in the textile machinery industry, (3-51)9 namely 

Class 1: Radical breakthrough 

2: Major innovation 

3: Incremental innovation 

4: Improvement 

Taking a different perspectiveg Booz and his colleagues, proposed a 

matrix approach for classifying new products (and innovations) using 

two key dimensions (3-52): - 

(i) levels of technolomr 
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target Markets (Figure 3.2) 

TECHNOLOGY INCREASING TECHNICAL REQUIR=TS 
No technical Improving present I Introducing a 

change technology new level of 
technology 

PRESE172 

Present marketl BUSINESS 

I 

PM011MULATION F%. EPLACU= 

Mcpanding 

present RE- IMPROVED PRODUCT LINE 

market MERCHANDTIS- PRODUCT EXTENSION 

ING 

Moving into NMI USE MLPJMT I 

a EXTMISION I)IVMSINTCATIGN: 

new market 

3.2* 

171-dIst. in itself, this matrix has many limitations as a conceptual tool - 

I it fails to identify the process of implimentation of a parLdcular policy 

or to suggest the possible intended or unintended consequences of doinC 

so - nevertheless it can be used to enhance Engel's continuum in a way 

suggested as follows: - (Figure 3-3) 

In practice it is difficult to take such a dichotomous view of these 

two activities o. "Invention and innovation are to be distinguishedg 

but they are not separate, They are often inextricably inter-linked 

because they stand mutually in a mixed cause-effect relationship: each 

is part causeq part effect of the other" (3-53)- Robertson cubscribes 

to this point of view .. "there is a significant difference between the 

generation of the idea and its introduction into practice" ... ; he 
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suggesti that the available evidence indicates that innovators often 

alce not the creators (inventors) (3-54). 

What does seem in a6-, Teement amongst researchc=s is that invention and 

innovation can-not be divorced frcm creativIty, The successful innova- 

tion is offered to the market as something new, for which the customerg 

being prepared to risi deviance from existing, practices, is prepared to 

Th pay, albeit some more slowly than others, Ie crxalitr of the i nvc! n*'%Iion 

and innovation results from the loriai-nalityl of the creative r-tids of 

one or a few individuals ... as T; vriss concludes "without creativity 

there can be no invention and no innovation" (3-55)- 
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INNOVATION : DMIUTD PULL OR TECHNOLOGY PUSH? 

Pox some twenty years now economists have argued abMitthe baoic source 

of successful technological innovation in terms of 'technology push' or 

its opposite, 'demand pullt (3-56). In theory, for the researcher, the 

problem of ihitial source becomes one of emphasis - an idea may origin- 

ate from the market place yet become so refined as to lose its defini- 

tion once in the hands of the technologisto and similarly an idea 

initially born in the laboratory is much modified via product/market 

research findin6s before it emerges in the maxlket place. Howeverg as 

will be discussedt the initial source can help to explain receptivity to 

communication vertically and horizontally in the firm, and evidence will 

be presented from research studies to suggest that the probability of 

market success can be explainedq in partp by reference to the idea 

source. 

In Britain the rush to recapitalise after the second world war led to 

an unriýrall6d expansion of capital projects and R &- D expenditure, 

"' British manufacturers during the Macmillan The restored profitability oi 

era of 'you've never had it so good' paved the way for Wilson's 'white 

heat of technology'; the funds and the political backing were'present 

for technology push. Woudhuysen feels that the attention given to 

America's very evident economic superiority over Ebi-ope reinforced 

this (3,, 57)- Certainly investment by US companies in 1heir European 

operations did much to create fears of a transatlantic 'technology Cap' 

especially in the more technologically advanced product categories (eg 

computers and aviation). 

Heavy commitment to R&D was accentuated by state-financed R&D 

spending on defence technologiesq for which costs were virtually 

irmraterial and purchasers guaranteed, 'demand pull' did not fi., oure 
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highly in business thinking. As Woudhuysen observes "Public or privatel 

civilian or military, the 'propulsive' powers of R&D were lauded to 

an unprecedented degree, allowing expenditure to climb rapidly in most 

developed countries during the sixties" (3-58). 

If one is to highlight one main reason for the dampening of enthusiasm 

for 'technology push' it would be the growing recognition by firms to 

be aware of their accountability to market forces (to undertake a market 

orientation). Evidence now suggests that attention to marlat noeds 

(Idemand pull') reduces the uncertainties inherent in undertakjxC 

scientific development without planned and anticipated outlets for these 

discoveries (3-59). 

Demand pull innovation is seen to receive impetus from outside the 

R&D area. Requests tend to fall into two technical categories: - 

(i) those that represent incremental advances over the present 

state-of-the-art 

or 

(ii) those that are technologically exacting or essentially 

-e-of-the- impossibleg either because they are beyond the current stat 

art or to achieve the technical excellence would cost unforecastable 

expenditure. 

Demand pull, by comparison with technology push, tends to be com- 

paratively easy to bring to fruition because: - 

(i) demands tend to be the former typep which are frequently 

small, to which the company has at its disposal technical excellence; 

the advance in many cases is no more than an elaboration or refinement 

of an already mature technical field.. 

(ii) generally there will be less resistance within the organisa- 

tion (eg expenditures will be smaller; the improvements may be com- 

prehendable to a wide variety of organisational decision-makers and 
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market research may be available to 'prove' the demand) and from the 

customer. 

However there may be resistance from the R&D area. Emphasis upon 

demand-induced innovation tends to be regarded as incompatible with. 

the inherent nature of scientific personnel .... .. highly competent 

sclentists have a strongly developed sense of autonomy" (3.60). 

Technology push axe results from inventions and discoveries made in 

the R&D area as a result of ideas generated from within, regardless 

of whether or not ary user-need has yet been expressed, Steele feels 

that it is "out of supplyý-pushed type of iruiovation are most likely to 

appear the major achievementss the large discontinuities in technology" 

(3.61). 

Operating managementq usually out of technical ignorancep tend to view 

technology push innovation as high riskq with possibly no immediate 

return on investment (3.62)o Steele observes "major inventions of 

the supply-pushed type are relatively infrequent and have a reLatively 

- cccai be attributed to high failureý rate" (3.63)- How much of this that 

lack of commitment by operational management is not clear; it is a 

point not pursued by Steele or many other researchers who have examined 

push versus pull innovations 

It was suggested earlier that research evidence would be presented, 

which strongly suggests that the source of pressure to innovate in the 

industrial system may indicate the probability ofsuccess in the market 

place. A number of studies are now presented to cubstantiate this 

claim: - 

Scbmookler and others (3.64) lean heavily towards demand-induced 

innovation as the path to commercial success..,, * "demand induces the 

inventions that satisfy it" (3.65)- His studiec of patents in the 

USA led him to believe that "inventive activity tends to rise and fall 



98 

with the sales of the products they improve (3.66). 

In a study of the origins of 25 important product and process innova- 

tions a-IV Da Pont, 15 were attributable to outside sources (3.67). 

grish and others found only one-third of important ideas Lan, - axose 

internally (from R&D), and of the factors that hinder market 

acceptance, over 20ýo' was attributable to 'no market or need' (3.68). 

---- 455 of failures could be linkod with inadequate market analysis 

and weaknesses in marketing effort (3.69). 

Failure to identify 'user need' was highlighted by the Way Report on 

the Machine Tool Industry (3-70); criticism was levelled at companies 

for lack of emphasis on maxketingg and the use of marketing research 

and technological forecasting. 

Stage I of the Project SAPPHO examined 29 pairs of similar projects 

(in each pair, one project a success, the other a failure) from two 

industries - chemical process industry and scientific instruments. The 

reseaxch concluded that the clear cut differences between success and 

failure. within pairs could be best summarised as: - 

(i) successful innovators were seen to have a much better 

understanding of user needs and 

(ii) successful innovators pay more attention to marketing (3-71). 

Reekie et al examined 53 projects 
ýhich had been abandoned during 

development. Reasons given included: 

(i) In 30 out of 51 cases reported the reason given for 

abandonment was due to too small a market or too high a level of 

competition 

(ii) In 14 out of 44 casesq a lack of marketing capacity or 

expertise was given (3-72). 

"Spotting technical opportunities plays a suprisingly minor role Jh 

sparking innovations as shown by three-quartexs of innovations stemming 

from recognising a market potential or a need in a production process" 
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(3-73)- Marquis presents the following findinCs from his study 

(Table 3-1 below): - 

IMOVATION I13ITIATED BY No OF CASES Lttae 

Technicýtl feasibility 120 21 

Market demand 257 45 
USER 

Production need 169 30 NEEDS 

Administrative change 21 
-A- 

567 100 

TABLE 3-1 SOURCE OF INNOVATION MANES- 

Mansfield found that about 605,; of the projects studied that did not 

achieve their technical objectives were terminated before completion 

because of poor commercial prospectsy and over 45, o of projects acen 

as attempts at relatively large advances in the state of the art were 

terminated before completion because of poor commercial prospects rather 

than technie'al difficulties (3-74). 

Levitt, in examining sources of ideas for new products suegests 

lifaitation' as a "much more prevalent road to business growth and 

Profits" (3-75); in stressing what is essentially a demand-pull 

approach he Gives examples such as IBM which entered computers as an 

imitatorg and Texas Instruments' entry into the transistor market as 

an imitator. 

Baker found of nearly 300 ideas arisinig-'in a divisional laboratory of 

a large US corporation: - 

212 ideas were stimulated by a user-need (a 'need-event') whilat 

60 could be attributed to technology push. 

Of the eventual successes (an amount not disclosed) he noted, 85% were 

*derations (3-76). from iddas stimulated by user-need consi 
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Project SAPPHO Phase 11 irrvolved the study of a further fortythree pairs 

of projects in the same chcmical processes and scientific instruments 

industries (3-77). The findings presented below in table 3.2 represent 

combined data for both industries; success variables for which the 

probability of chance occurrence was estimated to be less than 

RAMaNG I SUCCESS VARIABLE 

1 Successful firms understand user needs botter 

2 Successful innovations have fewer aftersales problems 

3 Successful firms employ larger sales efforts 

4 Successful innovations have fewer lbujgst in production 

5 Successful firms have better c=nmlcations in specialised 
areas 

6 Successful firms pay more attention to educating user 

7 Successful innovations need less adaptation by users 

8 Successful innovations need fewer unexpected -4justmonts 
in production 

9 In successful firms there is less opposition to the 
innovation on commercial grounds 

TABLE 3. 2. PROJECT SAPPHO PHASE II: FT. VDTNGS COMBINED FOR BOTH 
INDUSTRIES 

Whilst only the top 9 variables are presentedt indication is given to 

the emphasis placed upon market/customer forces in determining success- 

ful diffusion of an innovation. 

Project SAPPHO Phase II found the emergence of inter industry differences 

in variables attributed to successful innovatory firms. In the tables 

3-3. (for chemical processes) and 3.4 (for scientific instruments) only 

the top 5 ranked variables axe giveng but differences in emphasis are 

apparent... 
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RANKING SUCCESS VARIABLE 

1 Successful firms understand user needs better 

2 Successful innovations have fewer after-sales problems 

3 The executive in charge of success has more responsibility 

4 Successful firms have better commuications in the 
specialised axeas 

5 Successful fims drop processes as a result of innovation 

TABLE 3.3 PROJECT SAPPHO PHASE Il : C104ICAL PROCESSES INDUSTRY 

RANKING, SUCCESS VARIABLE 

I Successful firms understand user needs better 

2 Successful innovations have fewer bugs in production 

3 Successful firms employ greater sales efforts 

4 Succ. essful innovations have fewer after-sales problems 

5 Successful firms have better external comminuLcations 

TABLE-3.4 PROJECT SAPPHO PHASE II : SCIENTIFIC INSTRUMENTS RIDITSTRY 

VIhilst both industries indicated successful innovation was reflected in 

understanding user needs betterv differences are apparent in terms of 

the role of an individual (a Product Champion) in the adoption process 

and also the speed at which firms discard old technologies 

Rothwell attributed these intel-industi-j differences to environmental 

and stractural, factors. He concludes his study .... "SAPPHO results 

strongly support the belief that successful firms pay more attention 

to marketing than do failures" (3-78). 

Other studies which have found root failures of now p roducts to lay 

mostly with projects started by R&D iniative include Peplow (3-79), 

Nicholson (3-80) and a Materials Advisory Board (USA) Study (3-81). 
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In contrast, a US study by-Seiler clearly demonstrates that the majority 

of ideas fcr new R&D projects came from members of the research staff 

(3-82); table 3-5 illustrates: - 

VD&A 
( ID/ SQ16AQCa OF 

CASEAttat 
larAFF 
MA%ZkMr4& - 
URLES S%-RfF 

c"WOMECS I 

0,04ee 
MAKA(; EtACIC 

OV"SRS 

, IlýVG 

Ire eb s 

70 Sif C>o -2 4(0. c) 4b-(o , (00 

10-9 9-3 

1-7 10.4 4-4 4-0 

ro - 

'; -4 V-4 8: 3 - lb IB. C) t0 - 2. c> -2 

9 -* le- i 2. ig .t. 
-1 

2-0 Is .: 5 

TABLE 3.5 IIMURCRUEILER 

On average 601,10 of ideas from R&D 

17%, frort Marketing and Sales 

and 4% from customers directlY- 

Similarly, another report indicated that betw'een one quarter and one- 

third of successful new ideas originate with R&D. but that their 

importance may be greater than this proportion suggests since -1heso 

ideas tend to be the radical, major innovations (3-83)- 

The key to explaining the appaxent divergence in findings lies in 

making a clear distinction between 

(1) THE ORIGIN OF THE 11TITOVA91ORY IMA. 

and 

(2) THE SUBSEQUZIT ADAPTATION AND SIDLUTIOII OF IMAT ID Mk 

A simple matrix can be constructod to illustrate: - 
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cooCticlitAk OF TKE 
MkRy er R Rce Y S4elSZqCatArlA, 

GOLAA TiCIA 
c - 

Abaf-, R, rtotA 
, T%4fkr 

P-l"T % OF 'PIA) 
sbak 

NP. KE-r IN C4 

OPF-(Zprriot4 R L- 
PA Pt4R cla Me W-4 

P%All) 

MIME 3.4 I--, -., ', T. RIX--TO ILLUSTRATTO ORIGIN AND SUBSEEý, ýT-7 T AW. PTATION 

OF II'VITOVATION 

TYPE I : 'Push-Push' Innovation 

Can be seen to be tho traditionally accepted Technology Pt"-h 

type of. innoyationj with the origin of the idea coming from the research 

area, being transformed into a product concept also by the R&D 

function. It is this type of innovation that whilst likely to be the 

most radical is also likely to carry the 67eatest co=ercial risk of 

failure. 

TYPE IV : 'Pul3-Pull"'Innovation 

Can be considered to be traditionally accepted Demand Pull 

Innovation; the origin of the idea in the maeket place, being identified 

by the marketimg area and passed on to the R 6. D function for 'develop- 

ment to de_ailed specification'. In this situation the R&D function 

is seen to be closdly defined and passive in innovation development. 

Of the two remaiming types 
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TYPE Il : 'Pall-Push' Innovation 

Whilst the emphasis is towards-Domand Pullq either directly from 

the customer or via market research findingsp the adaptation of the 

users needs remains the providene. e of the R&D area. Hence a degree 

of iniative is retained by both rna keting and R&D. 

TYPE III : 'Push-Pull' Innovation 

With this final type the emphasis is towaxds Technology Push, 

but the innovatory idea is seen to pass over to the maxketing/operation- 

al management function to test co=ercial viability. The outcome is 

dependent upon the relative 'strengths' of these two functions as to 

'whether the iniative for finalised adaptation remains with ma keting 

or R&D. 

Clearly research findings have been hazy as to which form of innovation 

(as defined in the matrix above) was. under investigation* For example, 

Seiler gives no indication as to whether the ideas he attributes to 

R&D were activated in response to (ie Type II o= IV), or in 

anticipation'of (ie Type I or III) market demand. Both origin of idea 

and which function within the firm responsible for interpreting and 

adapting the idea, will be presented as meaningful elements when 

discussing the adoption of innovation within the firm. 

Some studies have approached this problem... 

In the Harqýiis study already quoted, he found 75% of successful 

innovations were based on user-need considerations* He then sought to 

identify what he called the tkey input sources' for interpreting these 

user needsinto product ideas; he identified two possible sources 

(illustrati5d in Table 3-5) (3-84)- 

(i) sources inside the firm 

(ii) sources outside the firm, 



105 

INSIDE THE FIR4 170. OF CASES 

Printed materials 9 2 

Personal contacts 25 4 

Own training and exper- 
ience 230 

. 
41 

Fozmal courses 1 0 

Experiment or calcuation 40 2 

305 54 

OUTSIDE THE FTPM 

Printed materials 33 6 

Personal contacts 120 21 

Own training and exper- 
ience 39 7 

Formal sources 8 2 

200 36 

MULTIPLE SOURCES 62 11 

567 101 

TABLE 3.5 : SOURCE MARQUIS 

His conclusions were that the ideas to solve these user needs arose 

from within the company ... "you don't necessarily need to look outside 

the firm for innovative ideas. Most of the major infoxmation inputs 

which evoked the basic idea or led to its solution came, from. inside 

the firm" (3-85)- 

Although Marquis did not identify the variables at play as clearly as 

the matriXý, doest nevertheless he did illustrate the difference between 

origin of the need to innovate and the subsequent innovational idea to 

solve the neede 

Rothwell in a later study (3.8o) using a modification of Langrish's 
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classification of innovations -a4 point rath= than the latter's 5 

point scale (3,07) - found that for: - 

Class 1&2 /'0 70"' of these innovation types arose to meet user needs 

whilst 18% - arose as a result of the imovatoxs desire to take 

advantage of a new technological capability 

Of the remaining 12%9 these were undertaken to strengthen the firms 

market position vis-a-vis competition. 

He noted ... "the dominant motivational mode in Class I and 2 innova- 

tions: is, it seems9 the linkage of market opportunity to technological 

capability, with the former aspect predominating" (3-86)- 

For Class 3 and 4 types of innovations he found the dominance of market 

factors even greater: - 

401/Ifo arose in response to perception of user needs 

f cust 40% were the result oýl 1womers' direct requests 

and the remainder were undertaken to strengthen the market position. 

However it is possible that these latter figures are a little mis- 

leading. - Whereas studies such as Marquis' have taken as their point 

of interest major innovations (ie Class 1 and 2 Rothwell) andzo one 

would expect the involvement of a company's R&D function in that 

process, Rothwell hast in additiont considered the more day"to-day 

product improvements (ie Class 3 and 4- 'the continuous innovation'), 

which may sometimes not formally reach the R&D area; customer - sales 

engineer - production may well produce modifications withcat involvement 

from R&D, 

He found that the majority of ideas proposed for solving the problem 

(for Class . J'and 2 innovations) arose from within R&D. or from 

specialist outside sourcest whereas for the less disraptivep technic- 

ally radical innovationst solutions tended to originate in-house and 

were more evently spread within the organisation (Table 3.6) 
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ORIGIN OF BASIC Class Class 
IDEL FOR INNOVATION 1&23&4 

IN-HOUSE 

R&D64 

MD & Board & others 23 
Marketing & Sales 12 

EXTERIM 61 

15 10 

TABLE 3.6 SOURCE ROTHWELL 

Rothwell's study has pointed to two important elements to be considered 

when examining the in-firm adoption process: - 

the need to define the type of innovation under study 

(ii) the need to separate the origin of the innovation idea 

from the subsequent innovation idea - solution 

A study along similar linesq although not as well documented, is Little's 

investigation of 264 new industrial projects in Canada (3-89). He found 

that the assessement of a market need was the largest single category 

of 'triggering circumstance' (to develop an innovation)v representing 

at least one of the dominant factors in 40o of the projects studied; 

30% were triggered by cust=er request and 

17% were copied/modified from competitors' products 

leaving approximately 9% triggered by internal R&D. 

He did make some attempt to classify the types of innovation studied: 

for example he found for 91 projects firms already had sufficient level 

of technoloV to proceed immediately (due to past projects with related 

technological aspects) but he did not directly relate type of innovation 

to triggering circumstanceq nor triggering circumstance to source of 

innovation idea-solution. 
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IVNOVATION AITD ORGANISATIONAL STRUCTURE 

When innovation is attempted within the ccnfines of an crganisaý 

tion it is appaxent that an adequate understanding of the process requires 

examination of the context in Which it occurs. The relationship of 

innovation w±thp and its impact of consequences (both intended and un- 

intended) upon contiguous activities and functions Within the oreanisa- 

tion axe crucial to its success; and =ndorstanding the natum of these 

relationships becomes mandatory to understanding the nature of the 

innovation itself. These relationships can be investigated using a 

systems approacla. As Scott states "the distinctive qualities of modern 

organisation theory axe its conceptual-analytical base, its reliance on 

empirical research data ands above a119 its synthesisineg integrating 

nature. These qualities are framed in a philosophy which accepts the 

premise that the only meaningful way to study organisation is as a 

system" (3-0,0)- 

Early writers tended to consider organisations (and departments within 

such organisations) as tclosed systems': the unit of study being self- 

contained, dependent upon no outside-the-system influence. More recent 

studies tend to have an 'open-system' approach where interactions provide 

meaningful data for explaining the degree of propensity to innovate 

(3-91)- Whereas the closed system is seen to have rigidq impenetrable 

boundaries, the open system is seen to have permeable boundazies between 

itself and those systems to which it comes into contact (3,92). The 

boundary constitutes ab arr ier to many types of interaction between 

people inside and outside any particular system, but it includes 

facilitatihg devices, both formal and informal, to allow some informa- 

tion flow necessary for organisational functioning (3-93)- 

A reference needs to be made to a distinction between the formal and 

informal structurcs in an organisation, The formal struct= e is seen 



log 

to be planned and typified by the hierarchical lorganisation chart' 

illustrating both horizontal and vertical relationships between 

personnel. Yetv in addition; further social intereaction does occur 

which is not prescribed (and may not be condonedl) by the formal 

structure... this is referred to as the organisation's informal 

structureeoettrefers to those aspects of the system that are not for- 

mally planned but arise spontaneously out of the activities and inter- 

actions of participants" (3-94). These two structures are totally 

intermeshedg'functionimp- in parallel, yet as will be suggested, not g 

necessaxily orientated towards the same (organisational) goals. 

Knight gives a number of examples of how power exerted through the 

informal network can affect innovation (3-95)- He mentions the 

formation of what he calls 'cohort groups' of members within depart- 

ments or across departmentsv who hinder or assist projects. This view 

is supported by Cyert and March who suggest that all goal-setting is 

determined through inter-depaxtmental bargaining (3.96). Such bar- 

gaining-is only one step from 'political aligrments' which may affect 

future innovatory behaviour* 

Knight also suggests that the very inflexibility of the formal structure 

might aid the innovatory in that he may be able to move a project along 

"out-of-sight' of his political opponents until it is too late for 

them to reverse the projects progress. However, such political 

manoeurverings unintended consequences may be to strengthen future 

cohort group reaction* 

Por the reseaxcherg thcse formal and informal boundaries or interfaces 

as I shall-refer to theml axe not always easily definable and tend to 

be determined primaxily by the functions and activities of the 

organisation, 

The basic premise of early writers on orginisation was that fi=s (the 
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personnel) were motivated by economic criteria - if an innovation was 

for the 'Good-of the firm! then it be adopted by the personnel in the 

firm. 

Later writers have questioned the reification of the firm in terms of 

identifying a unidimensional goal tied to economic criteria - profit 

ndximisatiorr(3-97)- What has been seen to exist is a copiplex plural- 

ity of goals within an organisationp and within departments - because a 

firm is an organisation of people* To determine a firmts propensity 

to innovateg the researcher must concentrate not only upon the arm's 

physical resources (including the resource Ilabour'), but also the 

more emotional aspects of human behaviour. Argyris suggests that the 

needs of-! he individualg which usually manifest through informal 

relationships, tend to be incongruent with the maximum expression of 

the demands of the formal organisation (3-98)- 

For example, departments (and functionalareas) develop their own 

social structurest which may be openly encouraged by the firm by 

delineaýing titles IT &D Flanager'19 ITIarketing Ylanager". or by friendly 

inter-depaxtmental rivalry - sports/social occasions, or perhaps as the 

result of the particular members backgroundsq experiences - scientist,. 

operational manager etc* 

For purposes of discussionj the system considered is the firmq depart- 

ments such as Marketing, R&D. etc will then constitute the various 

sub-systems. Kast and Rosenzweig suggest that the firm, seen as a 

system, will consist of two types of mechanisms' : - 

(i) 'maintenance mechanisms' - which seek to ensure that the 

various suý-systems are in-balance; by definition these (depaxtments/ 

managers) will be conservative and so likbly anti-innovatory (3-99) 

and 

(ii) 'adaptive mech I- provide a dynamism in the firmq 
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which changes over time "(they) develop in organisations to generate 

appropriate responses to external conditions" (3-100). It is Suggested 

that it is these mechanisms which allow the firm to respond (or initiate) 

to changing internal and external reqýiirements* 

Industrial technological innovation takes place within a formalised 

structured system* The role of the fo=a1ised structure and the pre- 

vailing informal interpersonal networks is greatly affected by what is 

known as tor&-anisational climate'* Tagiuri and Litwin define 

organisational dimate as follows: - 

"a relatively enduring quality of the internal environment of an 

organisation that is - 

(i) experienced by its members 

(ii) influences their behaviour (and so tends to perpetuate 

the climate) 

(iii) can be described in terms of the values of a particular 

set of characteristics (or attributes) of the organisatinn" (3-101)- 

By lorgailisational climatet the suggestion is that the in-firm (and also 

extra-firm) enviroment is interpreted by the members of the organisa, 

tion to have a certain quality to which they axe sensitive and which, 

in turn, affects attitudes and motivation. However what is actually 

interpreted may well differ'between, participants within the systeml 

A mmber of writers have stressed the importance of organisational 

climate-in the innovatory process. Ford maintains 11organisations, like 

individuals, develop climates of attitudes, habits and work patterns. 

The sum total thrust of these creates the coýnpanyls orientations and 

coincidentaiiyp its character and personality" (3-102), He suggests 

that a firm will polarise to either a. climate positively orientated 

towards receiving new ideas ('opportunity o--iented') or to a climate 

ge 
(which Ford calls tproblem, oriented'). actively discouraging chang 
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Kettering in his paper to the U. S. Senate implies the role of climate 

when he states "the greatest obstacle couroe in the world is trying to 

get a new idea into a factory" (3-103)- 

Fast relates structure and size of organisation to climate when he 

concludes "the environment of a large corporation is not conducive to 

creating, recognising or commercialising innovative new products" (3-104). 

A point seen to be in agreement by Caves ... "the large firm with market 

power may be able to sustain a large scale and extensive development 

investment. But the small firm often seems more congenial to generat- 

ing new and truly novel ideas" (3-105). 

Mansfield's research of nineteen laboratories in the U. S. A. suggests 

that receptivity (and so effectiveness) of the R&D function is affected 

in part, by the organisational climate.. "there is a very high correla- 

tion between the general effectiveness of a firmts R&D establishmentp 

the quality of its R&D management and the receptivity and orientation 

of top management to R& Do" (3-106). 

Baker suggests that the prevailing climate will affect the willingness 

to be innovative in that this climate will manifest itself in the 

organisation's structure (3-107)- 

Some evidence is available to suggest that the climate and structure of 

an organisation is related to the period of history in which it was 

founded. 

Stinchcombe suggests that firms founded during the nineteenth century 

differ considerably from t1nir twentieth century counterparts o 

"extensive staff departments made up of professionals trained in 

colleges aýa universities do not appear in industries founded before the 

twentieth centuryt while practically all industries whose organisational 

forms were developed within this century have extensive staff depart- 

ments" (3-108-) He lays stress to the fact that even though modifica- 
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tions are made over time organisations seem to retain a strong flavour 

(climate) of their original form. Certainly historical dependence upon 

technical competence in design and production (viz. 'Product orientation') 

has encouraged the perpetuation of a situation whereby technical staff 

]have performed the function of both determining customer needs and 

also translating those needs into products. Structures ham therefore 

developed where technical sales have been regaxded as an offshoot of 

design ... "technological expertise is considered by managers to be the 

main asset and competitive advantage which an eng gineering company possess- 

es" (3-109)- 

Chandler's intensive study of a number of major U. S. firms (Da Pont, 

General kotorsg Standard Oil, Sears Roebuck) does suggest that structures, 

reacting to changing market/environmental conditionsp do changep albeit 

slowly. What is not fully clear from his work is the degree of climatic 

chnnge that preceded and followed the structural change (3-110)- 

Daniel reports that in a thrae year period at least two thirds of the 

U. S. top 100. industrial companies reported major organisational re- 

alignments. He too fails to explain the reasons why and the consequenc- 

es arising from the structural change (3-111)- 

Often the question is posed as to the relationship between size of 

organisation and propensity to innovate. Namelyj are larger firms more 

innovatoryý? Whilst the evidence is not conclusiveg a number of 

respected studies do suggest that the opposite may be true. Before 

presenting these studies it is necessary to seek clarification as to 

what is meant by 'size' when discussing propensity to innovate. Con- 

fusingly,, ýLters have not always been clear as to whether they are 

considering: - 

(i) absolute size of fi='(eg number of employeest capital assets) 

(ii) size of firm relative to its competitors, (eg market share, 
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comparative production output). 

(iii) absolute size of the R&D budget 

(iv) size of R&D budget relati-m to competitor spending 

(v) size of R&D budget relative to other resources commitments 

within the firm (eg percentage of gross turnover spent on R&D etc) 

A number of studies substantiate the view that there is no strong 

correlation between scientific and technological productivity, or 

innovative capability and corporate size (3-112) 
... "more than 801/6) 

of brilliant, creative invention comes from individual inventors or 

from inventors with their own companies" (3-113)- 

Roberts provides data from a number of US studies to substantiate 

this claim (3-114) Table 3-7) 

SOURCES OF 

KEY 'US INNOVATI NS 

NO. FROM 

MAJOR FIBMS 

NO. FRGI 

SMALL F7RMS/INVTIITORS 

Jewkes general innove 50% *> 50% 

Hamberg postwar imove 

Peck aluminium 6 

Hamberg - steel 4 7 

Enos - petroleum 0 7 

[_ Table 3-7 

Further evidence is provided by Layton and othevs who conclude : 

"the best conditions for innovation are often found in small companies, 

where communications between development, production and ma keting are 

easy and objectivet with strategies to implement it, can be 

understood by all concerned" (3-115)* They give several exampless 

the world's first electronically controlled knitting machine was 

developed by a German firm (Franz Morat) employing only 450 people* 
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Also the Wankel rotary engineg hailed (in 1968) as being the most 

radical innovation in car engine design since the beginning of the 

centuryq was turned into a viable ccmmercial proposition by NSU (1958). 

a motorcycle firm employing 6,000 people, small by the standards of 

the motor industry. 

Apparently, in contrastj a TK study seems to suggest a strong correla- 

tion with size of fim (3-116) (Table 3-8) 

sic 
INDUSTRY -PERCENTAGE SHARE OF TMIOVATIONS 

CLASSIFICATION LARGE HEDIUM S14ALL 
FIFUMS 

1000 + emp) (200 - 999) 0- 199) 

Gas 93 7 0 
Cement 100 0 0 
Steel 96 4 0 
Dyes 86 14 0 
Aluminium, 100 0 0 
Paper & Board 50 30 20 
Motor Vehicles 89 7 4 
Food 75 17 a 
Coal 100 0 0 
Plastics 94 2 4 
Glass 100 0 0 
Textilei3 79 11 10 
Shipbuilding 96 2 2 
M/C tools 86 3 11 
Scientific instraments 6o 12 28 
Electronics 86 6 8 
Aerospace 98 2 0 
Gen. machinery 67 16 17 
Textile -. - 42 35 23 
Construction 55 33 12 
Timber & Furniture 22 39 39 
Leather & Footwear 54 20 26 
Pharmaceuticals 98 2 0 

TABLE 3.8 MIARE OF INNOVATIONS IN THE Ti. SINCE 1945 BY LARGEp 
XMIJI-1 AIM S14ALL ENTERPRISES 

What is not clear is the relative sizes of firms quoted in the 

finding-sl For exampleg axe there only 'large firms' (as defined above) 

in the aluminiumg glassq cement industries? Certainly the author's 
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own experience of the Leather and Footwear industry which has a wide 

span of sizes of firm is substantiated by the span of innovations 

illustrated in Table 3.8- 

Layton and others (3-117) do accept that large companies should possess 

physical resources advantages for innovation over their smaller counier- 

parts, namely 

1. resources to finance large scale development (eg nuclea-r 

power). 

2. resources Ibr marketing 

3- financial respectability in the City 

4- possible ability to attract high calibre personnel. 

They give r. e veral supportive examp"Les : 

1, Although Philips and Nullard failed in the 1950's to enter the 

silicon semi-conductor business (ie integrated circuits)l their size 

and resources enabled them to regain some competitive position 

2. In developing colour television, RCA spent over $100 million on 

its system - 

3, General Electric and Westinghouse were able to finance nuclear 

power development (in the USA) using own funds9and also were able to 

withstand early yeaxs of no profit. 

More recent studies have upheld the claim that large size of fi= is 

not necessarily contributory (and as shall be suggested may be countem- 

productivel) to successful innovation. The WPHO projects (3-118) 

suggest that 'size of firml does not emerga as a good discriminator of 

a successful innovatory firm. Rather than sizep what was seen as having 

some beariýg was the size of the project team. 

Even on the point of size of R&D budgets there is some contention* 

Professor Lord Blackett, President of the Royal Society, is quoted by 

Elwart (3-119) as suggesting that an R&D team needs to spend E30000 + 
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per year to be an effective force in a companyp which, in passine should 

be no more than 50c, O of company turnover. 

Yet the stu(ly by Iýrers and Ylaxquis of successful commercial innovations 

in five industries in the USA showed that 65% of the innovations cost 

less than X1009000 from concept to maxket implementation (3,20). Table 

3-9 illustra; es I. 

COST OF MAJOR 

INNOVATIONS 

NO % 

less than ý25000 187 33 
$25000 - $100000 180 32 

X100000 im 132 23 
$ im + 68 12 

I TAILE 3-9 SOURCE IrlYMS & MARQJJIS 1969. 1 

One suggestion for the apparent controversy seems certain to be lack 

of definition as to what is being measuredl that isq clearly defining 

in operational terms tsize', It is as well to note a point of interest 

in that the SAPPHO project does suggest that of even greater importance 

than size of firm and size of R&D budget, is the firm's positive 

commitment to innovation. 

Business organisations characteristically are structureddemonstrating 

a high degree of task specialisation (3-121). Task specialisation. 

occurs both verticallyl as represented by the organisational hierarchy, 

and horizontally thmugh departmentalisation. 

Parsons identifies three hierarchical managerial levels in business 

organisatibns: - 

(i) technical/production level 

(ii) managerial level 

(iii) institutional level (3-122) 

The technical system is involved with the actual task performance in the 
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organisation; the carrying out of innovatory decisions. 

The second level, managerial (organisational (3-123))t coordinates and 

integmtes the task perfo=ance of the technical systems whilst the 

third levelt the imstitutionalt is involved in relating the activities 

of i. he organisation. to its environment (businesss society etc). 

Petitq using Parsons' typology, identified the different types of 

manager necessary to operate at these thnee levels (3-124). He suggested 

classification of manager-type could be made in terms of: - 

the task performed 

viewpoint 

techniques employed 

time horizon 

and decision-maldng strategy. 

Figure 3-10 illustrates: - 
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Although Petit offers a useful tool for identifyinp, differences between 

levelsq his work suffers from the failure to identify possible differences 

within levelso Certainly studies to be presented do not suggest 

homogeneity of viewpoint and time horizon within the same level (3-125)- 

Turning to size of firm and organisation flexibility (in its structure)t 

there is a general view that as organisations increase in sizet the 

number of administrative personnel increases more than proportionally 

(3-126), "As an organisation grows in sizep exploiting its initial 

innovation, it finds it must have managers with administrative skills to 

ensure the organisation is efficiently and effectively run as the profit 

margins narrow and the product matures. For the most part innovators 

are poor administrators. Therefore management tends to become more and 

more administrative in chaxacter as it grows, relegating the innovators 

to relatively low positions and so frustrating them that they leave the 

organisation" (3-127)- A view supported by Thompson who maintains "it 

has become commonplace among behavioural scientists that the bureaucratic 

form of organisation is characterised by high productive efficiency but 

low innovative capacity" (3-128), 

A bureaucratic organisation is said to Imonocratic' (3-129), 

Each person is seen to receive from and be responsible to only one other 

, 
person, his superiorl and so on up the hierarchical structure of-he 

organisation; therefore there is only one point or source of legitimacy 

for direction of effort for each individual (that person immediately 

above him in the hieraxchy). Therefore conflict cannot be legitimate. 

Yet this inability to legitimise conflict which is seen to depress 

creativity. and innovatory ideas. "It is conflict that generates prob- 

lems and acertainties and implies pluralism in the search for 

solutions" (3-130)- Generally speaking a bureaucratic organisatim is 

conservative. Novel ideas are likely to appear tl=eatening. Studies 

suggest that those managers having a 'bureaucratic orientation' (and 
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therefore those most likely to survive and sustain a bureaucratic 

orCanisation) axe more concerned with the internal distribution of power 

and status than with generating new ideas (3-131). And where change 

does occur it will tend to be that form least disruptive to the 

bureaucratic system. 

The most typical form of task specialisation and bureaucratic form of 

management structuring is the traditional dema cation between 'line' 

and 'staff' managers. The Line Manager has direct command over 

authority and is concerned with the operational functions of. the businesst 

- the Staff Manager (eg the R&D Manager) is seen to perform an whilst 

advisory roleg concerned only with supportive activities. Etzioni does 

suggest that in certain types of organisational systems (eg research 

laboratories, universities) the roles of line and staff may be found to 

be reversed ... "in so fax as such distinctions apply at all (the roles) 

axe reversed. Although administrative authority is suitable for the 

major goal activities in private business, in professional organisations 

administrators are in charge of secondary activities; they administer 

tmeanst to the major activity carried out by professionals" (3-132)* 

What is important to note is the perception of these roles by the 

managerial participantst the status and consequent prestige attributable 

to these roles. These points are raised and discussed later in the 

text. The organisational structuring, by task specialisation, into 

definitive line and staff departments can seriously affect the genera- 

tion and communication of technological innovation (3-133)- 

One further point bears mentioning here and that is the centralising or 

decentralis; Lng of the organisation. With specific regard to the 

centralising or decentralising of the R&D function attitudes to which 

structural form performs the most effectively9seems split. Bell Telephone 

Laboratories perform all the technical work on research and developmentl 
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design and systems engineering for all the Bell operating organisations. 

This highly centralised approach is less favoured by other giant 

corporations such as Du Pontp General Electrict Westinghhouse, ICI 

and Dunlop who all demonstrate degrees of decentralisation, arguing that 

a centralised research function can become too easily detached from the 

Irealitiest ;f the operating'functions to which it is serving 

., 
ht to relate organisational structure to propens- Some writers have soug 

ity to innovate. Essentially all identify two polarised structures: - 

(i) Mechanistio/Traditional/Bureaucratic 

(ii) Organic/14odern/Adaptive (3-134). 

The mechanistic stnictuxe is seen as appropriate to stable conditions 

and is seen to be less likely to generate or be prepared to assimilate 

innovation, whereas the Organic type is seen as appropriate to changing 

conditionsv which give rise constantly to fresh problems and unforcseen 

requirements for action which cannot be broken down or distributed along 

the functicnal roles defined with a traditional hierarchical structure 

(3-135)-. ýhompson makes two supportive comments "the innovative 

organisation will be characterised by structural looseness generally, 

with less emphasis on na=owp non- duplicating, non-overlappinG defini- 

tions of duties and responsibilities" (3-136) and "an adaptive (organic) 

organisation may not be innovative because it does not generate many 

now ideas but an innovative organisation will be adaptive because it is 

able to implement many new ideas (3-137)- 

Aiken and Hage regard organic organisations as being built around the 

contributive nature of special knowledgel adjustment and continued 

redefinition of individual tasks and network structure of control. 

Authority and communicationg importance and prestige axe attached to 

affiliation and expertise (3-138)- Whilst in reality neither of these 

'ideal-types' will be so fully manifest in an organisationj it is 

likely that a firm will be seen to typify one of them structural forms 



123 

and moreoverl within the firm possibly various sub-systems (eg depart- 

ments) will demonstrate particular typing-tendencies; so that communica- 

tion between sub-systems is seriously impaired. 

Recognition that increases in size of organisation can inhibit techno- 

logical innovation has led a number of larger corporations in the US 

and UK to rethink the form of structure most conducive to the task. 

The outcome has been the implementation of. a more organic structure 

usually referred to as Ventuxe Team Management (even a New Ventures 

Department). ' Some writers argue for a separatist structure altogether.. 

"the search for innovation needs to be organised separately and out- 

side the managerial business" (3-139)- Others call for groups (teams) to 

take on the responsibility of innovation ... "the underlying principle 

is ... to place development of new product maxket position into an 

innovation group e.. on a project basis. The group remains responsible 

for the project until its commercial feasibility has been established" 

(3-140)- 

Essentially ihe aim is to impose an additional horizontally linked 

depaxtment (or team) comprising of a variety of managerial skills 

from vaxious departments who would not otherwiseq within the more 

traditional stracturep be in a position to work closely together. 

Venture teams' composition, by definition, are multidisciplinary; as 

Hill and Hlavacek found "venture team participamts were from predomin- 

antly- technical areas such as design enginee-ringg application engineer- 

ing, productiong maxketing rosearch and finance" (3-141). 

Fast (3-142) argues for venture teams based on three rationales: - 
(i)-'It creates a centre of responsibility for new business 

to assure it receives sufficient attentiono "A past mistake has been 

placing innovative activity under managers whose major responsibility 

is a traditional activityq and for whom the innovative venture is a 
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minor thing" (3-143? - 
(ii) it provides an organisationalclimate and structure appropriate 

for new business development. "The new venture department serves as an 

organic enclave within the more mechanistic parent organisation" (3-144). 

(iii) it can insulate new business development from the values and 

norms of dayZto-day businesse "It is often said thatthe creation of a 

new unit is the only way to secure innovation that is not excessively 

bound and hampered by tradition and precedent" (3-145)- 

Popularity of venture teams (in various forms) began around 1965 (3-146); 

by 1970 twenty seven of the hundred laxgest, US industrial corporations 

were practising venture management (3-147)- In 1973 Vesper and Holmdahl, 

studying those companies among the top one hundred US companies that 

had won national technological awards (similar to the UK Queens Awaxd 

for Technological Innovation)j sixtyfive used venture managementq and a 

further nine were planning to do so (3-148). 

The venture teamp being neither a traditional staff nor line function, 

but a hybrid of the two, exists in a form of 'structural disequilibriumt, 

with forces pulling it towards becoming either a full-time staff research 

function or a full time line operating functicn. Past points out that 

whilst the average life span of teams operating between 1960-1969 was 

4 years, those similarly operating between 1970 and 1975 the average 

life span was down to 1ý- years; he offers no fully reasoned explanation 2 

for this fact (3-149). Nevertheless, the existence of the 'organic 

enclave$ in a mechanistic structure must create structural stress; both 

from staff functions who resent the intrusion of an (elitist) group into 

their traditional planning domain, and from operational line managers 

who might resist new ventures of which they have had very littLe involve- 

ment in the earlier stages of both production and ma keting, development. 

It is not so much that the venture team cannot satisfy its brief 

(although here it mij#t be dopendent upon inputs fraa the mechanistic 
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structure) which are not forthcoming, but rather the transition of its 

output into the firm's dayý-to-day business. 

Whilst Hill and Hlavacek suggest "the venture team offers a practical 

alternative to the traditional structure of the corporation"(3-150). there 

still remains the need for more research before their claims can be sub- 

stantiated. 

As organisations grow and developq so they take on additional functions 

which gravitate towards task specialisation through the establishment of 

line and staff departments. The organisation becomes unreceptive and 

structurally inflexible to those demands (including innovatory demends) 

which are deemed deviant from the day-to-day business. Where creativity 

(through conflict) is not encouraged those creative persons leave the 

organisation and in doing so reinforce the rigidity of the mechanistic 

structure they leave behind* In terms of studying the innovation processq 

this is the structural dilemma for larger organisations (3-151)- 

Attention now turns to those communication processes aiding or resist- 

ing inn9vation within the firm, which are facilitated by the existence 

of both formal and informal structures, 
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3.5 THE R&D: 11ARKETIVG INTERFACE 

An 'interface' has been defined as "a common bound-axy 

between systems" (3-152). Chemists and chemical engineers have 

developed a fairly well-structured and useful body of knowledge about 

the transferýof materials and endrgy across an interface (3-153). A 

typical transfer situation is represented in Figure 3-5 below: - 

ii 
SYST? 44 A 

direction of 
transfer C 

: ýP 12 

SYSTRI B 

direction of 
C transfer 

12 

cl C2 

II 

FIGURE 3-5 A GEITEMISED REPRESMATION OF MASS TakNSPER 13-'-M-TMT 

TWO SYSTE27S 

Heref there are two systemsq A and B. The boundary between them is the 

interface i, - i1o Each of these systems contains elements of 

substance C. with the higher concentration of C, C,, being in A. and 

the lower concentrationj C29 in B. The physical laws describing the 

transfer situation show that the direction of transfer is from the 

system in which C is most concentratedp Al to that in which it is less 

prevalentl B. Theoreticallyl C will continue to flow from A to B until 

a1=C2; 
-ýthe assumption being that for this equalisation process to 

take place, at the interface 11-11 the concentration of C is the 

same (ie C 12 ý'- c 12)* 
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Berenson has used this approach to present an industrial model using 

three related systeM3: - (Figure 3.6) (3-154). 

R&D Dept. i 

direction of 
transfer 

C1 --)1 

C 

Marketimm Dept. 12 Mt. Place. 

direction of NEW PRODUCTS 

transfer 

C2C3 

C 12 C2C 23 

2 

FIGURE 3.6 :A GMTEMISED REPRESMITTATION OF THE TRANSFER OF R&D 

RESULTS INTO PRODUCTS TO THE MA. RF-"PT PLkCE 

In his modelg the direction of R&D results move from the reGion of its 

highest concentrationj C19 to that of its lowest zone of concentration, 

C 3* In doing sop movement takes place across the M-iTketing Department 

(system), which has an 11R &D results" concentration, of C 20 Theoretically 

C (ie R&D results) will continue to flow across the interfaces 

11- il, and '2 - '2 until C, "ý C2 "ý C3 (3-155). This model shows 

only the flow of technoloigy across two systems, before reaching the 

maxket place; it should be recognised that a multiplicity of inter- 

faces do existv within a particular system (namely vertical flows) and 

between systems (horizontal flows - eg R&D and Productiong Marketing 

and Accounts etc). 

Howeverg evidence is to be presented which suggests that in reality, 

in industrial systemsp the flow across system at the interface does not 

always approach the theoretical state C1=C2 ('0 C12 = C12)* 

In facts common usage of the term 'interface' in this area implies 

restrictive flow of communications* 
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Concentratir4g, attention upon the R&D: khrketing Interface two general 

reasons are suggested why there often occurs this restrictive flow of 

R&D ideas. One is the often spatial distance between departments, but 

the other is deemed to be present no matter how close the proximity of 

these departments. This second reason is attributed to 'different value 

structures'"In the two systems. - 

It has been suggested that different value structures and business 

orientations exist between the technical (scientific researcher) and 

operational. (eg marketing) manager. One attitudinal. survey carried out 

concluded that o. o. "in our research amongst R&D managers, it is clear 

that the work itself is the prime factor of importances but having that 

job in their present organisation is of least importance" (3-156). This 

was in sharp contrast with the attitudes of marketing managers, who 

identified closely with their organisaticno 

Koore and Renek suggest that the values of business are rejected by many 

technologists; they found that entrepreneurial interests sometimes came 

into c6nfliot with tID broader field research interests of research 

personnel ** even to the point where the researcher often gets the 

notion that he is 'prostituting' himself for commercial ends (3-157). 

They found large numbers of qualified research workers enter R&D 

departments directly from universityg where their studies have been con- 

centrated into one subject discipline for as long as seven or eight 

years (at Ph. D level); they were likely to relate their career goals 

to advancement in their own particular disciplines rather than with the 

attainment of corporate goals of profitability. 

Barnes fouzfd .., "very briefly the findings (of his study) question the 

usefulness of management orientations which stress profits, productivity 

and practicality to the exclusicn of other values. Organisational 

valuesl according to the findings of this studyp may be over-stressed 
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and self-defeating in technical grcups" (3-158) 

Parmenter and Garber have examined the self-percepts of creative people 

(3-159). American zoientists in universitiess industry and goverment 

services, deemed by their colleagues to be 'highly creativelt were asked 

to rank 10 factors according to their importance in enhancing the 

creativity of an organisation the findings were (Table 3.11): - 

RANKING FACTOR 

I Freedom to work on a--eas of greatest interest 

2 Recognition and appreciation 

3 Broad contacts with stimulating colleagues 

4 Encouragement to take risks 

5 Tolerance of non-conformity 
6 Monetary rewards 

7 Opportunity to work alone rather than in a team 

a Creativity training programmes 
9 Criticism by supervisors or associates 

10 Regular perfonaance appraisals 

TABLE 3-11 

These findings help to substantiate similar earlier work by Kaplan 

and by Gerstenfeld (3-160). 

Steele suggests that it is these value barriers, whichg polaxising 

through the individual's maturation processp provide the most impene- 

trable barrier to communications across the Marketing :R&D interface. 

He feels these differences are manifest in three forms: - 

(i). Iin attitudes to time scales' - perspectives of time scales 

are seen -Fo differ betwee*n the researcher and the operating manager. 

To the scieptistq research cannot be hurried, put into time limits, 

or necessarily short cuto whilst the operating manager constantly talks 

in terms of 'target dates'. 
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(ii) 'action versus knowledp 

.. el - due to his training and develop- 

ment, the scientist will not act until he 'understands' the phenomena 

under investigation, whilst the operating manager is frequently called 

to make decisions (le take action) given a situation of 'incomplete 

knowledge'. 

(iii) Iýrofitabilitv versus*Imowled, -, eI- generally the operating 

manager tends to be more orientated to visible goals of the organisation 

(eg profitabilityp ROIj sales targets) whereas the scientist tends to see 

his work as part of the cumulative synthesis of scientific knowledge 

(3-161). 

Quinn and Mueller, ca. 1lin6 interfaces 'technological transfer points' 

state that "the key problem in research management to-day is getting 

research results effectively transferred into operations " (3-162). They 

go on to suggest that good co=unication flow across the interface 

requires the receivers (that isq the operating management) to have: - 

(i) information about the technology and 

(ii) enthusiasm for it. 

Yet, in reality one finds the two systems talking two distinctly 

differing languages* Zopporth, an executive with the Xerox Corporation, 

points to the confusion and misunderstanding that existed between his 

company's technical and operating managers (3-163)- 

Muse and Kegerreis call it 'status patois', which they define as the 

tendency to talk and write in a special language which is designed to 

limit communications to those 'outside' a controlled professional 

peer groupe The mystique so created then is preserved by rival 

systems to. 'Inaintain their status positions (3-164)- 

Two writers have collected evidence to support their claim of R&D 

Maxketing interface problems .... the findings of these reports 

appeared to constitute evidence of a serious failuve by marketing 
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management to involve itself in the research and dew lopment process, 

and by R&D management in understanding the functinns of marketing and 

the potential contribution that it has to make to successful innovation" 

(3-165)- 

Hanan certainly believes that this lack of involvement on the part of 

operating management is due to ignorance . ** IT &D has traditionally 

been treated with great deference if not outright permissiveness on 

the part of operating management. Some of this 'let them alone' attitude 

has no doubt been the result of management's lack of intimacy with the 

tools and techniques of R&D and, to a certain degree, of its awe of 

the scientist" (3-166). 

Catt feels it is the ttechnocrat' who is not understood ... "technologi- 

cally ignorant and hostile management" (3-167) are seen to be the blocks 

to innovation* 

Yet Muse and Kegerreis also found fzDm their study that "all too often 

there appears to be a lack of sensitivity to maxketing implications 

on the pbxt of the technical personnel involved" (3-168). 

This discussion of the barriers to communication at týe interface 

between 11arketing and R&D suggest that Berenson's model (as presented 

in Figure 3.6) needs closer examination if it is to be used to explain 

communication in industrial systems, His model illustrates "flows 

of R&D results" whereas what is needed is the tracing of the flow of 

innovation ideas (in particular the source of the idea) to explain the 

possible obstacles to adoption of that idea within the firm.., 

What is suggested is that interface problems between Marketing and 

R&D are aý'function of the source of the idea rather than the flow of 

results. As Figure 3-7 illustratesg a model can be presented showing 

two possible (generalised) sources of innovatory ideas, 

(i) ideas originating from research 
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and 

(ii) ideas originating from the market place 

I11 

R&D dept 

Flow(if idea C 

TYPE 

Flow of results 

le 1119 

TYPE 
ii 

Flow of results 

FIGURE 3-7 

Marketing Dept 

cc 
12 1 23 

Ic 
12 <c 23ý 

Market Place 

1 
23 

6 Flow of ideas 
23 - 

2 

A GENERALISED REPRESENTATION OF THE FIOW OF INNOVATORY 

IDEAS & FLOW OF R&D RESULM BETWEEN RESEARCH, 

IMPRETING & THE DUM-2T PLACE 

The former source - Type I in Figure 3-7 - is generally considered to 

be Technology Push, whilst Type II is called Market/Demand Innovation 

Pull. Resistance at the two interface points shown 11-11 and (1 
2-1 2) 

are seen to differ when considering the two sources of innovation. 

'3 
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3.6 MMUCATIONS, STRUCTURE & INNOVATION 

The process of communication consists of four basic 

elements : see Figuxe 3-8 

SMER 

ENCODER 
II 

DECODER 

RECEIVER 

Figuxe 3-8 SDIPLIFIED MODEL OF 

CODIKUNICATION PROCESS 

A message from the Sender, may or may not need Encoding and Decoding 

before reaching the Receiver in a form understandable to the latter. 

The Action that the Receiver takes (albeit simply acceptance or rejection 

of -the message) will in t= modify the relationship and future 

communications that take place between Sender and Receiver. 

Research findings are presented which suggest that communication 

problems do arise between Sender- Encoder and Decoder-Receiver in 

business organisations. 

In terms of considering the effectiveness of a communication, the 

researcher needs to be aware of three interrelated elements (Figure 3-9) 
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IMSSAGE 

SOURCE RECEIVER 
(SENDER) 

COK[, lUNICATION 

CHANNEL 

FigLuce 3-9 COM[=, CATION =ECTIVENESS MODEL 

For the Receiverg not only must the message be ImemUngf-ull to him (as 

outlined in Figure 3-7) but also the source of that message must be 

credibleg as must be the communication channel used. Often departments 

look favourably or unfavourably towards communication from other parts 

of the organisatione "The appeaxance of the creative process, 

especially in the early stagesp poses a problem to administrators. 

Up to a pointq it may be hard to distinguish from totally non-productive 

behaviourg undisciplined disorderg aimless rambling, even total 

inactivity" (3-169). 

Cunningham and Hanmouda found in a number of engineering firms 

'%any top managers consider that economists and statisticians are rarely 

found to be the best persons for managing market research operations 

for highly technical products because of their lack of understanding of 

technical matters *,, *. they seek the info= tion from elsewhereq and the 

technical departments are asked to perform some of those functions 

normally classed as market research activities" (3-170)- 

Just as credibility of the-source of communication can affect its 

receptiviiiq so can the channels used to convey it. Communications will 

flow from Sender to Receiver via formal and irSormal networks (3-171). 

In practice many of the types of communication - technical reports, 

memoranda, letters, conferencesl symposiaq coursesg seminars, visitsl 
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phone callsq temporary assiL=ents, casual interactionag tbusiness chats 

over dinner' and so on tend to operate at both formal and informal levels, 

It is not the channel/method of communication used per seq but the 

Receiver's perception of it that affects the action taken regarding the 

message. Informal channels may be no more persuasive, in fact less so 

in bureaucra; ic organisationsg than the more formalised, hierarchical 

communication networks. 

There exists a number of empirical studies which indicate a positi've 

relationship. between good and efficient com: mniication and successful 

industrial innovation (3-172). Booz, Allen and Hamilton found that 

organisational problems were cited by more than 60% of the com=nies 

they surveyed as a major cause of failure of innovation; and of these, 

over 60c. cý attributed failure to a combination of :- 

(i) Obscure definition of responsibilities 

(ii) Failure of organic and fum tional liaisons and relations 

(iii) Communications (3-173) 

- all alements of poor o3zganisational communication networks. 

These findingsl and othersq do illustrate the close intermeshed relation- 

ship that exists between organisational structureq communication net- 

works and what is communicated. In small firms the transition of 

innovation to eventual commercialisation is often carried out by the 

same person or small group of people, so that communication problems are 

minimised. One can identify a continuity of project enthusiasmg no 

(technical) language barrier, and a commitment to the pr6ject. For 

the larger firm, transition of ideas is certain to necessitate formal- 

ised comnuAtcation between specialised functions wherev as Steele points 

out it is true that ineffective efforts in trying to introduce 

innovation can create strains and severely disrupt relationsUps in 

other aspects of operating the business" (3-174). 
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Morton studied the implications of interaction between physical and/ 

or spatial relationships on the one handq and organisation relation- 

ships on t'he other in influencing adoption of innovation by the various 

functions (3-175). His work-, known as 'barriers and bonds theo-71,, 

suggests that both spatial relationships and organisational relation- 

ships can act as either lbarrierýl that impede transmission of informa- 

tion, or 'bonds' that facilitate transmission and reception of inform- 

ation. For examplep close proximity can provide easy interactions and 

so spread enthusiasm to all those directly involved; a facet stressed 

by advocates of integration of Research & Development into the day"to- 

day business of the firm, Morton suggests the existence of a further 

bond which exists between members of the same organisation vis a vis the 

more difficult task of cooperating between organisations. Nevertheless 

researchers have identified the weakness of a unidimensionality of 

corporate goals perspective* 

Likert suggests "increases in functionalisa-tion make effectim co- 

ordination both more necessary and even more difficult" (3-176). His 

prescription for better communications was to use 'link-pins' between 

the various subsystems (eg departments) in the organisation (11 
.. to 

perform the intended coordination well a fundamental requirement must 

be met. The entire organisation must consist of a multiplep over- 

lapping group structure with every work group using group decision- 

making processes skillfully. This requirement applies to the function- 

al product and service departments. An organisation meeting this 

requirement will have an effectim interaction-influence system through 

which the rplevant communications flow readily; the required 

influence is exerted laterallyg upward and downwaxd-9, and the motiv- 

ational forces needed for coordination are created" (3-177) 

These 'link-pins' would be certain organisational participants who 

would be members of two separate groups/depaxtments and so serve as 
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the coordinating agent(Igatekeeper') between them. Likert does not 

fully examine the burden that might be placed upon both the individual 

(eg his loyalties and credibility in each group) and the administrative 

structure if such an idea was widely implemented (as he advocates) 

in the organisation. Howevers variations in Likert's cross-fertilisa- 

tion idea are presently manifest in organisations, for examplein the 

form of Hanagement 'Venture Teams' 

Steele offers an alternative view when he suGgests that communication 

can be improved using "two tools that are amenable to manipulation by 

the manager" (3-178). Namely 'money' and the establishment of "llat 

he terms tcommonalityl (3-179)- He suggests tmoney' should be viewed 

as a medium of exchange and so be used as a way of negotiating common 

equities and mutual in-Lerests in a particular research and development 

project. Money becomes the common denominator by which vaxious partiesp 

who axe potential participants in a transition of an innovation from 

drawing-board to the marketplaceg can indicate their true interest in 

it thui, negotiating for the support of a project is a way of 

identifying the extent of true interest on the part of the potential 

parties involved" (3-180). He is careful to qualify his viewq when he 

suggests that the ideacamot function unless the opportunities for 

providing support am relatively unfettered by company policy regarding 

the flow of funds" (3-181)- In reality his idea would be subject to 

structural inflexibilities and 'political-manoeuvering' between power 

groups in the organisation, so denegrating into a squabble over the 

actual division-of funds, whichg in itselfg becomes a barrier to the 

innovatiorx: -process. 

Steele also suggests that information flow can be enhanced by dis- 

tributing technical work and technical people in such a way that there 

is 'commonality of knowledoal and 'commonality of viewpoints' amongst 
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the personnel who participate in the innovation process 4poo "this 

commonality is indispensable in establishing adequate communication" 

(3-182) A view shared by Seidman "attitudes and behaviour depend 

not only on personality but role structure, and one way in which 

attitudes and behaviour can be modified is by shifting an actor from 

one role to Lother" (3-183) "our studies showed that an important 

factor in successful innovation is the transfer of information from 

development to production; and here we found that there is no sub- 

stitute for the movement of peoplep including highly qualified ones" 

(3-184)- Although these views are similar to that of Likert in their 

appeal, an inherent obstacle is the nature of the innovation itself; 

that is, the inherent level of technology in the innovation can pre- 

clude Steele and others prescriptive measures. 

There is a tendency for personnel to be less technically orientated 

the further the project moves away from the drawing boaxd towards 

commercialisationg so that technical concepts need to be $translated' 

into every day jargons The repeated encoding and decoding can result 

in message distortiong misrepresentation of the facts, with subsequent 

barriers to information flows Certainly a communication problem for 

the organisation is not to establish effective communication between 

'the experts' in a particular fieldt because this is likely already, 

but rather to ensure the diffusion of information they are seeking to 

generate to others who are not so expert. 

Whilst, in theory, commonality of interest, of values and of commit- 

ment to a project would enhance the flow of communications between 

departmentikýand interested parties, in realityl except in the smaller 

firm where these problems are nct so prevalent anyway, achieving Likert's 

and Steele's ideas may be more difficult. It presupposes an ability 

and a willingness on the part of personnel to be located at these 
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points of potential friction; and for these 'gatekeepers' to be 

accepted by those subsystems for which they are acting as informaticn- 

gatherers and information-dissemina-Itoors; credibility of information. 

source would be as vital as that information itself. Cunningham and 

Hammouda found ".. it is evident that there is a DLilure in communca- 

tions betweeý people of differeni backgrounds whereby technically- 

biased managers are unable to direct the activities of economists 

(ie operating managers)l and cannot or will not interpret the findings 

of economists into effective decisions"(3-185)- 

Ansoff and Stewaxt identify communication problems with th6ir dis- 

cussion of "downstream coupling" - "the extent to which lie success of 

the company's product introduction process depends on communication 

and cooperation between R& Dp manufacturing and marketing, which are 

further 'downstream' towards the customer" (3-186). They suggest the 

higher this couplingg the more they need,. for close interaction between 

departments. 

Johnsonand Jones identify three types of communication problem for 

the innovatory firm (3-187): - 

(i) Classification Problems : the determination of the importance 

each innovation-proposal ought to receive 

(ii) Coordination Problems : the assurance of continuity and 

cooperation in the evolution of the innovation from idea to 

commercialisation 

(iii) New Knowledpe : the provision of iriformation for decisions 

on products with which the company has had no direct prior experience. 

That is, the more 'disruptive type' of innovation, 

They suggestq using a matrix approachq whez the source of responsibility 

for inform tion flow lies. 

Figure 3-10 illustrates: 
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Johnson and Jones soupht to highlight sources of responsibility for 

iniating inform-ation for the innovation processq howeverl they do not 

suggest that at the very situation where chm., aes in technology and 

changes in operational management procedures axe most severe, and so 

from the matrix, joint-cooperation most necessary, how it will be 

actually achieved: 

For many writers of 'management' and lorganisation' theory the achieve- 

ment of 'effective coirzamicationt irnplies-devisinz.; an easier path 

through the system for the razemageirent goal (eg prcduct imovation). Q 

In practice the same structuxe and ccmmunication notworlks can be used 

by. the participants to re-, ist the management Goal. 'What is evident is 

that th3 nature and flow of information in an organisation is facili'llatcal 
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by the structure, but determined by the interaction of peoples who 

establish informal networks to assist or counteract communication 

through the formal channelso 

General diffusion research has laid great stress upon the role of the 

'opinion-leader' - 'gatekeeper' in affecting the flow of communications. 

Research in industrial innovation suggests that the role of the 

personally-committed (to the innovation) manager may be crucial for 

the firm seeking to innovatee These people I shall call 'Innovation 

Champions'. 
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3.7. M 11111TOVATTION CF-AlITIONI 

Twiss maintains "innovations do not happen, they are 

made to happen" (3-188)- Bat how are they made to happen? There is 

a gTowing evidence to suggest that the required catalyst for innovation 

is the presence of an individml who is prepared to commit his positicn 

in the organisation to further the progress of a particular project. 

One study found "all of the successful ones (innovations) had at least 

one able and. dedicated leader pushing them. No project was successful 

without such a person behind it" (3-169)- Knight sees this championing 

role as providing "the interface between the creative idea and the 

organisation .., the changD agent who introduces and carries out the 

new ideal' (3-190)- 

Chakrabartil investicating the role of these committed persons in the 

application of spin-off MkSA reseaxchg found that in sixteen out of 

seventeen cases where the spin-off research could be considered a 

co=ercial successp there was evidence of the presence of an innovation 

champion (3-191)- Table 3-12 illustrates his findings: 

NO. OF MORE 110. OF LESS 
SUCCESSFUL SUCCESSFUL 
INNOVATIONS INNOVATIONS 

NO, OF CASES 
WHERE TH25 PRESENCE 16 1 17 OF PRODUCT 
CIMIPIONS WAS 
IDENTIFIED, 

NO. OF CASES 
WHERE PRODUCT 1 27 28 CHAYLPIONS COULD 
NOT BE IDENTIFIED 

TABLE 3-12 SOURCE CHJAIMBARTI 

Several studies have highlighted the attributes of the "innovation 

champion". These are Presented in Table 3-13- 
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INNOVATI ON CHAMPION 
TTRIBUTES 

STUDY PERSONAL TECHNICAL POSITIOIN KNOýMEDGE 
CHARACTERISTICS E21014LEDGE IN OP MARKET 

COMPANY 

1, CHAKRABARTI Drive & agression technical seniority knowledge 
Political competence & knowledge of market 
astuteness of company 

2. ROBERTS Business person- Development 
ity developed oriented 
from favourable rather than 
home-enviroment Research 
Well educated oriented 
Aged axound 35 

3-EILOAW democratic & technical Senior but 
consensus seek- competence prepared to 
ing seek views 

of his 
fellows 

4-KNIGHT personal 
commitment to technical power to 
succeed. competence carry out 
Willingness to with project 
accept personal project 
risk to do so 

5-HILL engineering 
background 

6. amm seniority 

7. LANGRISH seniority 

&PROJECT SAPPHO enthusiasm technical responsibi- 
involvement competence lity status 

authority 

9, HUNGARIAN 
SAPPHO commitment technical 

experience 

1O*ROTh'dELL 
TextilegStudy seniority 
Machinery but 

consultative 

TABLE 3-13 IDEYFIFICATION OF INNOVATION CTW1PION (3-192) 

PROTULM BY TEN RESZkRCH STUDIES 
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One factor which emerges from a number of studies is that the 

individual - the innovation champion - must be committed to the project; 

"an individual who is intensely interested and involved with the overall 

objectives and goals of the project and who plays a dominant role in 

many of the research-enginearing interaction events through sow of the 

stages, oveAoming technical and organisational obstacles and pulling 

the effort through its final achievement by the sheer force of his will 

and energy" (3-193)- This involvement need not necessarily be struc- 

tured within the formal framework of the organisation. 

Chakrabaxti found the emergence of a 'product champion' (his termin- 

ology) to be "unsystematic and non-routineg which primarily-depends 

upon the individualls choice and initiative" (3-194). Even where 

innovation is more formally stracturedg for example within Vonture Team 

11amagement, personal commitment may still not be so forthcoming, because 

demonstration of this commitment is likely to involve the individual 

putting his personal status in the firm, and perhaps his entire career., 

at risk.. Identifying this point Schon suggests that the innovation 

champion "must be a man willing to put himself on the line for an idea 

of doubtful success **. * it is characteristic of champions of new 

developments that they identify with the ideas as their owng and with 

its promotion as a causeq to a degree that goes beyond the requirements 

of their job" (3-195)- 

Whilst a number of researchers stress this need for personal commit- 

ment# Roberts seeks to identify a clearer pictureq presenting an almost 

'ideal type' of the innovation champion (3-196); he is likely to be 

aged early6lnid thirtiesl well-educated to at least XSc level, with a 

home-enviroment where his fatherg being self-employed, has provided 

what Robertb calls an "entrepreneurial heritage". There is no 

collaborating evidence to sustain Roberts' ideal typel 
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Rese. arch suggests that personal commitment and possibly the charisma 

to generate enthusiasm amongst colleagues may not be sufficient to 

generate and sustain the innovation process. It is believed that the 

innovation champion must possess the formal power to carry out the 

project. Freeman suggests a strong relationship between formal sen16r- 

ity'and succes1b of the innovation *champion; "the responsible individuals 

in the successful attempts (at innovation) are usually moresenior and 

have greater authority than their counterparts who fail" Similar 

conclusions were drawn by Chakrabartiq Eiloartq Knight, Langrisht 

Rothwell and the Project SAPPHO series* 

Indications are, that the innovation-champion, to retain a level of 

credibility within the organisationg is likely to possess a level of 

technical competence equal to that incorporated in the innovation. 

What is not so clear is his necessity to have 'market vision'. It seems 

implicit in that of these studies quoted in table 3-129 the majority 

lay great emphasis (in paxticular Chakrabarti, Freeman, Lanu-Tish, Roth- 

well and the two SAPPHO studies) upon innovation success being due to 

cleax identification of 'user need'. Failure to clearly identify the 

champion's role may have been due to the paxticular research designs 

themselves. Though research findings have been presented to highlight 

the importance of the innovation champion's role in the adoption process, 

clearly the nature and style of Its leadership will be affected by the 

prevailing organisational structure and climate. For the innovation 

champion to begin to function calls for a certain degree of sympathy 

towards innovation by senior management. Indeed, Chakrabarti suggests 

the innovation champion's role is not so crucial in organisational struct- 

uxes demcnsi-rating lorganic tendencies' j where the prevailing organisa- 

tional climate reduces the potential political conflict situation, 

Leadership is likely to be far less structured, with greater emphasis 
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upon 'team chanpioning'. Certainly Layton and others found the role of 

innovation champions to differ in successful sma-11 innovatory companies, 

where "there can be personal leadership by one or two people whom all 

the other key people know, respect and follow .... in a small concern it 

is possible for a technological leader to guide management and broad 

strategy at the sane time" (3-197)- Whereas, in the largerg more 

bureaucratic and mechanistic organisationst the need is for an innovation 

champion to question and drive against existing practicesaid procedures, 

so that the very structure and climate is likely to form barriers that 

have been highlighted in this text. As Roberts points out "of importance 

is the recognition that both policies and attitudes of organisation often 

work to defeat entrepreneurial efforts" (3-198). Similarlyl structure 

can determine whether innovation cham-Dioningr is necessarily pursued by 

an individual, or a team well-led; Rothweliq quoting from inter- 

industrial differences regarding the role of innovation championsg found 

"the absence of individuals emerging as important in the chemical industry 

can be explained in terms of its large firm environment, with accompanying 

high degree of formal structure and bureaucracy" (3-199)- 

Whilst evidence has been presented to suggest the necessity of a 'catalyst' 

for the innovation process; and that the emergence of an innovation 

champion may be through the formal or informal structure of the organisa- 

tiong possessing enough political power (or -support of those who do have 

this power) to gain organisational acceptance of the project, the question 

posed is, at what stage in what is a collective adoption-decision process, 

is the presence of an innovation-champion crucial? Rogers and Shoemaker 

suggest that the organisation decision process consists of five 

sequential stages namely: 

Stimulation 

Initiation 
Legitimation 
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Decision Making 

Execution (3.200). 

Table 3-14 illustrates: - 

STAGE DESCRIPTION OF STAGE 

SMIUL&TIOR It is the process by which someone becomes 

aware that a need exists for a certain innovation 

within the organisation 

M TIATION It is the process by which the new idea receives 
increased attention by members of the organisation 

LEGITMATION It is the process by ulhich the idea is sanctioned 
by members who represent the no=s and values of 
the orgenisation 

I)ECISION- It is the actual process of decision-making 

MaNG for commitment of organisational, resources for 

adopting the idea 

EXECUTION It is the actual process of implementing the 

decision 

TABLE 3.14 ORGANISATION ADOPTICK-PROCESS. 

SOURCE ROGERS & SHOMAKER 

ff 

Rogers and Shoemaker suggest that the sequential progression from stage 

to stage is 'sparked off' by the actions of 'key individuals'. 

Chakrabarti, using their approachq presents the following characteristics 

of these key persons at each of the stages in the adoption process (3,201), 

"Stimulator, ",, (Stimulation stage): may be an outsider or an insider 

'? I orientated externally through his formal or inform I relationships with 

members of the firm or other people. Stimulators are cosmopolite people 

who understand both the environment and the gencral problems of the 

organisation. 



148 

"Initiator" (Initiation stage): he translates the idea into a plan of 

action which is appropriate for the organisation. The initiator knows 

the organisation well enough to package the idea in a form acceptable 

to other organisational, members. 

I'Legitimiser" (Legitimation stage): he is certain to be an inside perso-n 

who has the social power of sanctioning an idea. An individual will act 

as legitimiser for different ideas depending upon: - 

(i) his breadth of experiencer personality and interests 

(ii) the size and structure of the organisation 

(iii) the type and nature of the innovation 

"Decision-Maker" (Decision-making stage): he is the person who has the 

formal authority to commit the organisation's resources to the project 

"Executor" (Execution stage): he is the person who implements the 

adoption decision. This execution decision generally will involve 

different functional groups* 

But can we assume that 'key persons' are necessarily innovation champions? 

In the smaller organisation the innovatory champion is likely to be 

dominant at all the stages of the adoption process; this is less so in 

the laxger organisation with greater structural rigidity. 

Chakrabarti suggests that the innovation, champion can act in multiple 

rolesp linking the different phases in the adoption process, but what is 

not so clear, is to the -span of his influence over the whole of the 

adoption process. Research evidence suggests that whilst the innovation 

champion is instrumental and influential in the earlier stages of the 

adotpion process, heis less likely to be cast in the decisica-making 

role. Indeed he is likely to be at odds with the existing practices and 

procedures of the organisationg and decision-makers (given the prevailing 

organisational climate towards change) tend to lean towards maintaining 

organisational tstatus quo' regarding practices and procedures; the 
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innovation champion has to convince the decision-maker as to the 

viability of the project; 'viability' usually demonstrated in physical 

and/or commercial terms. 

For example, Project tSAML1 - an innovation developdd by I. C. I. 

(Mond Division) - was led by an innovation chanpion, Dr Birchall, who 

was . given therfunds by the organibation to reseaxch anddevelop the 

project. Before the project was allowed to proceed to the production 

stage (which would signify adoption of the innovation by the organisation) 

31ý- Birchall had to demonstratep using his pilot plant, the commercial 

viability to the I. C. I. main board. Approval was subsequently given 

for the establishment of production facilities nnd DL- Birchall was given 

the task (f overall execution of further developmentg production and 

early commercialisation of the project. (3,202), 

A second example to illustrate the role of the innovation champion in 

the adoption process is provided by the Pilkington. 'Float Glass Process'. 

This innovationg now diffused to all major manufacturers of plate glass, 

was an entirely new concept developed by Pilkington Bros. whereby molten 

glass is fed continuously on the surface of a bath of molten tin, upon 

which it floats. The smooth surface and constant thickness of the 

resulting glass completely eliminates the need for a grinding operation* 

Development began in 1961/62 and took seven years and cost over P-4 million 

before the first saleable glass was manufactured, but resulted in reducing 

production costs by 25%. and plant size by more than 33%- The initiative 

and drive behind the project is attributed to one man, Dr. L. A. B. 

Pilkington. (3,203). 

Similarly, ýhe development of Class reinforced cement is attributed to 

the persistence and commitment of one mang Dr. Majumdar. Research into 

this project began in 1966, at the Goverment-sponsored N. R, 3). Ce - 

Building Research Establishment under the supervision of Dr* Majumdar, 

In 1966 he approa7ched Pilkington Bros* with his project, but was 
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rejected as 'case not proved'. He thcn took his projoct, in 1967, b 

Comings in the United States, who were cble to produce the type of 

C; lass needed (called GZO) to assist his research; this '--ras used to 

successfully produce the first batch of alkali-resistant Glassfibre 

cement; but still the idea was rejected by the U. K. class industry. 

At last, in 19689 he persuaded a Glassfibre manufacturer (Turners Ltd) 

to produce 100 lbs. of his glass reinforced cemený. Pilkington Bros. 
I 

in reviewing the situationg subsequently bought all controlling riChts 

for the now product* 

In each of these examples the nature of the ixmovation champion's role 

has variedg as illustrated in Table 3-15 below: - 

I lpco E"- ST% LAY, INITINTIO-4 LGAITIM&not4 p szo c es 5 E% Ewn o r, 4 CKE 5 

, t4 PI 
KEY 

o %j prno t4 ee 6ýsctA 

AMP 

'bQ. %toc"At-L 
Usswrl If 

IIII+ 

-bq. P, t-K%T4r4-Tor. A 
( I: Log%T r'l-Fss P,, oc. ---. r, 

) 

DR. mFkaornmalz 

(C, L. p4sz; Qe%vAroQcE: r2ý 
CZ Mr. t4T) 

Table 3-15 CCI7, 'L'. LkSTI: '. G RCL-333 OF.. DINCTATION CIIM.: PIO'. -. S 

IN VIE URGA71SLTIOYAL ADCPrfI-OYi P-R-CC2, SS 

Whereas Dr. Birchall, at I. C. I., featured predominantly in all the major 
.v 

stages, savP only the decision to adopt, Dre Majumdar's rolo tended to be 

restricted to a Stimulator in the strictest sense as defined by 

Chakrabarti'- characteristics of 'key peoplO. With the development well 

advanced on the glassfibre cement project bofore it entered Pilkington 
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Bros. 9 the earlier stages in the organisational adoption process (ie 

Initiation and Legitimation) were assessed by the Decision Makers them- 

aelves; the potential risk of innovation by 1966 had been considerably 

reduced from Dr. Majumdar's first appm ach to Pilkington RL-os. in 1966. 

Analysis of these three illustrative cases does lead the author to 

question the possible validity of those findings that have sought to 

correlate the position of innovation champion wi'di high organisational 

statuse By concentrating on the Decision-Making stage,. to the exclusion 

of the other-stagesl the role of senior management may well have been mis- 

represented. For examplep Chakrabartiq using his research findings 

illustrated in tablP 3-16 (below)9 suggested that "higher management is 

NO. OF CASES BY THE DEGREE OF SUCCESS 

AS EVIDENCED BY: - 

LEVEL AT WHICH COTOMCIAL TEST TECHNICAL 
DECISION WAS 10METING MARKETING FEASIBILITY 
MADE TESTING 

OF THE PROJECT 

NO. ACTION BEYOND 
AWARENESS OF THE 
IDEA 

President of 6 7 7 
Company 

Divisional 4 - 5 
Head 

First Line - - 1 14 
Supervisor 

10 7 9 19 

TABLE: 3-16 DECISION MAXING IN 45 PRODUCT 

DEVELOPMENT CASES - CHAKRABARTI 

more involved in the successful cases than in the less successful ones" 

(3*204). iýt this is likely anyway! Given that the earlier stages of 

the adoption process axe filtering processesl then those projects that 

reach the senior management decision stage will inherently contain more 

chance of success. For example, in the ISAFFILI example quoted earlier, 
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an early research decision had to be rrade whether to develop one or two 

forms of the flibre - al,, =ina-silicate and zirconia-silicate; an R&D 

decision dropped the latterg so that the Main Board decision later was 

made that much easier (in te=s of spotting a 'successful' innovation 

prospect). 

Similarly, tlýe eventual conviction* of Sir Alistair Pilkington (Chief 

Ttkecutive of Pilkington Bros* 1968) in Dr. Majumdar's project does not 

necessarily lead one to the conclusion that he was the linnovation 

champion'* Indeed the opposite in this case is true, because the idea 

had been rejected two years eaxlier! Cleaxly researchers need to make 

the distinctiong if one does exist, between the innovation champion 

and the 'entrepreneurial championtg who adopts the project on the basis 

probably of commercial viability. 

e 
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3-8 MANAGERIAL REACTION TO THE 

RISKS OF INNOVATION 

The presence of risks and the communication of these 

risks to others in the collective organisational decision-making process 

will. affect the in-firm innovation adoption process* All research 

suggests decisions to innovate contain risks for the innovator. 

Littler quoting from a number of studies suggests that failure rates can 

be as high as 901;; p yet firms continue to innovate (3.205). Do Bono 

calls it the 'innovation dilemma' 11.. 9 the innovation dilemma lies in the 

fact that, in general, it makes a lot of sense for innovation to take 

place, but in particular it does not make much sense for any individual 

organisation. to innovate. The risks of innovation axe high in terms 

of disturbances effort and cost" (3.206). But what am these risks? 

Mansfield found "that the technical risks involved in the bulk of 

industrial research and developments outside military and other government- 

financed areasq seems quite modest ... according to the directors of 

three laboratýories in the sampleg about 70% of the projects in their 

laboratories were aimed at only advances in the state of tho art" (3.207)- 

If technical risks axe lowq then what accounts for the high risk of 

innovation failure? The answer can be found in terms of rejection in the 

marketplace and rejection in the firmo One research study suggests that 

a firm needs to generate over fifty innovatory ideas to produce one 

commercially viable product (3.208). 

Every decision to innovate in an organisation is the product of individual 

behaviour (generally) interacting with others; for every decision the 

individualls paid by the organisation to consider the possible conseq- 

uences of that decision upon the performance of the organisatione 

However, in addition, the individualg in making the decision, will 

evaluate the effect upon his own personal stature and his relationships 
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with others inside (and outside) the organisation. 

The risks of innovation may be technical or co=erciall and they may 

threaten or support the survival of the firmp but to understand the 

reaction taken to these risks, the researcher must observe the behaviour 

of the individual, albeit acting in concert with others. To the 

individual, sýpport for or against an innovation may be based upon 

economic criteria related to torganisational goals' (to which he may 

have directly subscribed to in the first place), but his reactions will 

be tempered by self-interest and self-preservation within the organisaý 

tion. 

ECONOMIC RISKS 

A number of innovation studies have viewed 'risk' solely in terms 

of economic criteria - the effects of innovation upon profitability. 

Mansfield suggests three variables which influence the firm's decision 

to adopt an innovation (3.209): 

1. profitability of the innovation 

2. level of required investment 

3-- industry concentration. 

He explains 'risks' in terms of possible competitor reactiong and the 

cost of borrowing resources related to1he possible returns on that invest- 

ment. Certainly the risk of imitation by competitors is a consideration, 

when taking the decision to innovate (3.210). Rarely is it possible to 

obtain patent protection on the basic idea, because there is almost 

always an abundance of prior art in the patent and technical literature, 

Hence protection can only be sought by filing patents that incorporate 

features of-, , end-use; this, in turn, increases the problem forlhe 

manager who is forced to translate what may be loosely constructed ideas 

into feasible co=ercial projects. Webster see. s the adoption decision 

as a 'trade-offs between perceived risk and profitability; "the hither 
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the riskp so the higher the profitability of the innovation must be to 

secure an adoption decision" (3.211), 

Booz et al (3.212) and Severiens (3*213) point to the increasing economic 

risk associated with increases in technological newness to the company's 

existing practices. Ansoff and Stewart (3.214) suggest economic risk 

is related to the distance the company is from the 'frontiers of techn- 

ology'; this distance has three effects: 

1 1. stability (of procedures, practices) - is seen as a function 

of distance from the frontier. The nearer the firm is to this frontier, 

so the pressures to innovate become greater. 

2. predictability (of proceduress practices) - is low for 

organisations near to the frontier; they are operatir4- , in technical 

(and possibly cornercial) areas of only partial knowledge. 

precedent (experience) - which underpines so much manaC; ement 

activity is sparse at the frontier due to the changing environmente 

One researchcr has found that the reluctance to take risks in areas of 

technical nevmess leads a firm to pursue a policy of Icannibalisationt, 

of existing technologies (3.215)- 

What becoma; apparent is that it is not so much the presence of economic 

risks (be they technical or commercial) that affects the adopti. on decision, 

but rather how these risks are perceived by the particular organisation. 

Whilst economic resources are a requisite for the implementation of 

decisions to innovate, and economic returns a business necessityl the 

innovation adoption decision is not a function of economic criteria alone; 

as Webster concludes It... speed of adopt-Lon by a firm kas measured by 

expected inbremental profit4 and the firm's ability to tolerate the 

risk involved in adoption (as measured by the amount of investment requir- 

ed and maximum possible loss) was related to the firm's sizel liquidity 

and panaEenentbl Iself-confidence'll (3.216). 



156 

THE INDMDUALIS PEMCEPTION 

OF INNOVATION RISKS 

Schein writes "organisation planners or top managers often 

naively assume that simply announcing the need for change and giving 

orders that the change should be made will produce the desired outcome* 

In practiceg howeverp resistance to chanEp is one of the most ubiquitous 

organisational phenomena# Whether it be an increase in p roduction, or 

adaptation to a new technoloGyp or a new method of doing the work, it is 

generally found that those workers and managers who are directly affected 

will resist the change or sabotage it if it is forced upon them" (3,217)- 

The concept of 'perceived risk' can be used to explain this resistance; 

the concept has been extensively investigated since first introduced in 

1960 (3,218), although the literature concentrates predominantly on the 

final-consumer decision making process (3.219), It is thought to have 

relevance in the industrial decision-making process also, in that 

essentially it deals with how the individual perceives the risk of a 

decision in the light of his own situation and experience (namely 

apperception)* Mansfield, himselft lays credence to its use when he 

writes "perhaps these variables (profitabilityg liquidity and growth 

rate) are less important than other more elusive and essentially non- 

economic variables. The personality attributos, training and other 

characteristics of top and middle management may play a very important 

role in determining how quickly a firm introduces an innovation" (3.220). 

A view confirmed by Ray ".. * the least tangible factor isq however, 

likely to have the greatest impact on the application of techniques - 

the attitude, of management" (3.221). Rothberg is more specific when he 
40 

identifies -the individual's perception and reaction to risks in the 

organisation as 'playing it safe'; 11 .. the tendency of people working 

in the new products sector to base their decisions on trying to avoid 

failure rather than on trying to achieve success" (3.222). He sug-gests 
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that this may be the fault of the organisational climate, where the 

manager "worries more about not being wrong than about being right" 

(3,223); as he sees it "downgrading of the image of innovation and 

entrepreneurship succeeds in making a company's managers less likely 

to attempt creative problem-solving" (3.224). 

Hill sees thercause of this reluctance to take risks as indicative of 

modem large organisaticns; he maintains that the propensity to 

innovate has been "suffocated by the increasing complexity of non- 

technical management hierarchies" (3.225)- Hill quotes the example of 

the 1124 Corporation which turned down the later highly profitable Xerox 

photo-copying system because the organisation sought to evaluate 

technical risk using non-technical personnel. 

H. R. H. Prince Philip attributes this reluctance to take business risks 

(in engineering), as a result of the present society in the U. K.; he 

suggests that whilst "the Welfare State is a protection against failure 

and exploitation ... national recovery can take place only if innovators 

and men of enterprise and hard work can prosper" (3.226). 

Most researchers have confined themselves to the parameters of the 

organisation. Ford suggests there are lopportunityý-orientatedl and 

'problem-orientated' managers; the latter are those who perceive ideas 

as Iriskst rather than 'opportunities'. It is less clear from his 

work why a manager should take one or the other of these orientations 

(3.227). Qainn and Mueller do suggest a number of 'motivational 

restrains' which temper managerial enthusiasm to innovation, namely (3.228): 

1. short term management incentives 

2.. Jack of urgency for research 

- manaGeria attitudes tend to gravitate towards shorter-term payback 

projects and tend to be unaffected by the firm's prevailine business 

situation. That is, in 'good timestq pressures are to devote all avail- 

able resources to the immediate opportunitiesp whilot in 'bad times'. 
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retrenchment orientates the maxm_ger away from lcng-term projects to 

concentrate on day-to-day survival (3.229). 

3, entrenched ideas and vested interests to maintain the 'status 

quo,. 

4. aging of key management/operating personnel (3,230) 

5- overly long lines of formal authority 

6. fear of reprisals to risk taking 

7. an N. I. H. (not-invented-here) complex 

8, inadequate dele, -,, ation of authority to carry project forward. 

Slevin presents an empirically tes1: ed model of risk behaviour based on 

four key variables (3.231): - 

1. cost of innovation 

2. rewards for successful perfonnence 

3- current level of success 

4- level of aspired success. 

He suggests that the cost of an innovation (where high costs are 

synonomous with high risks) to an individual should be related to the 

potential rewards that will accrue if he is successful. Costs and rewards 

are expressable in both oconomic and non-economic terms (3.232). Slevin. 

stresses that the perception of 'costs' (risks) and 'rewards' are 

affected by the individualts current level of success in the organisation, 

and the level to which he aspires to; Slevin concludes II. e. the inter- 

action between perceived aspirations and current success rate is crucial 

in the determination of a person's likelihood to innovate" (3,233)- 

The empirical results for this model were obtained from a controlled 

in-college experimnt using post-graduate business students; replica- 

tiong involving managerial personnel in an on-going business situation, 

is needed to substantiate his findings, for one is left to assume 

commonality of perception of IcostsIj 'rewards' by managers of varying 

experiences (technicall commercial, etc) performing various business 
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functions* 

Ansoff and Stewart (3.234) in discussing the 'frontier of technology' 

suggest that various persormel within the organisation may perceive the 

risks involved quitq differently: - 

1. the researcher sees it as a scientific challenge 

2. the developer sees it as an applied science challengeg 

of translating concept to production 

3- the operational manager may see it as a possible threat. 

Schon suggests the individual can react in four ways to the threat posed 

by technological innovation (39235): - 

1. Rejection of the threat; which results in total opposition 

to the innovation (3,236). 

2. Isolation of the threat: which results in political in- 

fighting where committed groups (cohorts) seek to isolate and so reduce 

the risk threat of the innovation. 

3- 'Waters it dovrnl: the more disruptive elements of the 

innovation are so tempered to conform with the existing practices 

and procedures of the firm. 

4. Acceptance of the innovation: here the individual accepts 

the innovation as it perceived to be congruent (the risk is acceptable 

or controllable)with his own situations 

Baker (3.237) believes managerial attitudes are to maintain the 'status 

quo' in an organisation; he suggests that the greater is the commitment 

to-the existing technology, so the greater must be the -incentives to 

innovate. He quotes from Corey's study of the Bakelite Company (3.238)- 

Steele stresses the importance of intuiticn in assessing risks; ".. a 

manager's intuitive feeling towards technological risk-takinG will play 

a critical role towards aggressive use of R&D as an instrument. of growth 

and whetherg having chosen to do sol he will provide it the support it 

needs" (3.239). But experience plays a large part in developing the 
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manager's intuition; can the highly structured organisation provide* 

enough opportunity for the manager to be erPosed to experiences outside 

the realms of Us day-to-day function? As Steele notes "managers whose 

formative experience provided little exposure to technological risk- 

taking, who had no opportunity to see a technical discovery carried 

through to S; Ccessful commercial*applicationq are unlikely to feel com- 

fortable when asked to approve such a course" (3*240). Similaxlyq the 

failure of research and development staff to appreciate the complexities 

of commercialisiAgg technological innovation can be due to a similar 

lack of experience and understanding. 

Baker has sought to offer a comprehensive adoption model, which incor- 

porates economic criteria and"managerial attitudes' (3.241). He sees 

the process, in the form of an equationg as :- 

A= f(EC, Pc, (I - D)l AR) 

where: 

A Adoption 

EC Enabling Conditions : those elements necessary for a 'rational 

decision' to make use of an innovation (eg it performs a defined function) 

PC = Precipitating Circumstances : encompasses all those factors which 

predispose the individual (or firm) to consider adoption. These are 

seen as the stimulii to adopt. Baker quotes both Schon and Shepard who 

suggest innovations axe most readily accepted under 'conditions of 

crisis' (3.242), 

I= Incentives : advantages associated with adoption of an innovationg 

expressed in monetary terms, 

D= Disincentives : the disadvantages. Therefore (I - D) is the net 

economic outcome consequent upon adoption - 'the relative disadvantages. 

AR = Attitudinal Response : recogntiion that factual/objective argaments 

for and against an innovation will be perceived differently by personnel 
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within the organisation. 

Fds model presents a more embracing pictiire of the in-firm adoption 

process thany say, Mansfield's earlier predominantly economic perspective. 

Howeverg criticism can be levelled against the modelts appa: Cent emphasis 

upon the consequences rather than causes of the adoption process. For 

exampleg his all-embracing variable lattitudinal response' (AR) tells us 

little about why it should favour or disfavourg credit some and discredit 

other informational inputse Similarly, 'precipitating circumstances' 

(PC) might be construed to be the causes, but again the generality of 

the vaxiable tells us little about the process. It is likely these pre- 

dispositions will vary from individual to individuall with a possible 

self-cancelling effect. After all, consideration must always be taken as 

to the stimulii to reject innovation; Bakerp himself, notes 11... it is 

also true that those who would benefit most from improved practices axe 

frequefttly the last to adopt them" (3.243)- The importance of each of 

the variablesp in Baker's modelv to the individual - that is$ the influence 

they will have upon his ultimate decision - is decided by his lattitudinal 

response' to the vaxiable, as well as to the innnvation itself. This can 

be illustrated as follows (Figure 3-11)- This simplified model, using 

Baker's variables, highlights the pressure sources upon the individual 

to make his organisational decision (3.244). Such pressures might 

originate from both 'upstream' (eg R&D need his commitment before 

further funds will be allocated to a project) and Idownstream' sources 

(eg Maxketing Manag ement are forcing the pace due to customer enquiries). 

The natum of the informationg the source of pressure, and the channel 

used to convey it (eg formal or informal channels) will be perceived by 

the individual (and so de-coded) in the light of his own past experience 

regarding innovation adoption decisions and his aspirations in the 

organisation. It is more likely to be a 'less risky' decision in those 
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organisations where the climate is pro-innovationg and so the individual 

has the experience to infuse into the-decision process. Personal 

resistance is more likely where there is no such favourable experience; 

he is likely to seek the advice of others (pre-supposing he does not 

possess the self-conviction of an innovation champion) or to react in a 

les .s positive7way towards the innovation. Rather than adopting 'with 

enthusiasm and total commitment'l he may passively acceptp delaying the 

rate of adoption or actively commit himself to a rejection decision if 

this seems the less risky decision to make. 

Because of the 'inherent newness' of any innovation decision, it is likely 

that the degree of experience that the individual can bring to bear will 

be minimal when compared with day-to-day operations. He seeks to com- 

pensate this lexperiencet defficiency by using predictive measures, fore- 

casting. Howeverp evidence questions the accuracy and predictability of 

technological forecasting. One is left to consider that-the resistance 

to innovation is not necessarily that it is perceived to be high risk, 

but rather that it is the failure to be able to calculate it and so 

estimate the consequences of making an innovation decision. 

Certainly Baker's model presupposes the ability to accurately estimate 

the economic value of 'incentives' (I) and 'disincentives' (D) to decide 

the 'relative advantage' in innovating. 

FORECASTING AS AN AID TO 

REDUCING RISKS IN DITNOVATION 

Prehoda defined technological forecasting as Othe description or 

prediction of a foreseeable technological innovationg specific scientific 

refinement pr likely scientific discoveryp that promises to serve some 

useful function with some indication of the most probable time of 

occurrence" (3*245)- Forecastingg theng is an attempt to predict future 

consequences of present behaviour; this is sometimes seen to be the 
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converting of uncertainty to calculable risk. But how calculable are 

the risks in innovation? 

One approach suggests that the innovation process can be viewed as a 

number of identifiable (and so forecastable) steps 11... in generalg the 

economic analysis performed at successive stages of the new product 

development pýocess will yield smaller and smaller levels of uncertainty" 

(3.246)o McTavish sees this approach as "innovation thought of as a 

manageable processs similar to other business functions, wherein risks 

are controlled or reduced by means of quantified assessments of the 

merits of different technical projects" (3.247)9 but as he concludes from 

his own studies "in practice many firms find themselves having to make 

investment decisions on inadequate evidence in a general atmosphere of 

uncertaintyl even at quite advanced points in the development cycle" 

(3.248)- A view substantiated by Schon 11... in the light of experience, 

the notion of innovation as an orderlyl goal-directedg risk-reducing, 

process mast appear as a myth" (3.249); he concludes "a man must take 

leapsg not once at the beginning of the process9 but many times throuEh- 

out the processp always in the face of uncertainty and on the basis of 

inadequate information .. a company cannot esaape it by careful planning, 

or by gathering exhaustive data" (3.250)- 

Although much has been written regarding 'decision-making under conditions 

of uncertainty' (3.251)t McTavish found that firms "did not, in general, 

show a high level of sophistication in investment appraisal techniques" 

(3*252). Certainly'Freeman, like McTavishq found firms more inclined 

to take risks on past innovation performance rather than pragmatic 

economic evaluation of the risks involved with a project 11... as long 

as sales are achieved, precise cost estimates in advance are irrelevant" 

(3.253)- Mansfield reports that where cost estimates axe madep that 

they bore no semblance to realised costs 11... about one-half or more of 
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the laboratory directors in our sample feel that estimates of a project's 

manpower requirements, its development cost, its capital requirements, 

its research cost, its probability of technical success end its develop- 

ment time are good orkexcellent .... given our findings concerning the 

size of the errors in estimates of development costs time and technical. 

outcomes it appears that laboratory directors may be unduly optimistic's 

(3.254)- 

Commercial assessment of innovation seems no better; whilst evidence is 

available that suggests demaftd-pull innovation has a higher probability 

of success (3.255) - "it is worth noting that commercial risks were con- 

siderably lower where marketing inputs were injected eaxlier in the 

decision-making process" (3.256) - Cooper and Little found "highly 

innovative products were found to be characterised by less market assess- 

ment than 'me too' products. The tendency to become enamoured irith high 

technology break-throughsp together with the difficulties involved in con- 

ducting; market reseaxch for true innovations were uncovered as the 

reasons for this phenomenon" (3.257)- 

McTavish found one firm that did not include marketing costs on the 

grounds that "a case against a comprehensive prior tally of maxketing 

costs is that this might discourage the development from being under- 

taken in the first place" (3.258)- 

Fisher points to the subjectivity of input of the data used in innova- 

tion forecasting. He asks the questiong that if uncertainty is great, 

what value can be placed upon the subjective estimates of the probab- 

ility of its success? As he says "are (these subjective assessments) 

some impartial assessment of the play of forces in the environments or 

axe they more influenced by feeling, in the sense that he who is pre- 

disposed to innovate will produce probabilities more favouring success 

than will another person of a contrasting attitude ... if this is so, 
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does it leave the manager with his elegant decision models deceiving 

himself about apparent norms of rationality which guide him? " (3.259). 

Baetow writes "risk assessment must be based on a conziderable amount of 

subjective analysis" (3.260); and Nicholson points out how subjectivity# 

due to the individual's position in the organisationg can affect the 

forecast. Ife suggests that the *weakness of predictive powers of 

technical forecasting is due to.. "scientists and engineers have to date 

predominated in such activities" (3*261). 

Recent developments of decision-makizý-, techniques, using subjective 

estimates (executive judgements), have sought to incorporate group 

deoision-making as a method of reducing individual subjective-bias (3.262) 

nevertheless the basic dilemma remains. 

One study of 70 projects in a U. S. Company found that the expected pro- 

bability of technical success for over 751ý of projecto exceeded O. S. 

When these expectations were compared with results, it transpired that 

only 44% were as successful (achieving the criterion 0, S) as first 

anticipated (3.263)- Mansfield found that only a small proportion of 

the discrepancy was due to 'unforeseen technical difficuliesIq the 

remainder was due to varioas examples of subjective optimiem for the 

projects. 

McTavish concludes that because of the lack of 'useful' data, the 

manager resorts to intul-tion rather than economic reality in risk analysis 

methods; "managers, like other peopleg tend to face new problems and 

situations by relying on the knowledge and judgments tested by past 

experienceg rather than on the logic of computational procedures for 

aggregating, discounting and comparing assumed outlays and incomes" 

(3*264). Bodroghy lends support to this view when he suggests that 

the most likely usable techniques in technological forecasting are 

"synoptic rather than numerical methods" (3*265); as does Jewkes 
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".. our conclusion is, therefore, a simple one: that the path of 

innovation is always thoi-. Wl that there are no short cuts to success, 

no infallible foxmula" (3.266). Yet the outcome of a decisicn, 

although based on data dubious in naturep is still likely to be crucial 

to a manager in terms of his position in the organisation. It is likelyt 

therefore, thýt a manager will evaluate infomational inflows against 

the 'cost' of disturbing the''status quo; subjectively assessing the 

risk consequences of the decision he makese 
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3.9 THE PROCESS OF IN-FIPJ4 

INNOVATION ADOPTION 

Thusfar the elements considered influential in the 

industrial adoption process have been examinedv but what of the act of 

adoption, as measured over time? 

The collective nature of organisational decision making necessitates a 

different approach to that advocated by studies orientated specifically 

to the individual adoption process (3.267)9 However, even within an 

organisationg the initial decision to invent, or the recognition of a 

perceived needy may have been the product of an individual's adoption 

process. Similarlyt the emergence of an individual to support (or 

oppose )a project - an Innovation Champion - may be an individual 

decision* Again, consideration needs to be taken of collective decisions 

made by individual departments/business functions within the organisa- 

tional adoption process; it is this latter reified adoption process 

most favoured by the literature (eg "British Leyland decided in 1971, 

to begin'developing the Rover 3500")- 

One commonly quoted definition of the industrial adoption process comes 

from Robertson .. "the process of taking an apparently saleable notion 

sad developing it to the point where it achieves a profitable measure 

of M et penetration" (3,268). 

Bat the act of adoptionj certainly by an individual within an organisa- 

tion, or indeed the organisation itselfg does not necessarily guarantee 

success in the market place that is the profitable measure of market 

penetration. Of those new products introduced onto the markotq estimates 

of commercial success vary widely. Booz, Allen and Hamilton's study 

of 366 products places the failure rate at 33% - 10% clear failures and 

23% doubtful (3.269); O'Meara quotes a failure rate of 80% (3.270)9 

Whilst a study by a New York design firm places the rate as high as 89c/cl 
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(3.271)- The act of adoption or rejection being Primarily a manage- 

ment function, tends to be the screenings filtering process of those 

projects less likely to succeed* 

Cornmon to all adoption (and diffusion) models is the assumption that the 

decision takes place over time (3,272)0' Whereas an individual's decision 

to adopt may range from an instance to a period of deliberation (eg over 

a major purchase such as a house, car, etc)p the time span for organisa- 

tional decision making will tend to be more protracted, simply because 

of procedural structures as much as the (technical) complexity of the 

purchase/action under consideration. 

A mmber of studies have been carried out to identify the time taken by 

the innovative organisation in launching new technology (that is from 

idea-to-launch). Eaos presents numerous exanplesq as table 3-17 

illustrates (3.273): 

INVENTION 

Distillation of hydrocarbons 

I'luorescent lamp 
Safety razor 

Television 

Steam engine (Newcomen) 

Steam engine (Watt) 

Jet engine 
Tt=bo-jet engine 
Nylon 

Radar 

Self-winding watch 
Crease resistant fibres 

INTERVAL (yEs) 

24 
79 
9 

22 
6 

11 
14 
10 
11 
13 
6 

14 

TABLE 3-17- 

Lym has suggested that the industrial adoption process has tended to 

shorten, as table 3-18 (overleaf) demonstrates: (3.274) 
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TIME PERIOD (3.275) AVERAGE TIME INTERVAL (Yrs) 

EXPLORATION TO COMERCIALISATION I TOTAL 
DEVELOPMENT STAGE 

STAGES 

Farly 20th cen. (1885-1919) 30 7 37 
1920 1944 16 8 24 
1945 1964 95 14 

TABU 3-18 

The most populax approach taken by writers (perhaps because it tends 

itself more easily to prescriptive advice) is an in-firm adoption 

processl incorporating a number of sequential, identifiable events* 

For comparative reasons a number of studies are presented in table 3-19 

(overleaf). 

A degree of commonality is observable in the tstagest highlighted in 

table 3-19; both Booz et al and Pedraelio refer to the adoption process 

in terms of a Idecay curvel for ideas. Boozts study found that 58 ideas 

were found to be initially reqtUred to yield one successful new product 

I'** almost three quarters (of new product expenditure) goes to un- 

successful products; about two-thirds of which is wasted at the 

development stage (3,277)- Pedraglio presents this 'decay curve' as 

illustrated (Piguxe 3-12) (3,278)- 
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In taking a similar stancel Fogg relates the number of ideas/Projects 

needed at each stage and the 'typical time' needed to complete each 

adoption stagee Figure 3-13 illustrates (3.279): 
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Fogg's typical time scale of two years from conception to launch tends 

to be more applicable to consumer (less-technical) products than to 

industrial technology, although Da Pont successfully completed an 

innovatory project inside four years (3o28O)* 

Whilpt there is considerable support for the 'sequential steps approach' 

- Ifevery programme has uniform and identifiable patterns common to all 

efforts in chronologically developing ideas and concepts through various 

phases to an end product" (3.281) -a number of writers have raised 

methodological doubts*. ** 

Schon suggests the approach is "in violation of company practice and 

experience; innovation cannot be analysed into component paxts and made 

subject to rational control" (3*282). McTavish maintains ".. in practice 

many firms find themselves having to make investment decisions on in- 

adequate evidence in a general atmosphere of uncertainty, even at quite 

advanced points in the development cycle" (3.283); he suggebts that due 

to the absence of ladequale knowledge', management resort to decisions 

relatively isolated from the market, or from other depaxtments in the firm 

and in a manner quite dissimilar from that suggested by Pessemeir and 

otherso 

Reekie offers a modified alternative to the traditional 'decay curve' 

approach (3,284). He assumes that the highest likelihood of rejection 

of any particular idea or project will take place when the idea is first 

mootedg and that as commitment is secured through the subsequent stages 

the probability-of rejection declines; a viewpoint supported by Twiss 

a project generates its own momentum and there is an implicit 

assumption e*mongst those working on it that it will be allowed to proceed 

to completion unless some major new factor emerges" (3,285)- 

Reekie's pcdnt tends to be rather obviousq that the probability of 
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rejection will decrease - if screening leaves fewer to choose from at 

a later stage (as the decay curve indicates) then obviously chances of 

survival of the remaining projects has increasedl 

Similarlyp ca-re has to be taken in accepting Twisst over-generalisation 

of the processe Again reference to the tdecay curve' shows a number 

of projects rejected very late in the process, contrary to Twiss' 

projection. 

A number of examples are available from aircraft projects where rejection 

(albeit political rather than economic criteria alone) has come at a 

point where the project is at the commercialisation stage (eg Bristol 

Siddeleyts TSR 2 Project). 

Where Reekie does provide an advance on the 'decay curve' principle is 

through his recognition that as the project moves through the organisationg 

there remains the possiblity of rejection actually increasing as depart- 

mental/functional interfaces are reached - as figure 3-14 below illustrates: 
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However, he does still adhere to a decay curve approach in that it is 

assumed that the gathering momentum will preclude rejectiong whereas in 

practice crossing a functional interface - 4A'or example between R&D and 

Maxketing might result in total rejection (probability 100%); a point 

supported by Ioyton et al who writes I*. we found that skilful initial 

invention in "the R&D departments has been marred in the past by an 

inability to achieve effective commercial exploitations either at the 

production phase or in marketing" Os286) 

Taking a second consideration* For routine incremental development to 

the existing product range, established screening procedures can be used 

by the management to arrive at compaxatively 'objective' evaluations 

regarding risk vis a vis the current range. However, deviation from 

current practice - non-routine innovation - introduces risk and uncertain- 

ty to existing management practices, possibly at all stages of the 

adoption process. 

A further suggestion made by YCnightp and Cyert and Marsh is that the speed 

of adoption ip affected by environmental pressures. Cyert and Marsh 

suggested the propensity and speed of adoption was governed by a company's 

past history (technological experience) of success rather than upon its 

current absolute level of performance (3.287); that is, in-company 

personnel are more likely to be affected (re their adoption decislons) 

by a favourable past experience than by the c urr ent prevailing situations 

It suggests that the modified decay curves as suggested by Reekie, needs 

to be viewed in the light of Cyert and Marsh's work; probabilities 

of rejection through the decay curve will tend to increase if there has 

been unfavourable past experience. 

Knight has developed this approach further by distinguishing two forms 

of innovat: b n resulting from environmental press=esq namely: - 

(i) Slack innovations 
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(ii) Distress innovation. 

(i) In the former situationg the decision-makers perceive the organisa- 

tion to be successful and as having resources additional to those con- 

sidered necessary to achieve dayý-to-day objectives (3.288). Spending on 

R&D is maintained or increased to sustain the slack situation; decisims 

accepted as the norm by the participants within the org-anisation. In 

such a situation probabilities of rejection of innovative ideas will 

decrease. 

(ii) However, in the latter situationg perception of the business 

environment is considered to have a retarding effect upon the adoption 

process* Knight suggests that 'distress innovation' is more likely to 

occur in the less successful organisation .. 11(whdch) is more likely to 

search for different types of changes than it would in a slack situation" 

(3.289). He suggests that internal changes (eg propensities to innovate) 

will occur as a consequence of the pressures arising from the $adverse' 

business environment; one mig; ht suggest that all subsequent managerial 

appraisal of the situation will affect the attitudes and disposition of 

the company personnel towards innovation adoption and so perhaps become 

the cause of an aggrevated distress situation in the future. Namely, 

if a distinction is made between $mild' and 'extreme' distress (ie the 

degree of perceived environmental threat)9 a resultant failure to a mild 

distress situation may likely increase the threat to the organisation's 

(and individualls. 1) position; so rather than an innovation to relieve 

the situationt fear of further failure results in a high propensity to 

take no further risks thereby possibly exacerbating the distress 

situationS Frequently those firms most in need of change resist the 

pressures to change, Xansfield suggests that it is the successful firm 

that makes the more radical and more frequent technological innovations 

than its unsuccessful counterpart (3.290). 
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A damning criticism of the sequential adoption model as presented by 

Booz and others is that it fails to explain the actual process involved 

in the adoption decision(s). Whilst identifying consequential steps in 

a process (a point questioned earlier) it does little to explain the 

causes of the adoption/rejection behaviour. 

Rogers and SýOemaker have put for'wacd a model to describe the 'collective 

decision process' - figure 3-15 illustrates: - 

STIKULLTION : awaxeness of need to innovate 

INITIATION : idea receives attention 

LWITIMATION : idea is sanctioned 

DECISION-MUUNG : decision is taken to commit resources 

EXECUTION : -_, process Of implementing decision 

FIGURE_3.15 : COLLECTIVE MECISION PROCESS 
(Rogers & Shoemaker) 

This model suggests an interaction transcending traditimal departmental, 

functional boundaries. It- does not necessarily negate those research 

findLngs that suggest a number of ideas are needed to produce one market- 

able productl but rather supplements and gives reason to these findings... 

(i) in intzoducing the source of lhe idea (STIMLATION) which 

may be important in determining legitimation for the idea (eg technology 

push or demand pull? ) 

(ii) research suggests that decisions to adopt or reject innova- 

tion are not necessarily made on economic grounds; legitimation of an 

idea will be a function of a wide variety of 'facts'. A project 

deviating the most from the prevailing organisational norms (as viewed 

relative to past experience) is most likely not to be legitimisede 



178 
(iii) decisions to commit resources, and the execution of those 

decisions will obviously be affected by the nature of legitimisation 

received for the idea. Legitimisation of a project - manifest in the 

bearing of risk upstream in the organisation - my well demonstrate 'good- 

faith' downstream and so affect a favourable adoption decision. 

Similarly weak legitimisation upstream may, in fact9 gather momentum as 

lack of faith is perceived by those downstream, thereby not necessaxily 

presuming adoption because the project has successfully proceeded through 

earlier departments; one cannot assume that this lorganisational change- 

of-heart' is necessaxily based on economic criteria alone. 

Organisational adoption of innovation and information flow are inseparable* 

Risk evaluation will tend to be assessed on informational input; but such 

information will always be encoded by the sender and. ) as suchl need not 

necessarily present a 'true and accurate picture' of the situation. This 

may manifest from one of a number of reasonsl viz: - 

W information distortion 

(ii) inform tion. delay 

(iii) information disappearance, 

(i) information can be distorted by the sender to present a more favour- 

able or less favourable presentation of an innovation's prospects. 

Such distortion may be due to the sender's own perception of his position 

via a via the organisation and the environment, Possibly an Innovation 

Champion may optimistically view data on innovation. Adverse adoption 

experience will discredit the information source's credibility in futuxe 

adoption decisions. 

(ii) Beconcl4y, it may be possible for a depax-tment/function to delay 

adoption by slowing down the information flow. Such delays may cause 

project abandonment ors as XcTaýrish has indicatedq adoption decisions 

being made with linadeqýiate informationte 
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(iii) The extreme case tends to be where information 'disappears'. This 

may be duel ýmintentionallyq to the prevailing organisational structure 

being unable to assimilate information not normally encompassed within 

the procedural structure. Howeverp it may also be the ultimate delay 

weapon to be used by sectional interests to retard indefinitely a project. 

THREE CASE HISTORIES OF 
IN-FIRK ADOPTTON 

1. 'THE FLUID NILK POUCH' LAUNCHED BY DU PONT OF CANAIA (3.291)o 

The fluid milk pouch -a method for packing/delivery of milk using 

plastic packaging - was developed and introduced by Da Pont into Canada 

over a period of four years. 

In 1964 Da Pont R&D learned from research papers that a packaging 

process for liquids had been successfully introduced in France. Because 

of Du Pont's heavy commitment to packaging and plastic film business in 

Canadat the process was viewed as an unusually attractive opportunity to 

penetrate the dairy packaging market. 

Initial &-ixket assessment took place 11... this initial investigation 

sought to determine the financial viability of the new venture as well 

as to forecast required production facilities* Conceivable launch 

strategies were tentatively formulated and evaluated" (3,292). 

The favourable outcome was the establishment of laboratory facilities in 

Montreal and discussions with manufacturers of liquid packaging process 

systems. 

Consumer research continued* In 1965 the first test of consumer accept- 

ance was carried out in-house; acceptance levels were high with favour- 

able reaction. 

A second acceptance test was conducted by an independent research agency; 

this too indicated a favourable disposition towards the product-concept 

but that it would be necessary to carry out an educational/promotional 
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campaign to counteract the belief that the milk might taste 'plasticylo 

A third testj directed towards guaging trade acceptance indicated a 

similar favourable response amorigst local dairies; the product-benefit 

of reduced distribution costs vis a vis returnable glass bottles was the 

most reportedýattributee 

Fall scale dev; lopment did not begin until all these test findings had been 

presented and discussed by the Du Pont management (the source indicates no 

individual championing the cause); the outcome was a decision to develop 

a plant to Canadian specificationss which meant an almost total redesign 

of the original French machinery* 

Trial production began in April 19669 but development progress was slow 

due to iwo reasons: - 

(i) complexity of operation of plant by personnel 

(ii) the new machinery had failed to solve a number of technical 

problems, namely leakages. 

"so. line efficiency was far from satisfactoryt and a true estimate of 

operating costs, or value-in-use, could not be obtained" (3,293)- 

A numberrof local dairies. began deliveries using the new method and market 

acceptance was favourable; over 50% of home delivery purchases switched 

to the plastic pouch and remained loyalq but the technical problems 

remained unsolved and this caused a degree of reluctance to adopt Arther 

by the dairies. Du Pont approached the French machine manufacturers once 

more and gained Canadian approval to use the French machine in an un- 

modified form. By mid-1967 all technical problems had been satisfactorily 

solved. 

More market research studies were conducted; they continued to demonstrate 

a favourable response to the product concept; a number of further diaries 

became involved in limited production runs. 

A full market and production test followed in Quebec City in mid-1968; 
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success in this test market led to the decision to launch the packaging 

system nationally; ". *. today more than 40% of all the fluid milk bought 

bY Canadian consumers is packaged in Da Pont's pouch" (3.294)- 

Certainly this case history highlights the interdependence of 

organisational functions in the adoption process. Ideas seem to have 

constantly floated between research and operational management. 

It also seems evident 'chat after two years of development, it was still 

very difficult to a=ive at accurate cost-estimates of ihe innovation; 

it supports the research of McTavish referred to eaxlier that one cannot 

necessarily assume information to aid decision"making becomes more definite 

as one moves through the adoption process (3,295)- 

II, PROJECT SD 1: THE LAUNCH OF B. L. ROVER 3500, 

The Awareness Stage began in 1969 with a recognition that a 

replacement model was needed for the Rover 2000 series (project code- 

named P10); basic design dimensions were produced by June 1970- 

In parallel the Triumph Division was working on a replacement for the 

Triumph 2000 (project P MA 

A high degree of inter-divisional rivalry developed; each project was 

developed in a cloak of secrecy within the organisatinn. By February 

1971 the Main Boardq having concluded that both models were essentially 

being aimed at the same market segment, arranged a complete technical com- 

parative assessment and decided in favour of project P10. 

It is possible that in order to heal the wounds of the vanquished Triumph 

personnel, it was decided to rename the project RT 1 to signify the new 

Rover-Triumph consolidation within British Leylande Howeverg in reality, 

a number of-senior personnel moved within the organisation or left. Two 

months later (April 1971) the project was renamed SD 1 to reflect its 

specialist division affiliation within British Leyland. 
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In addition to organisational pressuresp a number of design constraints 

were imposed upon the project, essentially to keep costs down; it was 

intended that existing components were to be used 'wherever possiblelp 

for exampleg in March 1971, the scrapping of proje6t PS in. favour of 

later-launched Jagi= XJ6 seriesq led to pressure on the design team. 

(by'Lord Stok6s) to incorporate the already-designed project PS facia 

in the SD1 project. 

Because of numerous design changes "due to intenial compromise" (3,296) 

the final exterior and interior designs were not completed and ratified 

by the Main Board until Februaxy 1972. 

Planned launch date (October 1975) was not achieved due toa number of 

reasons: - 
(i) problems of trim development 

(ii) failure of deliveries by component suppliers 

(iii) production delays (a new factory was built specific- 

ally for project SD 1). 

Actual lqunch was achieved early 1976. 

Project SD 1 has tended to be seen as a landmark for &-itish Leyland; 

the adoption process led to organisational restructuring to bring together 

the then diverse engineering/development functions -a system which 

perpetuates today (1979)- It is also interesting that use of formalised 

linnovation champions' was made whose role ".. is to ensure that manage- 

ment decisions are translated into the necessary detail and are followed 

through" (3.297). Coordination at the highest levels of management 

was the resonsibility of the Director of Eagineeringg who chairs all 

progress meetings (3.298). 
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III. ISOMERISM CORN SYRUP (High Fructose Corn Syrup 

The production of highly sweet liquid sugar was first considered 

scientifically during the 1800s, but basic lack of scientific knowledge 

precluded further investigation. Scientific possibility was not demon- 

strated until 1953; -from then, seven years were spent on basic research 

and a further seven yeaxs on technological advance, all carried out by 

institutions in U. S. A. and Japan; it was not until 1970 that the 

innovation reached the commercialisation stage. 

A number of reasons have been suggested to account for this adoption 

time scale: - 

It is considered thet the corn wet-milling industry that produces the raw 

material from which the sugar is extracted were guilty of directing 

corporate R&D into existing products rather than encouraging explora- 

tion into parallel fields of science; Casey suggests ".. the lack of 

interdisciplinary knowledge exchange or failure to bridge t1n gap in the 

fringe area between enzymology and caxbohydrate chemistry resulting in 

the failure to recognise the significance of the discovery of glucose 

isomerise (3.299)o He continues 11... the net result was failure by 

industry to identify an axea of opportunity until the technology had been 

brought by institutional scientists to the brink of commercial 

feasibility" (3-300)- 

But not only was the rate of adoption retarded in the early stages by 

myopic R&D briefss but this was further exacerbated by pessimistic 

marketing research forecasts. A failure to define the market potential 

in a number of market segments led to a series of pessimistic forecasts 

of product success, which retarded the commitment of resources to the 

project. Casey believes this pessimism was due to the then current 

depression of corn syrup selling price and the low profit margin; this 

led to a lack of confidence in this product area as a source of profit 



184 

contribution - high innovation risks were seen not to be commensurate 

with possible high profitability (or career enrichment? ). Therefore 

this project was seen as a 'distress innnvationt and operational manage- 

ment did little to increase the rate of adoption. 

It was an exogeneous factor - the dramatic rise in world sugar prices in 

1973/4 - that"created a more favotLrable development environment for the 

pessimistic management. 

Success in a number of market segments has been dramatic; market fore- 

casts for U*S. consumption of this 'lower cost' substitute for crystal 

sugar may reach as high as 10 billion lbs. by 19809 replacing 30% to 40% 

of the industrial sugar consumption" (3-301)- 
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3.10 THE MPFUSION PROCESSES 

AN INTRODUCTION 

Industrial innovation diffusion is the aggregated study of 

adoption/rejection decisions made in a system measured over time. 

Gruber and MazFquis (3-302) suggest four stages in this diffusion of 

technology: - 

STAGE I 

C=ent 
state of 
technical 
Imowledge 
& its use 

STLGE II 
Invention + discovery: 
scientific + technological 
activity 

\W STAGE III 
Innovation: 
first use of technology 
to satisfy demand 

STAGE IV 
Adoption + diffusion 
of innovation 

FIGURE 3.16 MITUSION OF TECHNOLOGY (Gruber & Marquis) 

New 
STAGE 

New level 
of 
technical 
knowledge 

Their model illustrates the invention - innovation adoption and sub- 

sequent diffusion of technology to a higher plane of knowledge but it 

does not explain how or why technology is diffused; that is, the nature 

of this process of diffusione Indeed a search of literature concerned 

with industrial diffusion highlights two deficiencies: - 

(i) a failure to explain the causes rather than the 

consequences of diffusion 

(ii) to identify what process is being examined. 

Two distinct processes are frequently merged without regard for their 

individual distinctiveness. The researcher needs to consider: 

(i) the diffusion of the technology within the innovator's 

own industry - namely, "technology imitation" 
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and also 

(ii) the diffusion of the technology (which may or may not be 

entirely that developed by the innovator) amongst the customers of that 

industrial system. 

Figure 3-17 illustrates: - 

INVENTION 

INNOVATOR 

COMPETIT2E/ '0%1$ýý, 

TRAMITIONALISTS IIIETATORS ALTERNATIVE 

INNOVATION 

INNOVATIVE 

CUSTOMER 

FOLLODWERS 

. 
FIGURE 3.17 DIFFUSION OP TECHNOLOGY 

The first of the diffusion processes - that of adoption of the techno- 

logy by the innovator's competitors may be confused by the methodological 

problem of defining 'who are competitors' and what is to be accepted as 

'Imitation'? Frequently it has been found that the source of new ideas 

(and new competitors) arise from outside traditionally prescribed industry 

boundaries. -' For example EMI Medical Division developed a whole-body 

X-ray scanner in competition to the then only suppliers Phillips and 

INNOVATION 

SL 

INNOVATIVE Innovative i 
customer for# CUSTOMER 
Alternative 
Innovation 

FOLLODWERS FOLLOWERS 

ccropet4 tvve 
e(JeCL 

Siemens; that ist before the innovationg EFa were not even in this maxket. 
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Reaction, within the industry, is likely to take one of three forms. 

There will be those companies that in rejecting the technological concept 

so reject adoption (and if this is a significant section of the industry 

so retaxd diffusion); secondly there will be those competitors who in 

accepting the technological conceptv seek to imitate the innovators 

product. The competition may seek to licence the rights of development 

from the innovator or to circumvent patents or other barriers erected by 

the innovator. The innovator might well be seeking to retard diffusinn 

within the industry to preclude competition from eroding the market profit 

potential. In the extreme case where the competition perceives high 

profit potential in the maxket place but is successfully blocked by the 

innovator from direct technological imitationg there is the likelihood 

of-alternative innovations being developed. This may involve acceptance 

or rejection of the original technological concept (replaced by an 

alternative technological concept). The ability of competitors to 

develop lalteimative innovation' will also affect the rate of diffusion 

within the industry. 

And so to the second of the diffusion processes - that of adoption of 

the technology by customers* Where the original innovator is able to 

control the speed of diffusion within his own industry, so he is at 

liberty to have some control (assuming maxket acceptance) of the diffusion 

amongst customers. This may 'take the form of controlled distribution or 

even L-; Vtkoutput vis a vis market demand. 

Whereq however, imitation (controlled by the innovator or otherwise - 

which includes alternative innovation) takes placeg so the rate of 

diffusion will increase - as both the innovator and his competitors supply 

the same Tn-rket(s). Again, the development of superior alternative 

innovation may actually retard diffusion both within the original 

innovators own industrial system and within the customer ma ets. 
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One further point of clarification of inter-system differences is needed; 

what may be perceived as innovatory by one customer-market segment may be 

no more than a (new) application of an existing technology by a supplying 

industry, hence rates of diffusion may differ considerably between 

systems (3-303)- 
I. 

TECHNOLOGY IMITATION - DIFFUSION BY 

COMPETITORS 

This section examines the diffusion of technology within the 

innovator's own industrial system. In an eaxly section the roles of 

organisational structuret perception of risk and so on were reviewed to 

. plain the in ex -firm adoption process. Whilst the discussion was 

specifically orientated towaxds innovatory behaviour, these same elements 

likely affect the'later-adopters in their own adoption processq although 

changes in emphasis may be expected (eg levels of risk perception, 

attitudes of management). The author writes 'likely' because there is a 

paucity of data relating the differences in adoption processes between 

the early and late adopters. This section examines those differences 

in examining the adoption of a technological concept in an industry over 

time. 

LEADERS AND FOLLOWERS 

Research evidence has been presented to suggest that particular 

characteristics axe observable which differentiate innovative from non- 

innovative behaviour (3-304)9 although not all researchers necessarily 

hold with the universality of these characteristics (3-305). however one 

question is continually raised and left unanswered - axe innovators 

perceived as*opinion leaders? 

Lancaster & White comment ",,, little work has been done on the question 

of opinion leadership in industrial markets compared to consumer Goods eo, 

industrial markets would also benefit from knowing whether innovativeness 
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is linked to opinion leadership" (3-306). 

Consumer theory strongly suggests thet 'opinion leaders' may be h ighly 

influential in affecting the rate of diffusion of an innovation (3-307) 

and it does seem that a priori this idea has been assimilated into 

industrial diffusion theory; the problem of substantiating opinion 

leaders importance has led to varied opinion in the literature. 

Mansfield and his reseaxchers have suggested the presence of 'leaders' 

in industrial systems; there was a tendency for 

(i) the same firms to be leaders 

(ii) for this tendency to be rather weak 

(iii) for it to diminish over time (3-3108)- 

But how should a leader be so defined? 

Perhaps 'technological leadership' or Imarket success'? Casual 

observation of recipients of the Queens Award for Technological Innovation 

over recent yeaxs highlight the recurrence of certain companies - 

Marconi, I. C. 1.9 B. P., Lucas - but even if Ileadecs of technologica. 1 

innovation' can be identifiedg can one assume that they are follcwed 

by others, a presumption ascribed to by researchers leaning on consumer 

research? (3-309)- 

More work is needed in the area of defining the nature of industrial 

leadership; because observation of an industry does frequently illustrate 

early and l4te adopters of technology. Industrial response to innovation 

seems to be threefold: - 

(i) ignore it 

(ii) imitate it (passive reaotion) 

supercede it (active reaction usir2g alternative 

imovation) 

Levitt has written of companies that have ignored technological advance 

at their peril (3-310)- 
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Whilst researchers may disagree as to the existencel nature and form 

of 'opinion leadership' in industrial marketss there seems to be a 

general acceptance that technological advances become diffused through the 

adoption of the concept by the competition; ... there seems to be a 

definite 'bandwagon' or tcontagion' effect. As a number of firms in an 

industry usirý an innovation increasesl the probability of its adoption 

by a non-user increases. This is because as experience and information 

regaxding an innovation accumulate# the risks associated with its 

introduction grow less and competitive pressures mount. Moreoverg in 

cases where the profitability of an innovation is difficult to assess, 

the mere fact that a large proportion of a firm's competitors ha: Ve 

adopted the innovation may prompt the firm to consider it mcre seriously" 

(3-311); similarly Fisher & Pry found ".. of the 22 firms studied, all 

but five made at least some effort to paxtioipate in the new technology 

(3-312). 

Follower behaviour is considered to be stimulated by on the one hand 

increasing competitive pressure to adopt, and on the other a declining 

risk that adoption will be a failure because of visible experience in the 

marketplace. 

Isna d presents a model of conditions under which the risk from 

competitive innovations vary (3-313)9 but generally, evidence is not 

available to substantiate the claim that risk perception (of the firm 

towards ddoption) necessarily declines for those 'following' the 

innovator; case evidence is available to suggest that the risk of 

imitative behaviour is not dissimilar to that facing the innovator. 

Robertsong in researching Da Pont's costly failure with OCorfam" (18 

years and $300m- spent on development)j, found similar failires by 

imitator firmi3; ".. there were at least a dozen imitators in the United 

Stages9two in Britain and several in Germanyt Holland and Japan" (3-314)- 
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For study purposes the researcher must decide when is a competitor a 

follower? Because of lead times between invention and a subsequent 

marketable product9 it is difficult to identify follower-behaviour. 

A follower firm may be influenced by the development progress of a 

competitor rather than end-produot technologyp and begin its own develop- 

merite In thb above example from*Da Pontl imitators began developing 

similar synthetics before Da Pont marketed 'Corfam"t so that all were 

victims of the market rejection., It is most difficult to commit a firm 

to disclosing that it has in fact imitated a competitor! In poirt of 

fact the Not Made Here syndrome is more likely to predominate as the 

management responsel Possibly firms develop new technology in a sort 

of parallel isolationismv working on natural extensions of the current 

technological state-of-the-art, so that again second to the market has 

not necessaxily followed the innovatorg yet might well be influenced by 

the effect of the innovator's product in the market. 

Mansfield (3-315) and Briscoe (3-316) both suggest that eaxly imitators 

speed up the diffusion processes - both within-industry and amongst 

customers. Robertson even found that the followers may be more adept 

at developing market acceptance (3-317). he gives the example of the 

atomic absorption speotrophotometer (AAS) which was first developed in 

1955- The inventor first licenced it to a U. K. fk m already skilled and 

recognised by scientists in the field of analytical instruments, however 

this company did not adopt the idea wholeheartedly because of the size 

of investment needed to develop it and also the possible repercussions 

that might accrue to the current product range* As a result the initial 

attempt at commercialisation was a failure. Five years later the licence 

was granted to three other companiesq including Perkin-Elmer of the United 

States whov within four years had developed the product to an unassail- 

able world leadership position - and it was the fourth company to enter 
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the market. 

Similarly, 4stein has found that a lack of competitive pressure to 

innovate maintains a 'technological status quo'; ".. it took nearly 

ten years for American manufacturers to become competitive with European 

rivals .. although U. S. firms had technical competence and manufacturing 

experiences tRese were not sufBicient. Lacking direct competition prior 

to the mid-19601s, U. S. firms had not been pressed to develop lower costs 

more efficient designs" (3-318)- 

Identification of follower-behaviour is further complicated by the degree 

to which a firm is committed to the existing technology. Fisher and Pry 

found that following the introduction of a new technology it is quite 

likely that the usage of the old technology will not decline immediately; 

they found examples of where it continued to expand. 

Technology substitutimýjwhere sales of the new exceeded the old9 ranged 

from 5 to 14 years (3-319)- 

Dewburst (3-320) found thab the lifb span of tyre-textiles tended to 

be about. 35 y9arsy whilst new textiles were being introduced eve3Zr 10-15 

years; in every case the old technology continued to sustain high market 

demand for some time after introduction of the news due to both economic 

(ie cost) and non-economic factors (ie resistance to tnewl technology). 

This is substantiated by Fisher and Pry who observed that those firms 

committed to the old technology "continued to make substantial commit- 

ments to the old technologies even when their sales had already began to 

decline because of the competitive pressures of the new technologies" 

(3-321). An interesting paxadox emerges; later adopters having 

resisted initially the new technology and responded by greater commitment 

to the old have exacerbated their risk of new technology adoption* 

A distress situation has become a more-distress situation; the risk of 

committing declining resources (caused by competitive pressure) to a 
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market that has technologically speaking 'moved' ahead may actually 

prevent a firm from adopting at all, so either moving out of that industry 

or closing down (3-322). A number of small pottery firms faced with 

technological reorganisation in the post 1948 reconstruction era chose 

not to-adopt and either went into liquidation or sold out to more 

progressive firmso One cannot always assume that risk necessarily 

declines for'later adopters through the diffusion process, 

INT=BM DIFFUSION 

Mansfield considers this process as the measure of how qaickly 

an industry substitutes a new technology for old (3-324)- Ayres 

indicated that this process roughly approximated an S-shaped distribu- 

tions naynely: - 

(i) a period of slow initial growth 

(ii) a period of rapid exponential growth 

(iii) finallyp a period where growth slows as performance 

approaches a natural physical limit asymptotically (3-325); thus 

following the classical diffusion curve suggested by Rogers. 

But what factors affect the rate of interfirm diffusion? A synthesis 

of the literature suggests a variety of dlements: - 

UjjZ.:, the expected value of the proposed change vis a vis (i) Profitabi 

the old technology* 

This also includes: 

elasticity of substitution of new for old technology, capital 

for labourv relative price movements. 

(ii) Mana-, -erial attitudes of the adopting firm. 

(iii) Poor interfirm communications* 

(iv) Degree of competitive intensity and-market structure seen as 

the ability of the innovator to control the diffusion process. 
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(i) Profitability: - 

Researchers, certainly of theleconomics school' have lent most 

heavily on explaining the rate of diffusion in terms of potential 

profitability 11... there exists an important economic analogue to the 

classic psychological law relating reaction time to the intensity of the 

stimulus. ýhe-profitability of*an investment apparently acts as a 

stimulus, the intensity of which seems to govern quite closely a firm's 

speed of response. In terms of the diffusion process it governs both how 

rapidly a firm begins using an innovation and how rapidly it substitutes 

it for older methods" (3-326). 

Mansfield felt that the expected profitability of an innovation is direct- 

ly related to the probability of adoption and that this probability is 

smaller for innovations of equal profitability where a large investment 

is involved; expressed in model form: - 

X Ce- 
L3 

W 

where 

IT 

J\ L ý(t) = proportion of firms not using the innovation at time (t) 

that introduce it by time (t + 1) 

OLJ the total number of firms for the jth innovation in the 

ith industry. 

the number of firms having introduced this innovation at 

time (t). 

the profitability of adopting the innovation relative to 

that of other investments. 

the investment required to adopt this innovation as a 

percentage of the total assets of these firms (3-327)- 
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SaD ort for Mansfield's research is given by Parker, who comments Ip 

... the model is capable of explaining Iractically all the variations 

in the rate of diffusion of the different innovations concerned" (3-328)9 

and by Griliches "the most plausible single explanation... would thus 

appear to be the commercial advantage. Users response would appeax to 

hinge on two characteristics: 

(i) the larger the stimulus (profit)t the faster the reaction 

(ii) in an uncertain environment it takes a shorter time to 

find out that there is an advantage, if that advantage is large" (3-329), 

Profitability must also be viewed in terms of the costs of transferring 

from one technology to another; costs not only capital but also labour 

and raw materials costsq increasing upward movement of such costs can put 

pressure on a firm to adopt new technologies. 

(iii) Managerial Attitudes 

However, relating profitability to rate of diffusion does presume that 

the would-be adopter can identify and laccuratelyt measure the profit 

potential gf. adoption. 1 Lack of objective data is substituted by 

$executive judgment' with its inherent shortcomings. Profit estimd es 

are likely in swh cases to be coloured in the light of the managerial 

attitudes towards adoption of the innovation; hence the adoption 

behaviour of two competitors viewing the same maxket potential may 

diverge considerably. 

(iii) Poor interfirm communications 

The rate of diffusion of a technological innovation seems likely 

to be affected by the amount and nature of relevant information circulat- 

ing within the industry. Often the launch of a new technology (sometimes 

even before) is marked by a formalised press launch aimed at obtaining 

maxiimim utilisation of editorial space to reach prospective customers; 

it does, however, also inform competitors of the current state-of-the- 
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art; for example RU (Medical) Ltd. launched a new whole-body X-ray 

scanner at a world exhibition ia the West Indiess where scientific papers 

were delivered to those assembled, including the opposition (3-330)- 

Moreover, within what is usually considered to be a 'well-informed' 

scientific community, it is likely that competitor developments are 

known to otheA in the industry; *as Carter and Williams found "... quick 

adopters axe likely to have excellent communications both inside and out- 

side the firm" (3-331)- 

Czepiel has suggested the importance of less formal sources and networks 

of communication "... it is not unusual for competitors actually to make 

social calls on each other" (3-332). He is suggesting the formation of 

friendship patterns within the technological system, cemented by regulax 

patronising of technical society meetingsl trade associationsg exhibitionst 

possibly university and so on 

Shimshoni has added a further dimension to the work of Czepiel by 

identifying the importance of mobility of personnel in transferring 

technical. knowledge; the movement of a knowledgeable individual 

from one laboratory or firm to andther organisation is a very effioie-, -it 

way of transferring knowledge" (3-333). He ftund that 11 ... a veW large 

proportion of innovators were associated with the mobility of technical 

leaders" (3-334)- 

For example, the Bell Telephone LaboratorieB are accredited with 

the invention of the transistor in 1948, but chose not to announce the 

fact, instead to continue development to achieve higher reliability. 

Diffusion began as scientists left Bell to form their own companies 

to develop transistors under licence from Bell (3-335)- 
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(iv) Competitive intensity and 

market structure; innovator control of the rate of diffusion 

Evidence from the literature is minimal regarding the relevance 

of system influences (eg market structure - numberg type of competitors) 

to the rate of diffusion rather than cause-effect of adoption behaviour. 

Organic systems are considered to-have a higher propensity to innovate 

(3-336); similarly, various market structures are considered to engender 

innovationg but rates of diffusion affeoted by size of industry, number 

of competitors, number of customers is not conclusive. Mansfield does 

suggest that empirical studies indicate that ihe size of firm is a 

significant factorp na-melyp that there is an inverse relationship between 

firm size and the time of adoption (3-337)- 

Environmental influences have been seen as influencing innovation, for 

example Ansoff and Stewaxtj but influence primarily in terms of adoption 

behaviour rather than explaining the inter-firm speed of adoption (3-338)- 

Twiss suggests that as industries become 'established' the pace of 

innovation slackens because growth is sustained by market demand for 

current goods; it is when this growth slackens, and profits fall, that 

pressures develop for firms to innovate (3-339)9 however, Twiss is 

primarily considering earlier adopters behaviour, in fact later adopters 

might only be incorporating a new technology into their business late into 

the market acceptance curve. . 
Again, Twiss tells us little of structural influences. 

With particular regard to technological innovationg the rate of diffusion 

is as much determined by the ability of the innovator to control the dis- 

tribution of the technology as is customer acceptance. With technological 

products it Is likely that the innovatory firm will have a period of time 

to exploit its tmonopolyýpositiont in the market place befofe imitation 

by the competition. Wasson suggests this lead time is necessary; 

the crucial problems are appropriate design for initial customer needsq 

0 
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especially reliability and freedom from annoying defectsq and education 

of the potential maxket" (3-340); it is also a time to recover initial 

development costs! For example, over aperiod of eighteen months 

Reynolds International Pen Company held a virtual monopoly on the 

production of ball-point pensq during which time the company recovered 

its initial development 
costs one hundred fold (3-341). 

This is not to say that the innovator necessarily always exploits this 

lead-time to the best of his advantage. Bowmax are accredited as 

having developed the first hand-held electronic computer in the U. S. A., 

yet soon lost this advantage through poor production expertise and lack 

of market vision. IIZI, who were second to marketg gained market dominance 

because it perceived a need for software libraries and technical 

assistance as part of the services offered to the customer. 

The imovator is faced with a dilemma. Should he release knot-iledge, 

how much and to whom? Lovell found that the innovator can stimulate 

customer interest through increasing the rate of inter-firM diffusion; 

a good many licencing companies say they granted licences to com- 

petitors because they believed they could in this way increase the over- 

all demand for the innovation" (3-342). Lovell also found that com- 

petitors, themselvesq showed a willingness to take up licences rather 

than spend resources to circumvent patents; these desires to licence 

"normally arise out of a desire on the part of the competitor to be free 

of infringement in product features or technology it has developed and/ 

or is already using" (3-343)- 

Yet the dilemma is that the licencee might affect the innovator's own 

market position, the Japanese bulk-purchased licences post-1945 and have 

sincey according to Lipsey and Ste; ntr erased numerous companies who 

originally supplied the licences (3-344)- Technology diffimiont using 

licencing agreements, remains a method of gaining a foothold in overseas 
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markets (3-345); as Steele comments "diffusion of technology has become 

an instiument of international diplomacy" (3-346). 

A CASE RISTORY OF 

INTER-FIRM DIFFUSION (3-347) 

The-Wankel Rrigine 

The motor industry is not one in which major innovations succeed 

one another rapidly (especially in engine technology). Most cars still 

use the Otto-cycle piston engine which evolved in the early years of the 

century. Innovation seems mainly concerned with constant minor develop- 

ments of traditional designs and with fashion changes. 

In 1951 NSU was a very small technology-orientated firm with approxim- 

atelY 4000 employees; its main business was motor cycles although it 

did manufacture a small number of cars. 

Dc. Wankelq an independent inventor, approached NSU - Dr. Froede (Research 

Executive)q who sold the idea to Mr. von Heydehampf (Chief Executive) 

and von Frankenberger (Chief Engineer); Professor Baier at the Technische 

Hochschule, Stuttgartq was called in as an independent third party to 

assess the worth of the invention. Attitudes to the invention were 

affected by the distress situation within the company (post 1957) of a 

rapidly declining motor cycle demand. 

Because of the drain on limited resources NSU sought cooperation in 

development; first Curtiss-Wright and later Citroen joined the develop- 

ment process. 1963 marks the first commercial application, in the NSU 

Spyder sportý car; there soon followed outboard motorsq the NSU Ro 80 

in particular. (Figure 3-18 presents time scale of early developments). 

General scepticism for the project remained within the industry up to 

around 1968; gradually licences were sought and taken out by a number 

of world wide companies, namely 
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1 1951 Dr. Wankel joins NSU as "free collaborator" 

1954 Inherent design problems solved :a new triangular piston I 
developed 

1957 fi3ýst test engine runs * 

1958 opposition by personnel within NSUýut charapioned by chief 
executive 

1959 Need for extra finance for development but no conventional cax 
manufacturers interested; agreement signed with 
CURTISS-WRIGHT CORPORATION 

1962 Tripartite development agreement signed with CITRON 

1963 First commercial applications sold (NSU Spyder) 

1968 First interest shown for licences 

1969 NSUmerged with Auto Union (Volkswagen) 

1970 Now 16 major licencees 

1971 General Motors seek licence 

11GURE 3.18 THE WANKEL ENGINE : EARLY STAGES OF 

DEVELOPMENT 

Toyo Kogyo (Japan) 

Fichtel und Sachs (Germany) 

Daimler Benz (Germany) 

Outboard Maxine (U. S. A. ) 

Curtiss-Wright (U. S. A. ) 

Perkins (U. K. ) 

Rolls Royce (U. K. ) 
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- by 19709 16 major licencees were involved in diffusing the irmovation. 

It is noticeable that General Motorsq t1m world's largest motor company 

showed scant notice to the innovation during its earlier years of 

development (1951-69); the autoeng-ine will remain basically the 

same as it is now for the rest of the century, chiefly because it is easy 

to build and ; aintain. It may be developed and stretched, but not 

fundamentally changed or supplanted" (G. M. Reseaxch Executive 1968). 

Technological myopia was matched by a general market shortsightedness 

... when high-volume production is involved, cost reduction can be more 

profitable than new products unless they are really revolutionary" 

(G. M. Marketing Executive 1968). 

It was not until after the NSU merger with Auto Union (that includes 

Volkswagen) and the demonstrated market acceptance (Post 1970) that 

General Motors finally conceded its original stand and sought a licence 

from the irmovator. 

A number of points can be highlighted from the Wankel case history: 

(i) The source of the invention arose outside the company. 

(ii) Initial resistance within NSU was countered by the presence of a 

product champion (von Heydehampf) 

(iii) Innovation in a distress situation. 

(iv) Initial diffusion of idea with first Curtiss-Wright and later a more 

direct competitor Citroen. 

(v) 1"urther technology transfer as competition can perceive market 

success (other early licencees) 

(vi) The initial reluctance of General Motors - the largest producer and 

so most committed to current technology - to become involved in the 

innovation a factor suggested by Mansfield's research. 
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CUSTCMER ACCEPTANCE 

AND DIIWSION 

Attention now turns to that sec=d diffusion process outlined in 

figure 3-17 (3-348), that of the acceptance process within the customer 

system* Whilst this acceptance process is initiated by the innovator, 

subsequent behaviour by its competitors (eg imitation by licencep develop- 

ment of alternative technology) will determine this system's rate of 

diffusion. For clarity of definitiong much ignored by reseaxchersg the 

term linnovatory customer' is given to the first adopter of the innovation 

in the customer system. This is deemed important because whilst an 

innovation may be new to a particular customer systemo it may, in factq 

have been availableg albeit in a different form, in other customer systems. 

Indeed Isimila=1 applications may be used by-the supplier to convince a 

particular customer system. Zaltman and Bonoma conclude ".. the notion of 

the modifiability of the product is not taken into account" (3-349). This 

is certainly of interest to the reseaxcher of innovation in international 

markets; for exampleg Maxconi Com=inication Systems Ltd developed a 

tele-cine uni t which although being elect3mnically highly advanced. has 

been tsimplifiedt to aid installation and maintenance in less technical 

overseas maxkets (3-350)- 

A second consideration affecting customer adoption and diffusion relates 

to the source of the innovatory idea. Earlier, the importance of tdemand- 

pull' vis a vis 'technology push' was reviewed in terms of securing 

interest from the customer system (3-351); that is to say, that ideas, 

generated in the customer systemp refined by the supplier (ie the innova- 

tor), are more likely to be received favourably by the former system 

(3-352). The idea may take the form of a direct customer enquiry to solve 

a technical problem or astute market research on the part of the innovator 

to match innovation with user needs. Similarly, adoption is eased by 

close cooperation during development between supplier and customer; for 
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example, Ekco Instruments (paxt of the Pye Group) developed the world's 

first electronic fail-safe system for cranes in close cooperation with 

one of its major customers (3-353)- 

Customers for technological innovation tend to be other organisations; 

sometimes consumer end-users axe the direct recipients, for example, the 

Ford Motor Co; pany received the (: ý'ieenls Award for Technological Innovation 

for the development of an advanced caxburettor system which was installed 

in the Ford Fiesta (3-354)9 similarly Sinclair Radionics with its digital 

calculators. 

Howeverg for this thesist interest in customer-systems is restricted 

to intra-organisational buying; customer adoption (and subsequent 

diffusion) is examined in three parts: - 

(1) The nature and flow of communications between buyer 

and seller 

(2) The response of the customer 

(3) The effect of customer adoption on subsequent diffusion - 

the 'customer contagion effect'. 

COMMUNICATIONS BETWEEN INNOVATOR 

AND CUSTOMERS 

Communications reseaxch suggests that the effectiveness of a 

communication can be seen to be a function of five vaxiables: - 

(i) The message 

(ii) The chaxmel(s) used 

(iii) The source of the message (the communicator) 

(iv) The action advocated 

(v)- The audience , 
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(i) The messapm 

The message mustbe interpreted (ie decoded) by the customer 

(audience) as being beneficial to that buying organisations namely that 

it has to contain the right 'motivating appealst. 

(ii) The channel(s) used 

The credibility of a message can be reinforced or weakened by the 

channel(s) used to communicate that message. The innovator is faced with 

the choice of a variety of formal channels - media advertisingg public 

relations/editorial matter, exhibitionsq mailed sales literature, the 

salesforce - to reach the customer, although, in practicel choice may be 

limited by the innovator's lack of resources, Some doubt has been rai6ed 

as to whether the innovator understandswhich appeals to use in which 

channel .. "advertisers did not correctly perceive the influence of 

advertising appeals upon the respective market segments concerned" (3-355)- 

Certainly industrial advertising reseaxch is less advanced in terms of 

methodology used and in practice than its consumer counterpart. Blame 

has been-laid-at the door of industry itself; small budgets precludep on 

an opportunity cost basisq the likelihood that researchv possibly costing 

as much-as the original exerciseq will be commissioned. Hence channel 

effectiveness remains subjectively assessed and open to doubt. 

In addition to formal channelsq research indicates that impersonal 

channels may play an important pai-t in supplementing or even replacing 

the latter networks (3-356). ".. the role of friendships maintained by 

purchasing agents is important and very often ignored or even denied in 

traditional research" (3-357)- Similar networks, forged through joint 

membership of professional bodies, clubs and so ont particularly if aided 

by close geographical proximityp may also exist; some indication is 

provided by Allen who found of technologists 11... these key people differ 

from their colleagues in their orientation towards outside infonation 
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sources. They read fax more, particularly the 'harder' literature. 

Their readership of professional engineering and scientific journals is 

significantly greater than that of the average technologist. They also 

maintain broader ranging and longer term relationships with technologists 

outside their organisations" (3-358)- 

(iii) Source of messa, -, e - the communicator 

Cardozo and Cagley found that in high risk situations industrial 

bqers sought more info= tion through prefering to deal with 'known' 

suppliers (3-359); credibility of a message is affected by the buyers' 

perceptions of the source of the message. Webster found that buyers 

rated the innovator's salesforce as the most 'trusted' source of 

information (3-360). These findings add support to the concept of 

'source loyalty' proposed by Wind (3-361) and by Cunningham (3,362). 

Luffman suggests "strong source loyalty between buyers and sellers" 

(3-363); he feels that the customer is more likely to change suppliers 

if he is experiencing dissatisfaction with the c urr ent supplier than 

because of the arrival of an innovation by a rival supplier. Alexander 

refers to trusted sources in terms of 'confidence' -a force cementing 

relationships between buyer and seller 11... the feeling cf certainty 

that the supplier will do as he promises and spaxe no effort in trying 

that his claims, with respect to his products and services, can be 

accepted without serious question and that he can be counted upon to 

help execute special projects" (3-364); confidence is thus related 

to known suppliers and thdir performance in the ma et place over time. 

In contrast Lambert studied the effect of post-choice innovation 

evaluation as an input to future decision making; in questioning the 

presence of 'loyalty', he comments "attitude movements of chosen alter- 

natives axe not necessarily opposite those of unchosen alternatives and 

that, in terms of attitude response, criticism is not the inverse of 



206 

support" (3-365); -imnely, that each purchase is taken on 'face value'. 

Neither stance particularly has considered the possible collaboration 

between buyer and seller as influencing credibility of the seller. 

Past collaboration or even current will influence the reception of 

messages generated by the seller. 

(iv) The action advocated 

Adoption of innovations especially for the earlier adopters, 

contains an element of high risk. The actiong thereforeq being advocated 

is likely to. be calling into question existing practices, In addition 

competitors will be explicitly or implicitly advocating non-adoption. 

Evidence suggests t1wt . given the nature of the buying situation, certain 

channels are less effective for communicating high-risk innovation; 

that sellers favour direct face-to-face contact, with possible demonstra- 

tiong as the most effective way of communicating with buyers (3-366). 

Reaction to the action advocated is examined below. 

(v) The audience 

The effectiveness of a communication is ultimately judged by 

the reaction from the intended audience. The problem for the seller 

is to identify the audience influential in innovation decision making. 

The audience's response is an aggregation of decoding of the elements 

(messageq mediag etc) discussed thus far; a decoding process that takes 

place within a prevailing lorganisational climate'q favouring or un- 

favouring adoption. The response of the audience is examined in the 

following section... 

CUSTOMER RESPONSE TO 

COMUNICATIONS FROM THE INNOVATOR-SYST34 

How industrial customers buy has been the subject of considerable 

interest in the literature; Sheth cites over 1000 bibliographic items 

on organisational buying in a recent literature review (3-367), but feels 



207 

that their impact has been reduced because researchers have sought to 

apply concepts direct from consumer-maxketing (in paxticulax individual- 

psychology) rather than applying concepts from organisational theory to 

organisational buying behaviour. Modem consenzus suggests the need to 

view the process of adoption as group decision-making the study of 

industrial mLketing is basically'the study of the behaviour of formal 

organisations" (3-368)9 but to retain the recognition that individuals 

do influence group decision makingg ".. it is important to distinguish 

between the public and private aspects of industrial purchase decisions 

., whilst there will generally be consensus and broad knowledge about 

the public aspectq there is difficulty in isolating and detailing the 

private aspects of the purchasing officer or any other unit in the 

buying process" (3-369). 

Problems of study are exacerbated by the fact that an innovation adoption 

decision -a high risk decision - is likely to be a function of a number 

of decisions made by any number of groupsq functional depaxtments and so 

on. A typical breakdown of this process is to recognise potential 

differences between: 

users 
buyers 
deciders 
influencers (and 'gatekeepers') 

For the researcher the problem is to decide and clarify his unit for 

analysis, as Nicosia and Wind state ".. the choice of an appropriate 

unit of analysis affects the subsequent and critical choices of 

variables, their measurement and analytical procedures soo this choice 

involves copiplex processes. which axe generally ignored" (3-370)- 

Choice of unit for analysis is seen by Nicosia and Wind to be dependent 

upon the researchers academic discipline; they cite purchasing/maxketin, (, ', 

models as prescriptive lists of 'dots' and Idonts' which demonstrate 
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'too a conspicucus lack of explicit assumptions and facts about these 

buying processes" (3-371)- Secondly, they feel economic models have 

#I** reached a high level of sophistication and the maturity to be 

encoded into precise mathematical models" (3-372)9 but that they 

generally fail to describe the 'process'; "the economists contribution 

to our undersianding of industrial buying behaviour is limited becMse 

he overlooks the influence process by which firms become aware of, and 

evaluate new products" (3-373)- 

Nicosia and Wind press for interdis ciplinary models, viewing organisa- 

tional buying as a multi-dimensional process; "(they) must include not 

only activities of the buying process9but also the people who initiate 

and perform these activities md an evaluation of the results of such 

activities" (3-374)6 This view is shared by other researchersq Buchner 

(3-375), Webster and Wind; the latter conclude that "traditional views 

of organisational buying have lacked comprehensiveness" (3-376). They 

present a multi-variable model encompassing economic and non-economic 

variables - 

enviromental influences 

organisational influences 

buying tasks (routineq non-routine) 

organisational. structure 

buying techniques 

buying centre (users, deciders, etc) 

social (interpersonal) influences 

individual behaviour* 

In so doing they accept that this untested model should be no more than 

a framework seeking to identify the elements impinging upon organisational, 

buyingi "the framework presented is reasonably completeg although the 

details clearly are lacking" (3-377)- 
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Less comprehensively, Buzzell lus illustrated the multi-role buyirz 

process in quoting fourteen different people being involved in the 

purchase of a new air compressor (3-378)9 but does accept the difficulty 

of isolating the importance of any particular person in the making of the 

decision and the problem of identifying the relative importance of 

private (persBnal) goals vis a vib organisational objectives - Feldma--l 

and Cardozo call this "a correction for emotional factors" (3-379)- 

A number of researchers have sought to explain the buying process. 

Ozanne and Churchillp having synthesised the literaturet suggest that 

pressures on an organisation to adopt innovation arise from five 

factors (3-380): - 

(i) cUacity problems : that present equipment is incapable 

of meeting current or projected output. 

(ii) skilled labour problems : similarly, a shortage of skilled 

operatives creates a pressure on management to shift to less-skilled 

machines. It is a fact that high technology does not necessarily demand 

a high level of skill from the operativeg though equally it can put 

press=e upon maintenance and managerial skills within the organisation, 

(iii) equipment obsolescence : Ozanne and Churchill axe nct 

specific as to the cause of this obsolescence. Whilst it may be replace- 

ment of technology at the end of its 'life', it may also be a pressure of 

technological advances adopted by competitors 'forcing' the adoption 

by the organisation, 

(iv) purchase replacement decisions : Ozanne and Churchill found 

that companies were tending to integrate backwards, producing what was 

once supplied because of a technical dissatisfactiion with suppliers. 

(v) new task or problem : pressures from an organisation's own 

customersq requiring a task beyond its own capabilities may pull through 

innovation from a supplier. 
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In additionta number of more immediate pressures, directing attention 

to a specific soupplierv were recognised; Ozanne and Churchill called 

these 'purchase-directing factors', namely: 

quick delivery 

cost/benefit comparisons 

special product ýttributes 

personal selling 

past experience with supplier. 

Ozanne and Churchill have'sought to provide 'reasons for adoption't but 

they do not describe how supplier communications is receivedland how this 

information is disseminated to interested parties within the organisatione 

The literature concerned with industrial customer adoption processes 

parallels thought outlined earlier when dealing with the innovator's 

adoption process; ".. the traditional adoption process model can be 

applied in the industrial setting" (3-381). and so is not repeated here. 

The importance of Itrialabilityl is seen as providing 'proof' to decision 

makers, though it will lead to extended predecision deliberationg that 

isq the period over which the decision to adopt (or reject) is increased 

to counter the lack of experience regarding judgment of the new technology. 

Attempts to provide universal set sequences of stages in the adoption 

process are questioned by O'Shaughnessy who writes "... there is always 

a danger in listing such stages of confusing a logical sequence with an 

inevitable and unvaxiable process, or of fitting observations into some 

predetermined sequence andq in effect, assuming what has still to be 

established" (3-382). 

What is notin dispute by researchersq is that organisational. buyingg like 

the development of the innovationj is the response of individuals inter- 

acting with fellow-members in the organisatione A self-preservation 

effect of the individual's position in the buying process was highlighted 
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by O'Shaughnessy who referred to it as 'the allocation of buying 

responsibilities' ... "participants did indicate they gave priority to 

factors which they would be held accountable" (3-383); this reinforces 

similar conclusions held by Wind (3-384) nnd Newall (3-385)- 

Barnes suggests that the diffusion cf risk may be a conscious effort on 

the part of aecision-makers; 11ii is quite possible the, t the executive 

feels uncomfortable with the amount of risk which he perceives, in which 

case he may seek to spread it among his colleagues" (3-386). 

Each individual (or sub-group) involved in the adoption/rejection 

decision is expected to perform a number of specific goals, namely his 

prescribed role in the organisation - the Purchasing Officer to ensure 

deliveryp the Technical Manager to ensure performance and so on. These 

specific goals provide the first level of consideration in the ensuing 

interaction in the group. 

In additiong each individual (and sub-group) interprets these specific 

goals in terms of his own personal goalsp expectations and aspirations - 

"the buyer synthesises and reconciles the needs of his company with his 

own personal goals and with those of other individuals and groups in the 

organisation who impinge upon the purchase decisim" (3-387)- 

Possible reconciliation of diverse goals within the formal context may 

range from jural settlement - that is an agreement to abide by the 

majority decision to adopt or reject - the possible outcome being a com- 

promise to 'delay adoption' rather than 'outright rejectiaal -, to power 

bargaining and autocratic forms of management decision making. One 

researcher has found the importance of 'power bargaining' in the speed of 

adoption, in particular "the power to control information flows" (3-388)- 

The adoption process for the customer-organisation differs from that of 

the innovator in one particular aspect - namely, whether initiated by the 

customer or not, the innovation is sold to the customer by the innovator 
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(or competitor); and sold through formalised channels, the Purchasing 

Function. So how important is this function in terms of innovation 

adoption? Answers from the literature present contradictory evidence.. 

From their studies Zaltman and Bonoma found "the role of the purchasing 

agent in the adoption of technological innovation is relatively unstudied" 

(3-389), in a7similar vein Mogee and Bean suggest that the literature 

"has virtually ignored any possible roles played by purchasing agents" 

(3-390)- Whilst a number of researchers - Strauss (3-391)9 Ammer (3-392). 

consider the role to be insignificantg Magee and Bean did conclude that 

"the purchasing agent plays an important role in industrial innovation 

but is not the principal decision maker" (3-393)o Lehmann and 

O'Shaughnessy feel that the purchasing agent is vital to the decision 

making process by providing information in four areas: - 

(i) reliability of delivery 

(ii) reputation of potential supplier(s) 

(iii) provision of details of technical after-sales and mcre 

question4bly 

(iv) to help assess product reliability 

Newall provides a part an wer to this paradoxg namely that role is pres- 

cribed by the organisational structure. He suggests that the role will 

vary according to size and structure - "that the highly structured 

purchase procedure of the laxger companies acts as a protective mechanism 

which reduces or diffuses the level of risk perceived by members of the 

buying group". whereas "in small companies, such a defence mechanism does 

not exist" (3,394)- Although Newall does not identify the strength of 

influence of the purchasing agent in either the small or large orgLnisa- 

tion, his work does support Mogee and Bean's contention that the 

purchasing agent is likely to be a 'gatekeeper' in structured (mechanistic) 

organisations. Further supportive evidence is provided by Zaltmann and 
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Bonoma - "he (purchasing agent) implicitly becomes a decision maker 

by allowing more favourable information from a favourable bidder to flow 

up to formal decision makersq while allowing less information of a 

favourable nature from less favoured bidders to flow up to formal 

decision makers" (3,395)- Marrian suggests that the status accarded to 

the purchasing agent is important' if it is low he may act as an 

fintervent--onist' in the buying process in a manner to enhance and raise 

his status (3-396). 

Haksansson and Wootz feel that it is the purchasing agent's education 

that is the most important variable in explaining his role in innovation 

decisions - "a highly educated purchaser is also sensitive to differences 

in the degree of risk in the situation" (3-397). Marschak suggests 

buyers may undertake a kind of 'quasi-marginal' calculation whereby they 

terminate search (for suppliers) at the point where the marginal cost of 

search was greater than the expected marginal return (3-398)9 though he 

presents no evidence to support this contention! But more specifically, 

there seems to be a general movement towards risk assessment by the 

purchasing agent becoming more methodical - "there is some evidence to 

suggest that there is an increasing use of various analytical techniques 

is tending to give (purchasing) d greater scientific orientation" (3-399). 

However, it is possibly the purchasing agent's lack of Itechnicall 

education that inhibits his level of contribution to technological 

innovation adoption decisions; Clemens foundp in a study of the U. K. 

plant equipment industry, that purchaser agent influence was as low as 

19% contribution (3-400)- 

A CUSTOMER CONTAGION EFFECT? 

Finallyq attention turns to the diffusion of innovation in the 

customer rather than innovator system. Of particular interest is the 

effect the adoption by the innovatory customer has upon others in that 
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system (as has already been saidg it may have a similar effect upon the 

attitudes and behaviour of the innovator's competitors), Mansfield's 

studies support the presence of a similar contagion dffect discussed 

with respect to the innovator system (3-401); as experience of usage 

md information in the market place increases, so the risks associated 

with adoptioZ decreasel whilst co'mpetitive pressires from earlier adopters 

help to stiimilate the interest of those still yet to adopt. These 

pressures to adopt, namely competitive pressuresl are multi-source as 

figure 3-19 illustrates: - 

INNOVATOR'S COMPETITORS 
INNOVATOR 
(SUPPLIER) 

ECUSTC 
OWN 
COMPETITORS 

PRESSURES FROM 
OWN 

CUSTOM SYSTEKS 

FIGURE 3-1.9 MULTI SOURCE PRESSURE'S TO ADOPT 

Where researchers have studied diffusion in customer systems as opposed 

to diffusion in the innovators systemq again one finds little support for 

the theoretical IS'-shape distribtuion to describe the process; critics 

include Cooper and Schendel (3-402) and Hayward, who writes "none of the 

five innovations exhibits the 'bell-shaped curve' and it is considered 

that this shape is not necessarily applicable in the case of technological 

innovations" (3.403). An interesting feature of the industrial diffu Sion 

process is the time taken for diffusion; Haywaxd, for examplep found 

time differed between 8 and 18 years, whereas Mansfield found 60% market 

acceptance could take between I and 20 years. 

One concept that has achieved coverage in the literature used to 
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illustrate maxk-et acceptance over time has been the 'product life cycles 

concept (3-404). Although usually viewed from the suppliers perspective 

it, nevertheless, shows a remarkable similarity witi the traditional 

Roger's diffusion curve as figure 3.20 illustrates: 

4AACKEC 
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MAU Yll 

Qs 
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FIGURE 3.20 : THE PRODUCT LIFE CYCLE AND ROGER'S DIFFUSION CURVE 

How similar are these two curves? Are they illustrating the same process? 

If one accepts a product life cycle of a product generic type, then it 

can be used to describe the sales of that technology over time. It is 

suggested that the shape of the curve is dependent upon three inter- 

acting variablesq namely: - 

(i) the rate of customer acceptance and rejection 

(ii) the ease at which competitors can imitate 

(iii) the level of technology inherent in tIm product. 

Similarly Roger's diffusion curve seeks to describe the rate of market 

acceptance by identifying adopter-typest however Roger's curve classifies 

adopters in terms of the time of their first adoption. His curve does 

not cater for repeat adoptionsq whereas the product life cyclej as 

generally presentedq does not distingu-ish between first time and repeat 

purchases. There is likely a stronger correlation between the two 

curves in the early stages of the innovation; at the launch (introduction) 
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those buying can be assumed to be the innovators, and that early market 

development is due primarily to early adopter behaviour and the sub- 

sequent contagion effect, but as the product life cycle moves towards 

maturityg so it does not distinguish between possible early-adopte-- repeat 

behaviouraid later adopter first-tim purchases. 

Just as Roger*s IS' shape diffusion curve has its critics, so too does 

the product life cycle; despite a general acquiescence of the ocncept 

among academics and practitioners (eg Fox's study of the Ciba-Geigy 

Corporation (3-405)), a number of studies testing it empirically have 

found that it lacks validity (3-406); Dhalla and Yuspeh conclude 

".. in some respects the concept has done more harm than good by 

persuading top executives to neglect existing brands and place undue 

emphasis on new products" (3-407)- 

Whilst there may be disagreement as to whether distributions of 

collective adoption decisions can be tfitted' meaningfully into 

theoretical S curvesp such distributions do not, in themselvesl explain 

the nature of. the contagion effect referred to earlier by Mansfield. 

One factor that is suggested in activating the diffusion process is 

the presence of 'opinion leaderstj similar to that discussed for 

innovator systems (3-408). Bat should the researcher always assume 

that opinion leaders will necessarily be'in favour of adoption? The 

author found no evidence of research directed towards opinion leadership 

advocating rejection of innovation. 

Lancaster and White comment that "little work has been done on the 

question of opinion leaders in industrial maxkets compared to consumer 

goods .. the characteristics of opinion leaders have been discussed 

relatively little" (3-409). 

Webster found that respondents reported number of characteristics that 

identified a company as an 'opinion leaderto namely: - 
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(i) large size 

(ii) same industry as followers 

(iii) a company seen as committed to new product development 

(iv) a growth company 

(v) financially successful 

(vi)"possessing progressive top management, 

- however he found only two respondents from fifty that indicated there 

were certain companies they consistently looked to because those companies 

acceptance of new products was important to them; it led Webster to 

conclude ".. opinion leadersq if they exist at allp seem to be rare in 

industrial markets" (3-410). Howeverl in a more recent studyp Banting 

indicates that customers said it was most influential in their decisions 

to adopt innovation if they could observe similar firms successfully 

adopting it9 and similarly rejection by other like-firms might cause a 

rejection-contagion effect "(3-411)- 

During the author's own investigationsp a number of suppliers (ie the 

innovators) stressed the importance of gaining the acceptance by particulax 

customers as the first stage to obtaining market diffusion. For example - 

(i) Railko Ltd. developed a new type of marine bearing which, 

when adopted by Shell Maxine Ltd. 9 provided the subsequent impetus for 

other customers to adopt (3-412), 

(ii) Ekco Instruments enjoyed a similar experience with Lansing- 

Bagnall regarding electronic systems in fork-lift trucks (3-413). 

(iii) It does seem that the opinion leader need not necessarily 

(as suggested by Webster) be a direct competitor. Sorex Ltd., the world's 

leading innnvator in rodenticides gained market acceptance in U. K. by 

gaining acceptance of the Ministry of Agriculture who then toold' the 

idea to farmers (3-414). 

Researchers also seem undecided as to whether opinion leaders (if they 
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exist) are the innovatory customers; Lancaster and White write 11 ... 

industrial markets would also benefit from knowing whether innovativeness 

is linked to opinion leadership (3-415)- 

Lazer and Bell suggest innovators are different from opinion leaders and 

other competitors, they suggest the business norms of the innovator 

(eg attitude to risk) differentiate them from the others and that these 

differences a3m perceived by the competitors to the extent where these 

innovators tend to be watched rather than followed; it is the opinion 

leader who will relate the behaviour of these 'deviants' closer to the 

prevailing industry norms and influence the diffusion process (3-416). 

The author's own investigationsp though limitedp failed to establish 

such a 'black-and-whitel distinctim . for examplep the Railko-Shell 

Marine and the Ekco-Lansing-Bagnall were situations where innovators 

were also perceived as opinion leaders in their industry, 

Mansfield suggests that the likelihood of a company being a regular 

innovator dimini-shes over time: - 

(i) if two innovations are reasonably close together in time 

there was a tendency for the same canpany to be relatively quick or 

slow to introduce both 

(ii) there is only a slight tendency for technical leadership 

to be concentrated and this diminishes over time 

(iii) if the time separating two innovations increases there is 

less correlation between the speed of response to the first and then 

between notable innovations can to the second innovation; the time lag 

have resulted in structuralg managerial and market fortunes for any 

particular company. 

If 'leadership' exists, how is it communicated to 'follower-organisation'? 

In his questioning of the existence of opinion leaders Webster suggests 

that because technologidal innovators are likely to be asked to supply 
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'more complete information' than perhaps occurs in other ma ketsq which 

reduces the need for informal product-related interfirm communication 

(3-417). * 

In practice it does seem that included in this tmore complete informa- 

tion' buying firms seek reassurances in terms of competitors who have 

already successfully adopted the innovation; "information from another 

firm about the use of an innovation is probably the most convincing 

type" (3-418) - I-C-I- amongst others use successful case histories in 

the sales literature to convince later adopters. This information need 

not necessarily follow some form of contact between firms; knowledge 

of adoption by the former may be monvincing enough. 

A number of studies substantiate this intangible aspect of communica- 

tions 11... in certain areas of diffusion reseaxch impersonal communica- 

tions have been found to be highly important inthe diffusion of 

information" (3-419)- Webstert himselft suggests that as the perceived 

risk of purchase increasesq so would the likelihood that inter-firm 

impersonal communication (3-420). Possibly interpersonal communication 

is affected by 'proximity; namely geographical location, industly 

affiliation, professional trade association memberships and other social 

interaction. Also, a point raised earlierg the mobility of labour 

transferring technology. 

Zaltmnn and Bonoma in a comprehensive study suggest 'leadership' is 

communicated at two levels: - 

(i) competitive performance is communicated; this would support 

eaxlier suggestions that at least a number of characteristics attributed 

to opinion leaders are based upon competitive technical success. 

(ii) informal contact - trade showsp meetings, etc. 

Zaltman concludes "word of mouth communication among buying firms is 

greatly underestimated" (3-421). 
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Word of mouth communication between firms can be stimLaated by the actions 

of the innovator (or an imitator); on the one hand adoption contributes 

to customer experience, and on the otherg diffusion can be aided by the 

innovator providing the opportunity for customers to try the innovation 

before adoption. Whilst this may not be possibleg particular for small 

companies (ie"indivisibility of the technology), this can be circumvented 

by demonstrations at the innovator's premises, or at a particular 

customer's premises and inviting others to observe. 

Also, there exists for oaxly adopters the risk that technology -dill be 

superceded, to the benefit of later adopters. E. M. I. Medical overcame 

this by undertaking to incorporate technical modifications into eaxlier 

customerst at little penalty or cost to the customer (3,422). 

This section closes with an exaYnination of the homogeneity of the customer 

system; is there a propensity for some customers to be regularly more 

innovatory than others? The distinction between early and late adopters 

in the customer system is frequently blurred with studies of early and 

late adoPters'in the innovator's system. 

One of the earliest and oft quoted research studies is that of Carter 

and Williams, who divided firms into three categories: - 

(i) those at the forefront of using technology 

(ii) a laxge middle groupp neither leaders nor wholly dis- 

interested in new technology 

(iii) those "quite uninterested in science and technology 

perfectly content to continue with traditional methods without even 

examining the alternatives" (3-423)- 

In arrivingpt these conclusions they used a large number of Icharact- 

eristics1p but did not: - 

(i) question how these firms developed these characteristics 

(ii) how enduring these chaxacteristics in a firm were over time; 
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namelyq would the same firm continue to be technically progressive. 

A more recent study by Webster (3-424), testing innovativeness against 

size of organisationg found: - 

Laxger firms are more likely to be able to afford the net 

new investment required for adoption, and will therefore tend to adopt 

earlier. 

(ii) Larger firms are more likely to be able to absorb the risk 

of innovation and will therefcce tend to adopt earlier. 

(iii) Smaller firms are more likely to value technical infQzma- 

tion provided by the selling fi=mq and will therefore tend to adopt 

eaxlier. 

(iv) Smaller firms have less complex decision-making structwces 

and may therefore be able to adopt earlier. 

It was apparent from Webster's work that size of organisation alone does 

not explain linnovativeness'; Briscoe et al found %, it is the smaller 

concerns who appear to respond better for innovation but, unfortunately, 

they frequently lack both financial resources for capital investment and 

the requisite technical expertise" (3-425). 

Baumgarten provides evidence to suggest that teducated' managersq working 

in a favourable organisational enviror=entt tend to adopt innovations 

earlier (3,426). 

Synthesising research in the field led Webster to conclude that early 

adopters can be identified in terms of: 

(i) amount of investment required to adopt. Similarly Hayward 

suggests that it is the perceived characteristics of the innovation that 

effects the-rate of diffusion (3-427)- 

(ii) time lapse since previous adoption rather than traditional 

economic thought (eg Carter and Williams)p narnely: 
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(i) firm size 

(ii) liquidity 

(iii) profitability 

(iv) growth rate. 

Webster found some indication of 'regular innovators'-he found in 

this study of commercial jet aircraft, certain companies "have 

consistently been among the first firms to adopt new aircraft" 

(3-428) but still felt that "there is no evidence to support the 

notion that certain firms are watched closely and have a significiint. 

influence on others in the industry" (3-429). 

0 
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3011 A SUMMARY 

The purpose of Section 3 has been to provide a detailed 

picture of those concepts considered to explain the processes of 

adoption and diffusion of technological innovation. 

It began by illustrating four models to describe the relationships 

that can develop between an innovatory organisation, its customers 

and its suppliers. They showed that innovatoru pressures could be 

self-generated, supplier push or customer pull,. or any combination 

of these. It was suggested that the nature of this relationship was 

influenced by the market structu3re, the rate of customer acceptance 

and rejection of technology, the rate of technological change and 

the prevailing eco-political policies pursued by government. 

The source of innovatory pressure was suggested to be important in 

legitimising innovatory behaviour; it. was seen to influence not only 

in-firm adoption decisions, but also the speed of diffusion amongst 

competitors and adopting customers. A number of studies were presented 

to suggest that user need/ demand pull innovation was more likely to 

be adopted successfully than the self-generated / technology push type 

of innovation. 

There followed a review of definitions of invention and innovation 

featured in the research literature. It was suggested th2 in defining 

"innovation" the need is to relate it to the system (or systems) 

under investigation. It was only by doing so that the nature of the 

relationship between the innovation and subsequent adoption and diffusion 

behaviour could be Ineaningfully examined; clarity was needed to 

distinguish between the radical break through type of innovation and 

that form of technological advance referred to by Langrish as 
"incremental innovation", namely the gradual up-grading of 
technological knowledge. 
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Attention then turned to examining the importance of the organisational 

structure in facilitating innovatory behaviour. A distinction was 

made between the informal and formal networks in an organisation; 

the general conclusion made was that innovatory activity was more likely 

to take place in an organisational climate sympathetic to innovationg 

namely in organic/modern rather than mechanistic/traditional systems. 

Size of firm or level of R&D expenditure were considered of lesser 

importance. It was felt that whilst the larger firm has the greater 

ability to innovate in terms of availability of resources, this must 

be accompanied by a willingness to be innovatory. Research studies 

were presented to suggest that the adoption process within the firm 

can be hindered by inter-departmental differences caused by personnel 

with differing value structures and business orientations; in particular 

the science based manager with his commitment 'to science' in conflict 

with the operational manager committed to the business goals of the 

organisation. 

The role of communication networks in adopting organisations was 

examined and conclusions reached that message effectiveness was 

determined by the source of that message, its contentp the channel 

used to transmit it and the receivers own situation. The use of New 

Venture T-eams/ Departments as an alternative to the traditional 

hierarchical structure for progessing innovation was explored. 

Questions were posed as to the structural strains that could result 

from the juxtapositioning of two organisational structures. The 

role and importance of 'innovation champions' were raised and innovation 

champioris were identified as being determining factors in a number 

of illustrative cases presenting organisational adoption behaviour. 

One point discussed was the need for an innovation champion to be 

located high in an hierarchy of an organisation. What was established 
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was the need for power to counter organisational resistance to 

innovation adoption, which might need a person of seniority but equally 

an innovation champion could perform successfully with the backing 

of those in seniority, who act to legitimise his role in the 

organisation, which may be to champion innovation at any one or 

number of stages in the in-firm adoption process. 

Discussion then turned to examining managerial reaction to tisk 

bearing, given that, innovatory behaviour is risk incurring. It 

was suggested that in the larger organisation the manager is more 

able to avoid high risk situations by delegation and decision through 

committees; in any innovation decision the manager was likely to 

assess risk not only in terms of 'to the organisation' but also in 

personal terms. The applicability of technological forecasting 

methods to guage risk in innovation decision analysis was questioned. 

Where techniques relied heavily upon subjectivity for inputs so there 

was the likelihood that a pessimistic assessment (and so a pessimistic 

forecast) would be made by the risk-avoiding manager and vice versa 

with the risk-taker, so little aiding the original purpose of forecastingg 

that of seeking to reduce uncertainty to the point of calculable risk. 

Research evidence from the literature was presented to substantiate 

this viewpoint. Three case histories were presented to illustrate the 

major points thusfar discussed in the text. 

Having examined the in -firm adoption process, attention turned to 

two related diffusion processes. It was emphasised that there was a 

need to clearly distinguish between the diffusion process in the 

innovator's own systL/industry, whether it be technological imitatian 

or an alternative technologyg and the diffusion process in the customer 

system which is influenced by and, in turn, influences behaviour in the 

Original 
.. innovator! 13 system, With regard to the innovator's own 
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system both the presence of opinion leaders and a contagion effect 

were examined. The presence of the former remains contentious. 

Conclusions were reached that differences between the times when firms 

adopt a particular innovation can be traced to economic and non-economic 

factors, in particular managerial attitudes to risk- taking and 

innovation adoption. 

Rates of customer acceptance were discussed, in particular was noted 

the importance of source of innovatory idea and the methods used by 

the innovator to communicate with the customer system. Literature 

concerned with organisational buying behaviour was presented, to 

highlight criteria for purchasing technological products. 

The question of a customer contagion effect was raised; Roger Is diffusion 

curve and the product life cycle concept were used for illustrative 

purposes. The presence and possible role of opinion leaders formed 

part of the discussion. Again their presence, and if so their degree 

of influence upon the diffusion process, remains inconclusive. Some 

evidence does exist to suggest that some customers are regular innovators 

but generally more research is needed in this area. 

Volume I began with a literature review as to the merging of adoption/ 

diffusion research traditions (Section 1)t proceeding to a multi- 

disciplinary review of the literature concerned with adoption and 

diffusion processes (Section 2). ' Section 3 concludes this general 

literature survey with its particular emphasis upon innovation 

adoption and diffusion behaviour in industrial systems. 

In Volume II, Section 4 presents a literature review and reports 

field studies conducted in one particular industrial system, namely 

the Potteiýy Kiln Industry. The closing section, section 59 provides 

the bridge between the theory and practice concerning the adoption and 

diffusion of technological innovation outlined in this Thesis. 
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SECTION 41 THE ADOPTION & DIF-FUSION OF TEMOLOGICAL INNOVATION 

IN THE POTTERY KILIT INDUSTRY 

4.1 INTRODUCTION 

The Europe; m Pottery Industry, Italy and Spain, evolved 

from that of simple establishments of the Near'East and Persia 

(4.1)o The early potters were sited uither adjacent to the fuelv 

or to the clay deposits, which were the essential raw materials 

for basic production of. pottery. 

Pottery production in the U. K. (like elsewhere in Europe) tended 

to be concentrated in smallq localised areas, The gradual rise 

in percapita income through'the C17th. and (18th, brought forth 

a growing demand for domestic pottery; the pressure to produce 

large volume was the impetus for an upsurge in, interest in the industy. 

From the 'industrial revolution' (circa 1760) emerged the entraprenevxial 

drive of Wedgwood, Spode, Minton, Adams, Wools and the Elser Brothers 

and so marked the beginning of the modern pottery industry in the 

U. K. (4.2). Canal systems were opened, coal-mining flourished# and 

Stoke-on-Trent became the centre for this-new pottery industry* 

But why Stoke-on-Trent? Prior to this -upsurge in interest the area 

already had a flourishing butter-pot making industry for the XidlanVs 

dairy industry,, but the main attractions in the eighteenth century wera 

the close proximity and abundance of marl (red clay), ample 'Water 

supplies, and good firing coal. It was found that. coal from the North 

Staffs Coalfield contained only minimum traces of minerals harmful to 

the firing of Pottery; as Hind comments ".. in no case, in the important 

seams of North Staffordshire, is the sulphur content extremely high, 

as occurs in many seams in other parts" (4-3) 
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Family businesses were adequate basic units of the industry in the 

019th, mainly because-capital require ments were modest. Skilled 

craftsmen would rent premises/build a kilp and gradually Výild-up 

a business with the help of brothers and sons, nephews and cousins, 

"Families could supply adequate management so long as the industry was 

organisel on a craft basis and technological expertise was restricted 

to a fairly superficial understanding of forming and firing clays" 

(4.4)* Takeovers and amalgamations were frequentg families would add 

factories to their existing ones as the size of the family increased, 

or sell-off factories as the size of the family decreased. 

By 1849, there were over 200 pottery works in the Stoke-on-Pirent area 

(4-5); a pool of skilled labour and a geograph: Lcal area known as 'the 

Potteries' Nowadays about three quarters of all Britain's pottery 

production comes from 1potbanks' concentrated within the Stoke-on-Trent 

area (4.6); other areas of importance are Derbyq Worcesterv BristoltPoole 

and Glasgow. In 1933 half the working force of Stoke-on-Trent was 

employed in the pottery industry (4.7); due to more diversification 

of industry within the area this is now approximately 3VP. Table 4.1 

indicates that in 1963 approximately 82%'of the labour force engaged 

in the manufacture of pottery was located"in North Staffordshire (4-8). 

Close links exist between these other areas and the Potteries, either 

through formal organisational ties (eg Royal Worcester-Spode Ltd)p or 

affiliations to trade associations /societies (eg. British Pottery 

Manufacturers Federation; British Ceramic Research Association) 

located in the Potteries -I'.? it is to North Staffordshire that even 

overseas companies turn naturally when they encounter some yet 

unknown quirk of the natural materials which make pottery as unpredictable 

as farming" (4-9)o Similarlyt the largest single exhibition of 
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ceramic machinery in the world takes place every two years in, the 

Potteries -INTERCEIRATEX is now the largest trade fair in the 

world. devoted exclusively to ceramic, plan. t and suPPlies!, (4-10) 

Sector Employees 

,, 
N. Staffs 

in 1963 
(1000) 

U. K. 
X. Staffs as 

of U. K. 
1956 

Domestic ware 29.5 31.5 94 93 

Tiles 4.9 7,2 68 77 

Sanitary ware 1.9 4.3 44 42 

Electrical ware 3.7 6.0 62 57 

40.0 49-0 82 77 

TABLE 4.1 LOCATION OF THE POTTERY INDUSTRY, NORTH STAPPOTIMSHIRE 

& EISIM-THERE 1956; 

The pottery industry is highly diversified, supplying an extremely 

wide range of markets at home and abroad. Each sector tends to have 

specialised managers and workers. There are even separate Trade 

Associations. The mobility of labour tends to be much greater within 

each sector than between sectors. Consequentlyp adoption of technology 

and mechanisation has been at different ratesp partly because of the 

perceived relevance of a pariicular technology to that particular 

sector* (4-11) 
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The dependence of the industry on those early raw materials has 

long since diminished; todaytthe marls have long been of little 

importance because of the increased use of china clay from Cornwall 

(4-12),, and ball clay from Devon and Dorsetq whilst the'development 

of alternative fuels - gas, electricity and'oil - has reduced the 

importance of coal as a primary fuel (4-13). 

One essential ingredient in the production of pottery is the firing of 

the product, either to harden it or to affix decoration in some form 

or another. This firing is done by a 'kiln'. 

The kiln used to produce ceramics was one of man's earliest tools, 

the primitive form of which dates back to at least 8000 B. Co'. and 

perhaps much earlier. The earliest kilns, however, were little more 

than modified bonfires. The. exact style of kilns used ih prehistoric 

times is conjectual, but it has been assumed that firing methods 

in the remote past were similar to those practised by primitive- 

peoples today; the earliest kilns were known as tearth clamps1t 

similar to those used for the production of charcoal. Kiln technology 

increased in leaps and bounds following the upsurge-in demand for 

I pottery identifiable with the lindustria]ýRevolutionl ( C18th); early 

forms of kilns could not cater for the latent demand with non-mass 

production techniques, nor could they be used to produce uniform (high) 

quality of ware. Improved refractories, better arrangements for the 

circulation of heatý the introduction of coal for fuel enabled the 

attainment of higher temperatures and (relatively speaking) more 

efficient production of ware. - this was achieved through the development 

of the 'bottle kiln' (4.14). 

Iý- 
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Nowadays firing takes place at one, two, sometimes three, stages 

in the production of pottery - as the flow diagram below illustrateso 

Figure 4.1. (4.15). 

W Biscuit Firing involves the highest temperatures in the 

firing process, between 115eC and 13OC7Ct depending upon the type 

of ware being fired. Biscuit firing, being the first firingg 

hardens the molded clay. 

(ii), Glost Firing glost firing temperatures tend to be around 

103eC, * The biscuit ware is dipped in a glaze solution and is fired 

again to 'fix' the glaze* Also this firing will fix any I underglaze 

decoration' being used. Recent pressures from customer-sources, notably 

the USA markets, have sought. to reduce the lead content in glazes 

perceived as a potential health hazard); this put pressure on the 

Glost Firing process to increase the firing temperatures to tburn out' 

the lead content* 

(iii) Enamel / Decorating U - FiriM operating temperatures range 

between 706'0 and 75CrC. If any 'on glaz`61 decoration is to be used, 

this further firing fixs tho decoration to the ware* 
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Generally, kilns are specifically designed to cater for one of 

these particular firing processes. Initial innovatory pressures on 

kiln technology have usually been at the higher firing temperatures 

ie biscuit and glost firing); the subsequent technological advance 

is more easily integrated into-the decorating firing process(4-16). 

Traditionallyt kilns were built of brick and formed an integral part 

of the pottery manufacturer's premises (4.17); the pottery manufacturer 

would engage the help of specialist brick layers to. assist in the 

contraction of the early lbottlelkilns, but the knowledge of constraction 

usually lay with the manufacturer himself; the famous'Minton oven' 

(4.18)iq a notable example. Today a number of the larger pottery groups 

are equally as versed in kiln technology as the builders! The need 

for highly specialised kiln builders did not arise until theadvent of 

the tunnel kiln in the 19201s. with its entirely new firing technology. 

The rapid fading of dependence upon traditional practices, accelerated 

since the 1950's (that is, the utilisation of construction materials 

other than brick, the use of refractory hot-face materials other than 

brick, the use of fuels other than coal) has led to the development 

of specialist kiln builders. In addition, both the M. E. B. (electricity) 

and the Gas Board have specialist offices based in the Potteries 

dealing specifically with fuel technology in kiln building. 

Todayt operating in the U. K. there are about 20 kiln suppliers to 

the ceramic industry. This includes a number of non-U. K. companies - 

Riedhammer (West Germany), S. I. T. I. (Italy) and the Interkiln Corporation 

(USA). With the exception of only two companies - Gibbons Bros 

(Brierly Hillv West Midlands) and Catterson-Smith (Essex) all the 

major companies were initially founded in the Potteries or have 

since opened sales/technical offices in the district. Relative to 

their customerst these kiln builders are generally smaller in size 

(notable exceptions being Gibbons Bros and Riedhammer); the effect of 



257 

their comparable sizes in the innovation process is reviewed later. 

V 
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4.2 o TECHN, OLOGICAL INNT OVATION IN THE POTT. 23111Y KILN VIDUSTRY 

4.2.1. IDENTIPTCATION OF IITITOVATTOTT BY FIELD STUDY 

For the purpose of this thesis it was decided to identify the self- 

percepts of the industry as to what have been major innovations; it 

was considered more methodologically correct given the. natur6, of'the 

questions to be asked. Scope of enquiry was limited to organisations 

operating in the U. K. market. Two, independent, studies were conducted; 

the first directed at the kiln-builder and the second to influencers 

of the kiln-builder's decision to innovate and a number of acknowledged 

'informed sources' (viz. industrial consultants, academics). 

THE KILN BUIIDER STUDY 

FRAME: A list of 24 firms was compiled using trade directoriest 

presence at the INTERCERAMEX exhibition and informed sources* The 

frame was considered to include every major kiln supplier operating in 

the U. K. pottery industry (4-19)o 

DATA COLLECTION: Construction of the questionnaire was developed 

with helpful advice from colleques in therCeramics Department (North 

Staffordshire Polytechnic); this was done in favour of piloting given 

the small size of the frame. Initiallya covering letter and quostionnaire 

were mailed to each of the 24 companies (4.20). Follow-up personal 

interviews were made to-8 of the rsponding companies* 

RESPONSE RATE 

22 replies were received. 

proved inapplicable - these companies did not in fact supply the 

pottery industr7. 

I (BRICESCO) was 11 too busy to cooperate% 
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Therefore 16 from 19 pottery kiln builders agreed to cooperate - 

that is a response rate of 8e, *. 

This'high response rate of cooperation can be partly attributed to 

a prior exploratory meeting with Mr. Sam Jerrett (Director. Pottery 

Mýnufacturbrs Federation), 'whode favourable letter of credential, in 

addition to that from Dr,, G, Gittens (Head, Ceramics Department, - 

North Staffs Polytechnic) and Mr. 1R. S. Mason (Project Tutor, ' University 

of Salford) served to Generate a high level of interest in the study 
(4.21)o 

PINDINGS 

SIZE OF COMPANY &R&D COIDTITIMIT 

Only 3 firms had more than 100 employees* Por the rest, between 

50 and 75 employees was the. norm. Response to 'annual turnover'. 

suggested firms were compýrable in size and structure in terms of 

their interest in the pottery kiln industry. The larger companies 

(, viz Gibbons Bros and Riedha=er) have more diverse interests, in 

particular heat treatment/furnaces in the iron-and-steel industry; 

their interest in the pottery kiln indusirYt because of its comparative 

size, tended to be no more than the smaller firms who specialised 

predominantly in this industry. 

Only I firm reported spending more than 5%o of its annual turnover on 

R&D (James Birks Ltd)'; and it was the larger firms that reported 

more personnel engage& in full-time R& Do 

A typical response from the smaller firm being we have no precise 

budget as such. We are ready at any time to investigate new materialso 

new designp new techniques and to spend whatever time and money is 

necessary. The business of R&D is therefore under constant consideration. 
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We have no full-time personnel involved in R&D, but three people 

spend a proportion Of their time involved in this area 11 ( CATTERSON- 

SMITH) * 

MARKETS SERVED WITHIN THE POTTERY INDUSTRY 

Diversity of interests were identified - specialist ceramics, sanitaryware, 

electrical ceramics, tableware (earthenware, china & porcelain); 

each respondent did supply the high unit value tableware segment. 

IDENTIFICATION OF INNOVATIOHS-(4.22) 

The respondents were asked to state'if they considered there to have 

been 'technological watersheds' in kiln development in the pottery 

industry. The response was as follows: 

YES 

NO 

d/k 

Follow-up personal interviews suggested that the NO's were attributable 

to a perception that kiln development has been a gradual, continuous 

technological progression rather than identifiable 'step-ups' in 

technology. Of the 11 that responded YES, the main 'watersheds' were 

identified as follows: - 

Changes in kiln structures the tunnel kiln which allowed higher 

production volume per firing (DIIAYTON KIISS) - the introduction of 

rapid-firing techniques; transportable kilns; roller-hearth kiln 

(JAYIES BIRKS) 

- modular (PACKAGE) kiln permitting off-side construction (GIBBONS BROS). 

Changes in fuels & Burners :- the utilisation of alternative fuels 

to coal which allowed non-muffle firing (GIBBONS BROS) 

- application of electricity leading to close temperature control 
(RIEDHAIOIER) 
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- the recuperative burner (SHELLEY FURNACES). 

Changes in refractory mterials - insulating firebricks (KILIM & 

AYPJIACES) 

- low thermal mass materials (JAMES BIPJ[Sj 
t 

- -ceramic fibre insulation, (CATTERSON-SMITE) 

KIM CUSTOMII' MS, SUPPLIERS TO KITIT BUILDERS_ 

AND 'INFORMED PERSONS' STUDY 

A complimentary study was undertaken of end-users (kiln-buyer-, R/ 

pottery manufactuers), materials suppliers to the kiln-builder, and 

'informed persons' (consultants, educationalists). The objective 

of this second study was to substantiate the findings of the earlier 

study, 

FRAME :'A list of 49 firms was compiled using trade directories 

and presence at the ceramics trade exhibitions, It was decided to 

treat the subsidiaries of the major pottery groups as exclusive units# 

as they"tend to pperate as independent profit units, with a high 

degree of freedom to purchase (amongst other items) new capital/ 

technological equipment. 

All the major pottery groups were represented in this Frame; it includes\ 

only companies etc. operating in the U. K. market. (4.23) 

DATA COLLECIPION Construction of the questionnaire followed the 

format of the Kiln Builder study, only the emphasis was changed to make 

it more meaningful to the respondent-group; length was reduced to 

eight information questions.. 

Initially a covering letter, letters of credential and questionnaire 

were mailed to each of the 49 companies in the Frame (4.24). Follow 

-up personal interviews were made to 16 of the respondents, 
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RESPONSE RATE 

Of the 49 questionnaires sent out 

37 replies were received. 

12 proved unapplicable - the co=ent being they xTere not 

quallfied/experienced to*comment on the questions raised in 

the survey. 

Table 4.2. shows the final response rate. 

END-USERS 11 

OTHERS 14 

TOTAL COOPERATION 25- 

TABLE-4.2. RESPONSE RATE. SURVEY Il 11 

Again it was felt, cooperation was achieved by use of the letters of 

credential. Of the null-replies, further investigation suggest that 

the lack of response was likely due to the Survey being not applicable; 

only 2 of the pottery manufacturers (end-users) who were mailed the 

questionnaire refused to cooperate. Hence the response rate (61ro of 

applicable respondents -'25/37) leans towards a pessimistic estimation. 

FINDINGS 

IDMITIFICAITION OF TITNOVATIONS (4.25) 

Similarly to Survey I, each respondent was asked to state whether 

they considered there have been 'technological watersheds' in pottery 

kiln development, Table 4-3- illustrates the responses: - 
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END USERS OTHERS TOTAL 

YES 10 10 20 

NO 123 

no answer 22 

TABLE 4.3, 

Table 4.4. shows answers given by respondents who. indicated 

technological watersheds (4,26). 

1.1. changes in fuel technoiogy 

1.2. low thermal mass, ceramic f ibres 

1.3. the tunnel kiln 

1.4* new intermittent kilns 

1.5. developments of burners 

1.6. process of 'fast-firing' 

1.7. 'open-flame' firi! *c 

Responses 
END USERS OTHERS TOTAL 

58 13 

66 12 

54 9 

43 7 

23 5 

41 5 

31 4 

(note: multiple responses possible) TABLE 4.4. 

The conclusions reached. in the Kiln Builder Study regarding identification 

of kiln innovations, *namely 

Changes in Kiln structures 

Changes in fuels 

Changes in refractory raterials 

as the main areas of study, were clearly substantiated. 
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4.2.2. KILN STRUCTURE INNOVATIONS 1800-121 

RkRLY INTERMITT311T KTLNS 1800-1256 

The earliest forms of pottery kiln had been found wanting for 

three reasens: - 
W could not produce uniformity of quality 

(ii) batch size was small 

(iii) long firing cycle 

The period known as the Industrial Revolution is marked in the potteries 

industry by the rapid introduction of the 'bottle kiln'. The bottle 

shape is first attributed to Boettger, a German, who developed such a 

kiln in 1710... " the kiln was elongated upwards ipto a bottle shape with 

a chimney at the top* This greatly increased the draught and fuel 

burning capacity" (4.27). Coke and coal were used for fuel (replacing 

wood) and with a strong updraught sufficient heat was released to 

achieve very high temperatures (around 1200 C). The attainment of 

high temperatures pointed the way to a better quality fired product, 

But what is meant by 'updraught'? 

A fire is lit at the bottom of the kiln chamber, heat travels up 

through a lattice-like floor and passes through the ware and out 

through a chimney at the top of the kiln (4.28) - as the diagram overleaf 

illustrates (Figure 4.2): - 
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WARE 

FIRE 

FIGURE 4.2. AN UPDIIUGHT KILN 

The bottle kiln then, was a large batch intermittent kiln that could 

take anything up to a Weck to complete a firing cycle - from loading 

to reloading unfired 'ware in the kiln, 

Industrial historians seem unable to agree on who was responsible 

for introducing the bottle kiln into Britain;. Wedgvrood, Spode, Adams 

have, all been accredited for this act. Nevertheless, by 1780 the 

updraught bottle kiln - as high as 70 feet - becomes a common feature 

in the production of pottery,, used for fi2ing a glost stage in the first 

floor chamber, and a biscuit stage in an upper floor chamber - as 

illustrated below: - 
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In many cases, the pottery factory was constructed 'around the kiln, ' 

where the ground floor, leading to first kiln chamber, was the Glost 

Department, and the first floor, leading to the upper kiln chamber,, 

was the Bi5cuit Department* As the firms grew, and because pottery 

needs a number of firings during manufacture, several kilns were 

needed for each type of firing so it was quite commonplace for a single 

works (by 1880) to hDýve anything up to twenty five bottle kilm. 

An early technical problem that caused many kiln failures, was the stress 

of the heavy upper chamber and chimney on the lower chamber. Kilns,, 

in response, were built with walls 1811 - 20`1 thick, and externally- 

braced by heavy iron bands, Brick failure at the hot-face was a 

constant problem, causing frequent kiln rebuilds, 

An early. development (circa 1820) was the introduction of a 'hovel'. 

The hovel (chimney) was constructed outside the main part of the kiln, 

which made the inner sections easier to repair without disturbing 

the outer chimney. Often the hovel was built large enough to cover 

the whole kiln like a hat; the firemen tending the ware then worked 

'Within the hovel, as the diagram overle4f illustrates (Figure 4.4. ). 

The next stage in development (circa 1850) was the 'down-draughtt 

kilno The down-draught kiln works on the principle that heat is 

introduced and the flames are deflected upwards into the chamber,, 

down through the ware and out through a chimney flue in the kiln 

floor - as figure 4.5.. illusirates overleaf: 
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FIGURE 4.4. HOVEL-TYPE BOTTLE KILN 

WA RE 

FIRE 

FIGURE 4.5. 

DOTI D-RkU, 'u'-, iT BOTTLE KILIT 

/c:: 
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Although this type of kiln was found to use less fuel (itself not a 

major consideration at this time) and produced well-fired ware, it 

was never adopted izi this form in the U. K. pottez7 industry. One 

drawback was that it needed a larger, taller-chimney to cre-ate the 

draught, but the feeling in the industry was that it did npt, provide 

uniformity in firing; as Hind concludes (in 1920). the down-'draught 

principle was "an unqualified failure for pottery" (4.29). 

If one accepts Boattger first bottle ghape: i kiln as the beginning 

of modern kiln technology, then the seccnd major imtershed must be 

seen to be "Minton's Oven" paten-hed in 1873,, and seen to represent 

11 the ultimate refinement of this(bottle) ideal' (4.30)- 

11inton's kiln embraced all known-technology of the time; it was a 

two-stage/Chamber kiln, where the bottom stage incorporated the down- 

draught firing principle,, *and the upper stage was a simple updraught- 

figure 4.5. illustrates: - 

Biscuit 
Pirin g 

/Gl6st 
Firing 

FIRE 

FIGURE 4.6. 

MINTON'S OVEN 

Circa 1880 

I 
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This kiln, built by the end-user/manufacturer, made maximm use 

of the heat from the fires. The ascending gases passing through 

the wall flues gave heat back to the lower chamber by radiation; 

an arrangement which prevented-the temperature in the upper chamber 

from-rising too hot for even-biscuit firing. The Minton-type kiln, 

first used at the Minton factory 1872, with few technological refine- 

ments (except instrumentation) to its structure was adopted by the 

whole-pottery industry, being commonplace iiý the industry up to 1958, 

As Rhodes notes the improved design of kiln3 in Europe duribg 

the nineteenth century had to do entirely with the construction and 

draught of the kilns rather than with fuel, for coal and wood continued 

to be the only fuels available for ceramic firing until alternatives 

are used in the early part of this century" (4-31). 

Whilst the bottle kiln facilitated production on a scale never before 

attained, it was grossly inefficient due at first to structural problems, 

but later due to increasing costs of labour needed in attendence 

during a firing cycle ( it was quite common for the fireman to stay 

on duty throughout the whole firing cycle - forty eight hours! ); the 

increasing cost of and availability of good fuel through the late 

nineteenth and'early twentieth centuries; the growing alarm at 

atmospheric pollution (4-32); *the quality that could be fired, and 

the high rejection rate. This high rejection rate was due to the 

disuniformity and contamination of the ware during firing. Because 

of the dirty fuel, all ware to be fired, had to be placed, by hand, 

in containers called IiSaggars' in an endevour to protect the ware 

from the dirty kiln atmosphere (4-33). One alternative method that 

was*developed - circa 1890 - was the Imuffle', A muffle was an inner 

lining which was set inside the kiln. The flames from the burners 

fI 
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are directed outside the muffle, and the ware inside it is exposed 

neither to flame nor combustion gases. Its first application was in 

the smaller decorating kilns, where the aimosphere could most harm 

the gold d9corations, but soon. it was seen tha t muffling could avoid 

the use of -saegars, ýwhich were space consuming and had a relatively 

short life ( like all early refractory materials)* Those manufacturers 

not adopting pointed to the fact that all muffles tend to impair the 

efficency of the kiln because'per unit of energy necessary to fire the 

ware is higher for a muffled-kiln, and early developments of muffles 

also presented problems of uniformity of firing ( ie. even-quality). 

EARLY TUNNEL KITITS 1800-1960 

By the early 19001sq the bottle kiln became a victim of its own success. 

Demand for pottery had continued to grow throughout the nineteenth 

century ýtnd it became apparent that present kilns could no longer 

cope with the ware being produced - the firing process was becoming 

a 'bottle-neck' for the manufacturer. Although the short-term answer 

was to build more bottle kilns, and this was done, partly this was 

not always possible beca use of unavailability of space for expansion; 

it was more pressing to utilise existing factory space more efficiently. 

Modern mass production of pottery was facilitated by the development 

of the continuous kiln - the 'tunnel kiln'. 

Recognised by the industry to be a major watershed in pottery kiln 

technology, the first tunnel kiln to be successfully introduced was 

designed by Conrad Dressler and built at the Chesterfield Pottery 

in 1912, although development of the concept spans back to the 1850's. 

Simply, the tunnel kiln consists of three stages 

preheat zone 

(ii) firing / soak zone 

(iii) Cooling zone 

(Figure 4.7. illustrates) 
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WARE pas: ýes I ]-_ 1 -->7 
through I tunnel' 

FIGURE 4.7. A TUNNEL KILN 

The ware enters at one end of the tunnel, continuously, and emerges 

at the other endo fired, around 30 hours later. 

The development of the first continuous kiln is attributed to Hoffman 

and Licht (1858), whose work was based on a study of the regenerative 

furnaces then used in the iron-and-steel industry. They suggested 

that ware could be transported slowly through a tunnel towards a 

hot zone in the middle of the heating cycle, and then drawn out at 

the cooling end ( it was seen as a promising idea, improving upon the 

bottle kiln an intermittent- which had to be loaded by hand, fired, 

allowed to cool down, unloaded by hand). Even earlier records identify 

embryonic tunnel kiln ideas: in 1751 a tunnel kiln was operating 

in Vincennes (Franceý firing on-glaze decoration on porcelain; Yordt 

patented a tunnel kiln in Deý rk (1840)t as did Peters in England 

(1858).. Early failures are attributed to technical problems rather 

than market demand; failings such as inadequate seals between the 

firing chambers which led to heat ýoss (and explosions! ), mechanism 

failure of transport through the kiln, helped the growing scornat 

the idea (because as stated, intermittent kiln technology was very 
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advanced circa 1870). Nevertheless, records show that Boch patented 

what is considered to be the first operational tunnel kiln in England 

in 1877. His success is attributed-to him solving the sealing problemt 

but the kiln failed to produce uniform fired ware - in retrospect 

this was du-e to his tunnel not being long enough. 

One outstanding failure was a tunnel kiln patented by a Mr. Boult,, 

in 1903, which incorporated a tank of water below it, on which barges 

floated the ware through the kiln. Poor sealing allowed hot coals to 

come in contact with the -eater 

The technological development of the tunnel kiln was being arrested 

by the level qf known fuel technology. Coal was the major fuel; it 

was dropped through holes in the roof, or inserted at the side of 

the kiln,, but firing was a very hit or miss affair. The pottery 

industry had declared the tunnel kiln as not suitallie for firing 

Waret because of the inability to make precise heat adjustments, 

needed to control the firing of pottery, 

Conrad Dres . sler's tunnel kiln (1912) provided the key to diffusion, 

using producer gas rather than coal as the fuel (4-34). Moore and 

Campbell add to the choice of fuel alternatives with the first electric 

tunnel'kiln built for Mintons in 1927, Cost advantages to be gained 

by tunnel kiln adoption were outlined by Hind in 1937 ... he compared 

a Dressler gas-fired tunnel kiln against a coal-fired bottle kiln: - 

Piring earthenware biscuit/cost per saj: Mr of ware(d. ) 

TUNNEL INTERITITTAN7' 

Labour costs 2,43 3.35 

Saggars 0.64 1.33 

Fuel 1.60 3.09 

Repairs 0119 0.57 

Premises (inclu. depreciation, 2*02 0.74 

supervision) 
6. ssd. 9.08d. 
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From it's beginning the tunnel kiln demonstrated a major technical 

veakness; " many major tunnel kiln installations have been disappointing, 

from the standpoint of control and of quality andsiniformity CC the 

ware produced" (4-35). This problem remained with the tunnel kiln 

designer into the 1950's as the move was towards faster firing cycles 

(4-36). An early answer was the attitude I you cant make a tunnel 

kiln tpo long' - certainly, improper heat distribution in the preheat 

zone demanded a longer soaking period in the firing sonet implying that 

the firing zone should be lengthened. 

All pre-war tunnel kilns used trucks or 'kiln cars' to transport the 

ware through the tunnel, a new form of tunnel kiln was tried by 

L. eighton Pottery (1939) Ltd. in 1946 whenBirlec built a 'belt' tunnel 

kiln for them. Thelbelt principle' was taken from the iron-and-steel 

industry; it consisted of a metal conveyor belt, which transported 

the ware through. the tunnel. It had a number of seeming advantages: - 

W easier to load and unload 

(ii) easier to maintain 
(iii) thermically absorbed less energy 

(iv) required less capital equipment (ie kiln cars) 

In practise it presented a number of problems, In the iron-and-steel 

industry, operating temperatures were around 600 - 7004et but for use 

in the Potteries temperatures needed to exceed 750"'a and be maintained 

around 11OCre to fire glost or biscuit. This first kiln was so designed 

to fire glost; it was found that when operating constantly at these 

high temperatures the metal ýelt 'stretched' and became too contorted 

to-3e, so needing costly replacement. A number of these kilns were 

built between 1946 and 1953 (mainly because alternative types of kiln 

were'in short supp1j); their use was restricted to lower temperature 

decorative firing. 
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PHOTOGRAPH ILLUSTPATION-OF A TFUCK / KILN CAR 
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The idea was soon discarded in favour of the traditional kiln-car 

concept* 

Another tunnel kiln development which took place, as a direct 

consequenco of technical limitations to tunnel width (4-37)# was 

the construction of twin (and later multi-passage) tunnel kilns. 

As figure 4.8. below shows, the ware passed in opposite directions 

along tunnels constructed in parallel. Intended benefit was that 

TUNNEL I 

Direction of 
Ware. 

Olt- 

Heat Soak Cool 
Zone Zone 

K-I 

Cool Soak Heat 
Zone Zon e 

A air passed i#to 
ýher tunnel to pre-heat. 

TUNNEL 2 

Direction of 
Ware 

IFIGURE 4.8. TWIN-PASSAGE TMMEL KILIT PRUMPLE 

heat being disappated in the cooling stages could be used to pre- 

heat the alternative tunnel. The first electric passage twin tunnel 

was commissioned in 1948. A number of gas-fired tunnels were also 

built using the twin, multi-passage principle, 

Some early post-war passag"e tunnel kilns were designed to use Isliding- 

batts' rather than kiln trucks. The principle was very simple; the 

ware was loaded on Obattal made of refractory material (pallet-like 

design) ana then pushed, end on, by mechanical means through the kiln. 

Problems arose when a batt would ride-up on the one innediately in 

front. Sub3equently the kiln had to be turned off to clear the tunnel; 
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the idea was soon discarded ".. there have been some costly failures. 0 

the sliding-batt kiln" (DOULTON SINITARYMM (4-33) 

MODERN INTERMITTEITTS 1948-1975 

The intermittent kiln provides. the manufacturer with flexibility in 

production to cater for cyclical demand patterns. Prom the late IL700's 

until the end of World War IIp the only available intermittent had 

been the coal fired bottle kiln with its grossly inefficient throughpate 

Early tunnel kilns gained acceptance as mach thrcrigh a desire to 

increase efficient throughput as to increase the scale of operationst 

nevertheless tunnel kiln scale of output is not always suitable for 

every end-user. Tunnel kiln and intermittent are not totally 

substitutable; as a result a latent demand still existed for a more 

efficient intermittent kiln* 

Although records suggest Gibbons Bros. were interested in prototype 

gas-fired intermittents prior to 1939, the first 'modern' intermittent 

was self-btiilt by Lockett, of Edwards and Lockett in 1946. The 

Company was interest in special decorative ware (figurines etc) 

and this electrically fired kiln was designed to Give the Company 

more efficient small-scale (than through a tunnel kiln) production 

than the bottle kiln. Advances made in heater-element technology 

allowed the newly formed Midlands Elecricity Board (1948) to design 

and develop new higher temperature electric intermittent kilns; the 

f irst being built by Hawkins at the Spgneer Stevenson Pottery in 1952 
(4-39). Essentially a large box (like a domestic oven) these new 

electric intermittents developed during the 1950s represented a 

considerable departure from existing kiln construction. One novel 

developmentt pioneered by Donald Shelley was the 'top-hat kiln' 
(similar models are referred to as 'dome kilnsltboll-typo idins'); 

the kiln hearth was fixed, loaded with ware and the kiln (supported 
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on a gantry) was lowered over the ware and then fired. It eliminated 

the need for doors and provided a well-sealed enclosure. 
-It 

also 

provided a degree of flexibility because with a number of hearths, one 

hearth could be being fired whilst another was being loaded., another 

unloaded yet using the same kiln. 

These changes in methods of kiln construction mark the emergence of 

a number of new kiln building companies to cater for the increase 

in demand- Hawkins (later James Birks),, Electrical Rewinds (later 

Kilns & Furnaces), Litherland Elements (later part of Shelley Purnaces)p 

Donald Shelley (founder Shelley Furnaces later D. Shelley Ltd. ). 

In direct response to the increase in demand for intermittents ( and 

the decline in tunnel kilns) the Gas Board became interested in 

developing a gas-fired. intermittent which would fire biscuit and glost 

cheaper than the electric intermittent".. to answer an industry need 

for an intermittent kiln df intermediate capacity which would offer 

better uniformity of product than was possible with the tunnel kiln 

being designed"(4.40)9 The first gas-fired intermittents were in- 

stalled as prototypes at Spode Ltd and Thomas Poole 1td in 1957; 

the first commercial-built kiln was installed by James Birks for 

Amerson Pottery in 1958 (4-41). These early intermittents were called 

'shuttle kilns', because the design permitted a kiln operator to loact 

ware on kiln trucks similar to those used in tunnel kilns (as opposed 

to the slow hand loading - saggars in the bottle kiln); indeed the 

shuttle kiln was really the 'Piring Zone' of a tunnel kiln, but it 

introduced batch production with easy loading, unloading. Actual 

performance of these first kilns is recorded as poor, but they 

provided the impetus for now intermittent designs, as one writer 

comments designers recognised that tunnel kiln design had very 

little to do with the design of intermittents" (4-42) 
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It was found that efficiency increased, and costs of construction 

decreased, " as the dimensions of the kiln approached those of a 

cube". Kiln Walls were built of insulating'fire brick (4-43) 

(I*F. B. ), ý lighter but more thermally efficient refractory than 

traditionally used. Developments in high velocity burners (4-44) 

allowed kilns of two-car width to be built,; doubling throughput at 

very little extra C03te 

Recent developments in ceramic fibre refractories (4-45) have added 

stil. 1 further inpetus to intermittent design and demand (post 1974); 

as one writer comments ! *one of the recent moves that is being, made 

is to design the kiln around the (fibre) lining "(4946). Size and 

weight has been reduced (introducing portable kilns, eg. James Bir"s' 

"ECOITOMIKILN") and efficiency has increased (4-47), so sustaining 

end-user interest in modern intermittents* 

TUNNEL KILTI DEVELOPMENTS 1960-1975 

The first major changes to tunnel kiln design ironically follow the 

apparent fai2imgs of the newly introduced intermittent 'shuttle kilns'; 

the traditional arch-shaped tunnel was brought into question regarding 

the level of thermal efficiency. It seems quite definite that the 

radical changes in intermittent kilns during the 196 Os (including their 

increasing levels of efficiency) affected the designing of tunnel 

kilns ",, we're doing a-lot of things today in the design of tunnel 

kilns which are exactly opposite the way we did them ten years ago. *. 

structurally,, modern tunnel kilns differ from their predecessors 

mainly in the flat-arch construction " (4.48). 

One interesting development, thol not a success, was the 'hoverkilal. 

The ware moved through the kiln on. trays supported on a cushion of 

hot air. The drawback was coping with dust which became deposited 
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on the ware caused by the disturbed atmosphere. 

Greater use of insulating firebrick gave better insulation which 

increased throughput and resulted in kilný becoming shorter".. an 

1715 ft kilp will now do the firing of a 250 ft/ 260 ft kiln of 1950" 

(4.49). Increasing labour costs and the difficulty of obtaining 

skilled labour have directed innovation touards increased automation". * 

the advantages of a fully automated tunnel kiln are considorable,, 

much more flexible production, substantial labour savings and a 

reduction in manpower problems generally, so that the higher install- 

ation costs are quickly recouped"'(4-50). 

A further tunnel kiln variant was the 'roller hearth kiln' which uzed 

rollers rather than kiln trucks, Similar in concept to the early 

Birlec $belt kiln', the ware moves through the tunnel on batts, on a 

series of rollers. Although introduced in 1966, operational / technical 

problems have precluded widespread industry acceptance. Gittens 

found only'one example that had been fully integrated into an existing 

product line (4-51); and by 1977",, only three have been installed in 

the country" (4-52). 

Historically a kiln was fitted with a tall chimney to induce draught 

through the kiln and also to remove gases/waste given off by the 

combustion of the fuel. Both intermittents and tunnel kilns therefore 

needed a chimney, be they fired by coal, gas Or oil; the exception 

being the electrically fired kiln which does not need a chimney 

as it does not work on the reduction process, nor does it produce 

the same waste gases nee4in. -*extractione Today's kilns still require 

chimneys, but the move is towards recycling the lost energy that is 

going ., up the chimney', and also to redirect the waste gases back into 

the kiln to reduce atmospheric pollution. Modern tunnel kilns are 

by itself the being designed as inte. -Tativo firing/ drying sys,, 
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(tunnel) kiln generating heat for drying has a higher fuel conzumption 

than the one without heat recovery, a difference which can amount 

up to 3V, * ... looking at drying and firing, combined, however, the 

system with the kiln supplying the heat for drying has the lower 

fuel consumption as compared to separate kilno dryer systems" (4-53)o 

Current developments, developments in construction materials, have 

made kilns lighter and more compact, giving rise to Itransportablo 

tunnel kilns' - 1PORTAKILN1 (BRICESCO)t 1PACYAGE KILN' (Gibbons Bros)o 

Also, a recent development (1975). as yet unadopted in this country 

but in Poland and the USA,, is. the Gibbons 'OCTOPUS SYSTEM' which is 

a coal-fired tunnel kiln - powdered coal is inject4d directly into 

the kiln where it burns in suspension, overcoming the uncqual firing 

problem encountered in those. first tunnel kilns (circa 190O)o 

Innovations in the pipeline include development work on perfecting 

'rapid-firing' techniqueso- Since the 1800's technological improvements 

(better fuelap materials,, kiln design etc) have reduced firing 

cycles from a week, to days, to around fifteen hours (for an intermittent 

kiln using the newly developed ceramic fibres); the latest developments, 

both in intermittents and t-t=el kilns is to reduce this firing cycle 

to minutes! As early-as 1967P the B. C. R*Ao built their "QUICMRE KILN" 

in collaboration with Shell Research (who are providing the gas/oil 

burners) which achieved a 37 minilte firing cycle; this was later reduced 

to 28 minutes (and in one case to E+ minutes). At present only 

small pieces or thin-ware (eg a porcelain plate) can be fired in this 

way* Although there is no immediate prospects of this method being 

adopted into current production flows, Kilns and rumaces Ltd. introduced 

a laboratory kiln (electric intermittent rather than tunnel) at the 

Interceramex'76 Exhibition which can fire to 16Od*C in 7 ininutes 

using special MITHLL elements. As one writer concludes the fast- 
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fire in its development has really only started. Many ways are 

unknown. Increasing knowledge of the thermal properties of raw 

materials and bodies and a further intensified cooperation between 

production experts, kiln-builder and machinery producer will help 

to advance modern technology" (4-54). 

It is unlikely that the tunnel kiln can be challenged wherever high 

volume, low cost, continuous production is required. However, tho 

intermittent has been well adapted to modern mechanised manufacturing 

operations, yet remains the most flexible form of firing ware, having 

greatly improved fuel efficiency. Modern developments have led one 

writor to comment ," if present trends in tunnel kiln design continue, 

the similarity betwoen a tunnel kiln and a shuttle, intermittent, kiln 

will becoma even more striking, and the design technology of the two 

types will have even more points in common" (4-55). 
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4.2.3. INNOVATORT APPLICATIONS Of FUELS 1800-1975 

COAL 1800-1956 1 

The coal f; om the-North StAffordshire Coalfields was found to be 

virtually sulphur-free, ideal for the production of pottery. The 

early bottle kilns were fired entirely "ing coal from local s(r1rces. 

However, it was dirt from the smoke rather than sulphur content 

which precluded open-firing of the ware; ware had to be loaded in 

saggars,, which in turn were loaded into the bottle kiln. The firing 

process was dirty and time-consuming. Once a kiln had been loaded, 

fires were lit in the firemouths and re-stoked Obaited') at intervals 

usually of about 4 hours. At the early stages of the firing the 

temperature was kept low while the moisture in the ware was driven 

out. This was known as Ismoking'. After about 48 hours the temperature 

was at its peakt between 100CPc and 125Cre; this temperature was 

maintained for approximately 2 or 3 hours, to allow the ware to 'soak' 

and then the fires were left to go out. The ware was then unloaded, 

the ashes raked out and-the kiln was ready for reloading (assuming 

no repairs were necessary). Maffles were introduced (4-56) to avoid 

direct contact between the 'dirty flame' and the ware; the use of 

muffles reduced the efficiency of the kiln, but as fuel was plentiful, 

this was not such a major consideration for the end-user. As late 

as 1937 Hind sum up this attitude when to writes " the aim of all 

firemen is to produce good w-4re with only secondary consideration 

for the fuel consumption this is as it should be" (4-57). 

The firingof ware, using coal, became a skill; the fireman's function 

was regarded as the most important man in the factory; he was expected 

to stay by the kiln throughout the whole firing process. Temperature 

-41 
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control during firing was carried out by taking 'trials'. Around 

ihe kiln at regular intervals were holes which were blocked with 

a loose brick during the firing. The fireman was able to re=ove a 

ýrick to draw out a trial, using an iron pokere, There were no 

thermometers which could withstand the high temperatures which the 

kilns reached. Moat of the firing was done by (experienced)suess- 

work, The colour of the flame was sometimes used as a guide, but 

often proved unreliable. Another method were the 'trials'; by 

observing the colour of the piece of pot the fireman would judge the 

etage of firing, Josiah Wedgwood did many experimeents to find ways of 

measuring the temperature accurately* He made use of the fact that 

when the pottery is fired, it contracts# He fired small pieces of 

pottery and withdrew them from the kiln at intervals and measured 

them on a special gauge. It was-from Wedgwood's experiments that 

modern pyroscopes have developed (4-58). Finer control of fuel 

imputs does not become a reality until the 1920s when alternative 

fuels to coal are intro; lucedo 

The maintenance of coal as the primary power source in the pottery 

industry was due primarily to the importance of the bottle kiln in 

the production process. Although alternative fuels became available 

during the early twentieth centuryp the bottle kiln remained a 

'coal-firer'; as long as it remained, so did the demand for coal. 
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There was a marked decline for coal from the industry throughout 

this period (1800-1956) as manufacturers introduced tunnel kilns 

which used alternative fuels; table 4.5. shows the change in demands 

1900 Over 2 million tons of coal 

1939 1-5 million tons 

1-0-56 100,, 000 tons 

TABLE 4.5*- DEIMM FOR COAL IN THE POTTERY INDUSTRY 

iqOO - 1256 

Coal usage continues to decline during the early post var period* 

Few new bottle kilns were commissioned (post 1946); tunnel kilns 

were the choice for the post-dar reconstruction business. However, 

coal was still the primary power source in the industr7. 

PRODUCER GAS - TOW MS 1912 - 1956 

Early gas kiln developments used what is termed 'producer gast; the 

Gas was produced by the-end-user at his factory, using coking coal. 

An equally dirty flame and pollutant were produced. The Dressler 

kiln (1912) needed 'muffles' to avoid direct flame contamination of 

the ware being fired. Early fuel burners were simple gas-jets, 

ignited by the kiln operative, As early as 1920t Harrop, experimenting 

with gas (and oil) as fuels for tunnel kilns, found that heat could 

be iirected to dLfforent parts of the kiln and that the velocity Of 
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burner gases could be used to penetrate and heat up the centre of 

the tunnel. The early nozzle burners did not achieve very high 

velocity by todayýs standards. Kiln designers were primarily interested 

in penetration and 'reach',, which in narrow tunnel kilns could be 

accomplished at relatively low velocities. A further limiting factor 

was that it was found that back-pressures increased as the diameter 

of the burner aperature decreasedt so complicating the problem of 

burner design. Problems of uniformity of firing, caused by lack of 

knowledge of burner technology, limited the sizu of tunnel kiln 

development and the advancement of gas as a fuel for firing pottery. 

The introduction of 'town gas' with the opening of the Etruria Gas 

Works (1922 ), added impetus to gas adoption* For the manufacturer 

it was seen to have the following benefits: - 

(i) it gave a more efficient heat, that is, better fired 

ware and shorter firing cycles. 

(ii) added cleanliness to the factory 

(iii) reduced the need for the endzuser to have to maintain 

a producer-gas plant; this meant savings on coking r 

fuel, factory space and number of operatives needed. 

Town gas, refined at source, tended to be cleaner 
(more 

sulphur- 

free) than producer gas, so promising a much more effective production 

process* However, it was not until 1932 that the first tunnel kiln 

using town gas was built by Gibbons Bros for Conway Potter7o For 

the first time ware was glost-fired 'open-flame' (ie non-muffled), 

using saggarD, because the fuel burned so much cleaner* Although 

this kiln demonstrated immediate benefits to the end-usert there 

. Was a time-lag in diffusion in the industry (4-59). 
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ELECTRICITY 1920 - 1956 

Catterson-Smith (kiln builders) report having an experimental electric 

kiln in operation decorating domestic ware, in 1920, Early develop- 

ment problims were related to the lack of knowledge regarding 

combustion properties and the behaviour of metals at these high 

temperatures. Unlike kilns fueled by any other means,, electric 

kilns do not work on the principle of reduction, nor do they rely 

upon up-draught or down-draught to achieve high temperatures; 

development limitations during the period 1920 - 1926 were in connection 

with perfecting heating elements capable of achieving high temperqtures. 

Cattýerson-Smith are credited with developing silicon-carbide (SILIT) 

heating elements which could. achieve consisten operating temperatures 

of around 75ec, potentially within the temperature range needed 

for decorative firing. However the first electric kiln-a tunnel kiln- 

built for the pottery industry, to fire decorating warep was by Moore 

and Campbel. 1 for Mintons in 1927. Although primarily a full-scale 

'experiment', the trial period identified a number of adirantages 

over competitive fuels: - 

(i) the operator could achieve much greater accuracy with 

temperature control, 

(ii) it had a much better controllable distribition of heat, 

(iii) there were no waste products of combustion (eg ash), 

(iv) there was no need for a chimney / fire to be constructed; 

hence it was eapier to construct an electric kiln, and 

to 'fit it' into the existing layout of the factory, 

(V) there was no fuel handling, nor the need to arrange 

disposal of fuel waste (eg ash). 
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(vi) there was less waste heat (viz. up the chi=ey), 

fumes of combustion, or noise (the draught principlo 

. causes a 'roaring'. spund)o 
(Vii) for the time it w4s a much cleaner form of firing, 

so especially suitable for decorative firing. 

(viii) offered improvement in the health and votking conditions 

of the kiln operatives and for those working in close 

proximity to the kiln, 

(ix) offered savings in labour costs with less need to supervise 

whole firing cycle and level of skill needed by kiln 

operatives was less than for other fuels. 

offorod lower maintenance costs, although in practice 

early heating elements were prone to regular failure, 

and kiln life was shorter because of the level of 

- refractory material technology. 

(xi) offered potentially less fire hazards* 

(xii) the cleaner town gas was not immediately available 

(on-supply) to every pottery manufacturer (4.60). 

The success of the Moore-Campbell kiln caused the major kiln builder 

of this time - Gibbons Bros - to undertake extensive development of 

electrically fired tunnel kilns. 

Early electrically-fired tunnel kilns displayed a basic technical 

problem. The nickel-chrome heating elements were prone to failure 

if operated constantly at firing temperature-7, and a tunnel kiln, to 

be operated: economicallyo has to be ran 24 hours per day, 7 days per 

week at a firing temperature. 
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This technical problem remained a block to widespread industry 

adoption until after the cessation of hostilities (Post 1945). 

The impetus for technical innovation cams irom the fuel supplier 

Ue M. E. B. ý rather than kiln builder or user(4.61). In addition to 

pioneering a new structure (ie. the development of the electric 

intermittent), the nickel-chrome elements were replaced by advanced 

heating ele ments designed in Sweden (KANTHAL ELMOTS ) which solved 

the operating temperature problem. 

OIL 1220 - 1256, 

A survey of kilns in operation in 1915 finds no evidence of kilns 

fired by oil (4.62), Oil did feature in early tunnel kiln development 

but was found difficult to use " ... ' the first applications to ceramic 

tunnel kilns failed owing -to inexperience with the, burners" (4.63). 

To ignite fuel oil, it needs to bo vapourised and mixed with air. 

The fuel burns with considerable smoke in the early stages of firing 

and causes considerable deposits of carbon inside the kiln; like 

producer gas, all early oil tunnel kilns were Imuffled'. Equally, 

early developments were prone to dangerous malfunctionp when the 

motor driving the blower (which mixes vapourized oil and air) failed; 

without sufficient air, the oil ran dcrAn the sides of the kiln,, 

ruining the 'charge' and liable to explode. Like gas, oil did 

have advantages over traditonal firing using coal: 

Firing temperatures could be more easily controllod. 

but it also had a number of disadirantages which arrosted 

diffusion: 
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W the problem of oil storage; oil was space consuming', 

smelly and dirty 

(ii) the oil-fired kiln was very noisy in operation; noise 

caused not only by the up-Iraught, but also the operation 
I. 

of the air blower used to mix oil and air. 

(iii) there was a constant danger of fire 

(iv) there were problems of smoke emission at the beginning 

. of the firing cycle. 

Hind concludes ".. since there is little to choose now as regards 

price between town gas in many districts and oil, and since it is 

more expensive than producer gast its future in this country would 

appear to be limited unless the present taxation policy is altered (4-64). 

Both oil and gas fuels benefitted from the advances made in fuel 

burner technology po3t-1950. 

FUEL AND BURNER DMLOP14ENTS 1926 - 19D 

Innovatory use of fuel is inextricably linked with developments in 

fuel burner technology# An early limiting factor to the market 

acceptance of oil and gas fired tunnel kilns was the problem of achieving 

an even-distribution of heat across the ware in the kiln; the firing 

cycle had to be extended to ensure that those items in the middle of 

the kiln (ie those furthest from the burners) were sufficiently fired. 

As a direct consequence tunnel kilns were built no more than 5ft across; 

a width Of one truck., which was a limiting factor on throughput; burners 

could not maintain a level of heat intensity beyond this range. 
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This problem applied to all tunnel kilns (except electrically fired); 

in theory burner systems were interchangeable but in practice once a 

a burner system had been installed no further alteration took place; 

the notable exception being the transition from producer to town gas 
(1933-48) ýnd gas-to-oil-to-gas (1966-70). These burners were called, 

'low velocity burners'. The technological vatershed is provided with 

the introduction of higher velocity burners; 11 it remains a most 

question as to who first recognised that high velocities would induce 

a considerable mixing of the kiln gases with the combustion products 

and that the effect could provide beneficial in the firing of ceramic 

kilm" (4.65). Certainly the Gas Board's Ylidlands Research Centre 

began development work on advanced burner-block assemblies and 

Inozzel mixer3l(using Stordy nozzels) in the early 1950's, The first 

really high velocity burners did not materialiso until the early 

1960's (built by Stordy), intended first to be incorporated into 

the new gas-fired intermittents and secondly to provide more offiaiont 

firing using natural gas, The main characteristic of the high 

velocity burners is the high speed at which the combustion gases 

exit the burner ".. (they) produce a significant improvement in tho 

kiln temperature. uniformity. The turbulence taking place as a 

consequence of this permits heat transfer in the ware being fired 

to be greatly improved "(4,66); and4present day high velocity burners 

can handle widths (of kilns) in excess of 21 feet, and burners of even 

higher velocities are expected to be developed in the future" (4.67). 

Dual fuel burners have been available in the pottery kiln industry 

since the mid-19501s; the attraction is the flexibility enabling 

advantage to be taken of changes in price and variances in fuel 

availability. Early technical problems (eg efficiency of jet nozzles) 

and abundance of 'cheap$ fuel did not encourage manufacturers to adopt 

dual-fuel burners, however,, recent Jt-: ue1 price increases and scarcities 
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have led to re-interest in this concept. 

A more recent burner development has been the 'self recuperative 

liurnerit once again developed by the Gas Board Midlands Research 

Centre. The basic principle of the recuperative burner is that all 

týe waste gases are taken out of the kiln through the burners and 

recycled back into the kiln, tjzus offering potential fuel/energy 

savingue The Gas Board and Shelley Furnaces have installed two trial 

kilns, at Regent Pottery (Doultons) firing tableware, and Gimsons 

(Norton Industrial Ceramics) firing refractories; early result3 have 

recorded fuel savings between 32% and 42% (4.68). No other examples 

h-ave yet been installed* 

k 
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4.2-4. INNOVATIONS IN KILN HOT-rACE 

REFRACTORY LININGS 1800 - 1975 

Ear3, V ki3ff builders paid little or no attention to the importance 

of insulation when examining kiln efficiences; plentiful supplies 

of fuel precluded attention whilst the drive was to perfect the 

quality of the ware. Searle makes no reference to the role of 

insulating mterials in his authorititive work in l915 (4.69). 

By 1937 Mind writes that he sees kiln technology limited by two 

factors: - 
(i) knowledge of fuel technology 

(ii) the need to develop improved refractories (4-70) 

However, as has been pointed out (4.709 attention concentrated 

more on fuel technology TO PRODUCE BETTER WARE rather than to 

necessarily make better utlilisatio. n of energy used* 

But what exactly are refractory materials? What is their role in 

the operation of the kiln? And why have they assumed such dominant 

importance in recent years? 

The materials used to construct a kilnt especially those used at 

the 'hot-face' ( ie. at the point of contact with heat), affect the 

level of efficiency of the kiln through what are called 'heat flowt. 

Figure 4.9. (overleaf) shows the heat flow for a typical kiln: - 
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FIGURE 4.9o HEAT FLOWS IN A KIT11 

The efficiency of the kiln depends upon the relative heatflow in 

to the 'charge' ( ie the ware) and, by normal convention, this 

includes the trolley/ kiln car as compared with the total heat input, 

For a tunnel kiln operating at equilibram, the heat flow into the 

Uning of the kiln is juA equal'to the heat losses from the cold- 

face. With a sufficiently thick 'wall and good recuperation of 

waste gas heat, *the overall heat losses can be small. Kiln 'efficiency 

can behigh and is very little affected by the thermal mass of the 

refractory lining, 

For the intermittent kiln, the thermal mass of the lining is much 

more important, and it is this factor which largely determines the 

heatflow into the lining. Depending upon the cyclep efficiences 

can be as low as IVP because all the heat stored in the lining has 

to be replaced on each firing cycle* 

For the electfically heated-kiln there is no flue loss, and so 

kiln efficiency is generally higher than for a similar oilocoalt 

or gas fired kiln. However, the cost of electricity is much higheý 

and so savings in electrical energy are more attradive to users 

than equivilent savings in other fuels. 
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The emerging interest in the importance of refractories has led 

one technologist to write: 11 1 feel that after fuel and burner 

system developments, refractory developments have probably had 

the greatest single influence on improving furnace design" (4-72), 

The early intermittent bottle ovens were constructed of a similar 

brick to elsewhere in the factory ( although later models were 

built of more resistant fire clay brick): the immense stress 

caused by the structure (4-73) and the constant high operating 

temperatures, resulted in the need for regular kiln hot-face rebuilds. 

In addition efficiency was extremely low-certainly less than ivio- 

because the bricks used absorbed the heat generated by the kiln 

ie. had a high thermal mass): the walls, saggars (if used), 

zmffles (if used) all absorbed energy before the ware in the kiln 

could reach a temperature sufficient to be firedo 

Cogniscant of the problemo brick suppliers gradually upgraded 

the resistance-to-heat of the brick using fireclaY : actual records 

are not available but it ceems adoption by kiln builder / manufacturer 

was rapid, on the grounds that better hot-face resistance meant 

fewer rebuilds and so fewer losses in production. 

Partly the search for better refractory materials was deflected 

by the advent of the tunnel kiln ( in the 1920's). The tunnel 

kilat although constructed from the same type of firebrick, *was 

seen to be more efficient. This is bacause once a tunnel kiln 

has reached its operating tqmperature# the longperiod at. this 

temperature reduces the relative importance of the refractories 

used - it was the heating, cooling and reheating of the intermittents 

that was causing the problems. Existing refractory materials were 
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sufficient to match the level of technology of early C20th tunnel 

kilns,, but not so for the intermittentse Advances are made., 

during the 1930's. with the introduction of the 'insulating firebrick' 

The term is applied to a form of brick that was lighter 

than the traditional firebrick, but, suitable for direct exposure 

to-kiln gases in the combustion zone. It was made from-the same 

type of refractory clays used in regular firebrick. The light- 

weight was obtained by porosifying the structure. It was found 

that insulated firebrick could be ground to exact size after firingg 

so allowing closer tolerances than were possible with traditional 

firebrick which were fired to size. This increased the level of 

kiln performance because it could be built better, with fewer 

leaks. The reduced weight meant a lower heat storage value which 

meant that less fuel was required to bring an I. P. B. up to kiln 

operating temperature: similarlya kiln constructed ( at the hot- 

face) in I. F. B. could be cooled more rapidly because the relatively 

low heat storage requires less heat be removed from the kiln-liningso 

Adoption was retarded by a number of technical limitations: these 

bricks were found to be unsuitable for locations where they were 

subjected to physical punishment ( eg. being struck with firing tools 

or heavy implements) because they damaged more readily than heavy 

brick* They did not have so high a resistance to erosion as heavy 

brick when subjected to dust, ash, or other particles in a gas 

stream moving at high velocities. This problem was partly overcome 

by thec; ating of the hotface surface with a chrome-mortar to 

improve the resistance against abrasion (circa 1943). Again 

resistance to adoption was due to the relative costs of I, P. B, 

compared with normal firebrickg given that comparisions were 

less likely to be made in terms of kiln efficiences. 1 
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Evidence provided by Berliner in 1950 quotes the use. of I. F. B, 

reducing the firing cycle of an intermittent kiln from 192 to 

170 hours, with a resultant fuel saving of 21% (4-74). 

Growth of7I. F. B, parallels th6 post-war reconstruction period and 

remains the dominant refractory hot-face material (with few 

technological improvements) until the introduction of 'ceramic- 

fibres' in the 1970's. 

The Carborundum Co, introduced tho first ceramic-f ibre (FIBERFRAX) 

in 1953; this fibre was an amorphous material composed chemically 

of A12.03 (alumina) and s, Ox (silica), it being formed by melting 

a mixture of tabular alumina and commercially pure silica sand 

in an electric are furnace at approximately 1930"'ce The resultant 

product. is a light, fluffy-like, refractory fibre suitable for 

mode3ling into many forms. It was found to have a number of 

technological advantages vis a vis brick refractories: 

(i) it did not spall 

(ii) qhrink 

(iii) pzpancl 

UV) was low in heat storage 

In 1973 Carborandum introduced a Iseconi generation' of ceramic 

fibres - FIBERFRAX H- in an attempt to stimulate an almost 

uninterested market; ".. it is an entirely new departure which 

significantly extends. t4e ringe of environments in which fibre 

can be used and is the only ceramic fibre of its type being 

0- produced in quantity in the U. K. " (4-75), This new form of 

C, fibre facilitated operational temperatures up to 1250 a, due to 

a change in the chemical composition - the alumina content is 
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increased to 62% (4-76). Enthusiastically Barker writes "... 

the form of refractory with the greqtest potential growth in 

furnace construction is undoubtedly ceramic fibre" (4.77). 

v 

8- e 
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PHOTOGRAM CERAMIC FIBRE IN A PREFORUD STATE 
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The first co=ercial kiln, using higher temperature fibres, an 

electric intermittent, was built f or Aynsley China by the Drayton 

Kiln Company in 1972. Whilst designed for decorating firing the 

technologi; al concept of fibres was seen to-have application for 

all firing processes; "it is intended to develop this potential 

which should eventually embrace gl6st and biscuit apllication" 

(4o78). Subsequently, Aynsley China, in 1974 had commissioned 

the first fibre-lined kiln for biscuit firing; "the first kiln 

of its kind built in the U. K. or anywhere in Europe" (4,79)* 

Within six months of this first L. T. M. biscuit kiln (4,80) beirtg, - 

commissioned, I. C. I. (Mond Division) introduced a 'third generation# 

fibre "eo* lightweight thermal insulating materials based on refractory 

fibres have, for a number of years, given good service in furnace 

insulation and sipilar applications. The range of applications is 

now extending considerably, thanks to the introduction of high- 

performance alumina fibre insulants" (4.81)o SAFFIL (4.82) was 

found to have a number of tedhnological advantages over all other 

inorganic refractory fibres (4-83)o 
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PHOTOGRAPH ISAFFIL' A: LLVMINýk FIBRE 

Courtesy: I. C. I. (Mond Division) 
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The f irst kiln, using SAPFIL f ibres , was built f or the Wedgwood 

Group's Coalport Factory in 1974 by Shelley Furnaceso It was a 

gas fired intermittent kiln for biscuit firing. 

The technolOgical advantages became apparent. The heating-up rate 

for a kiln constructed of brick is limited by the rate at which 

the (brick) lining can be heated without causing Ispalling' ( ie. 

cracking under thermal stress). Ceramic fibres (SAPPIL in particular) 

were found to be almost completly immune to thermal shook; the 

heating-up rate in af ibre-lined. kiln uras determined only by 
. 

composition of the ware itself, This meant that 'firing cycle$ 
(from entry to exit of kiln) was drastically-reducedv as table 4-G 

showing the operating schedule for the Coalport kiln illustrates: 

KILN LIKING 

AT HOT FACE 

I. F. B, BRICK 

SAFFIL FIBRE 

CYCLE HOURS (hollow-ware) 

HEA. T SOAK COOL TOTAL 
0125CrO CYCLE 

15.5 1.0 11,0 27.5 

7.5 1.0 8.01 16,5 

TABLE 4.6., OPERATING SCHEDULE. COALPORT KILN-1197A) 

It'is necessary to 'soak' hollow-ware for one hour at 125eC, 

Given the same input of . heat/fuel, the ware can be raised to 

this temperature in 71 hours rather than 151 hours for the brick- 

lined kiln. This is a direct result of the extremely low thermal 

mass of the fibre linings( io. they absorb less heat). In additiont 

low heat storage means that the fibre linings cool down more quickly. 
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PHOTOGRAPH THE COALFORT KILN 
_1211A 

built by Shelley Furnaces. 
Gas-firod using ISAFFIL' fibre and 
Royal Worcester Anchors. 
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and the overall cycle time for the fibre lined kiln is much 

reduced, increasing kiln availability by some 66%, One observer 

comments., eighteen months an from the Coalport kilns. commission 

as applications and know-how become more readily available, it 

seems that we will see an increasing use of fibre ceramics" (4.84). 
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PHOTOGRAPH ILLUSTRATI. NG WIDE VA. RIE72Y OF 

APPLICATIO-3 OF C,, ", R. AM. TC FIBIRE IN 

KILN CONSTRUCTION 

Courtesy: I. C. I. (Kond Division). 
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4,2.5. MOVATIOlTS IN APPLYING REFRACTORY LININGS 

TO THE HOT-FACE OF THE KILN 
.1 

With the earliest bottle kilns, the 'hot-face', made of brick, 

was an integral part of the kiln's construction (4.85). With 

the development of thd hovel type kiln, the hotface was seperated 

from the zqain construction to facilitate less structural strain, 

easier loading, better firing and easier maintenace. These kilnst 

like the latter development - the tu=el kiln - were built of 

brick and cement. Both brick and cement were products of fireclay; 

though it vas the cement rather than the brick that needed the 

constant attention because it has less strength, tending to flake 

after mumerous firings, As such the refractory lining - the brick 

and the cement - were the hot-face lining,, though during the 30'st 

experiments began using layers (boards) of 'mineral wool' to replace 

layers of brick not at the hotface (kiln became lighter, cheaper 

to construct). No consideration was given to this area until the 

advent of ceramic fibres as refractory materials, Numerous comentator3 

in the early days of development of L. T. M. materials laid stress 

to one of the major limiting factors to fibre development as 

fastening techniques being both expensive and conducive to heat 

loss" (4.86), 

When ceramic fibres were first introduced into pottex7 kilns,, they 

came in the form of either long rolls of fibre (like roof insulation) 

or in board-like form* 
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PHOTOGRAPH CEPAMIC FIBRE IN ROLIFOIýM 
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The method of fixing the fibres to the kiln was to impale successive 

layers on threaded metal studs, welded or. bolted to the Uints 

steel or brick casing, holding the final layer in place by washer 

and nut, or threaded washer - as Figure 4.10. illustrates: - 

KIM NUT 
COLD FACE 

FIBRE LAYERS 

ols 

WASHER 

FIGURE 4.10. TRADITIONAL 
-METAL 

ANCHORING-METHOD 

Type of metal stud used was governed by the kiln's hot-face temperature 

(4-87). 

W uP to 9300C - 309 stainless steel 
(11) 930% 117CrC - 601 inconel nickel-chromium 

A number of early technical problems arose as kiln temperaturesp 

using fibres, were increased; it was anchorage failing that were 

causing fibres to be viewed in a poor light by the industry; as 

one writer comments... poor anchor welds are the cause of 6crlo, 

of refractory lining failures" (4.83)* But not only were there 

problems of fixing the anchors to the kiln wall,, but also the metals 

used in anchor-construction began to undergo chemical change at 

these high temperatures,, which in turn affected the contents being 
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fired ... " principallY due to oxidation and vanadium attack, (4.89); 

traces of metal oxides from the fixings were found to discolour 

the ware. So although higher temperature fibres became available 

arouni 19729 the availability'of anchors to sustain these temperatures 

acted as the block to adoption (4-90). Some early efforts to solve 

this problem included sticking pieces of fibres over the metal 

studs. This tended to reduce the possibility of oxidisation, bui 

meant that whole sections of the fibre wall had to be damaged if 

repairs needed doing, The fibre covering the studs would bond to 

the other fibre making accessibility to the studs impossible without 

damaging the kiln wall - and one of the intended benefits of fibre 

linings was that 'it was cheap and easy to repair'. Also, the 

cost of the metal used in stud-making was extremely high, precluding 

a need to constantly replace them. 

Dr. Longman at I. C. I. considers that finding a suitable anchor for 

SAFFIL -! - which was designed to operate up to 140eC (later 1600cC) 

as one of the earliest development problems. 

Two similar anchor alternatives were developed in 1972/73 in direct 

response to the needs of the fibre suppliers* 

The first, the 'Mullite Ceramic Cup't was developed by Morganite 

Ceramic Fibres. It is a threaded rod which can be stainless steel 

or refractory alloy (eg inconel). A ceramic cover plugged with 

ceramic fibre protects the metal from the temperatures at the hot- 

face* The choice of metal for the pin depends on the temperature 

expected at its tip which, in turnp depends upon the thickness. and 

type of the various insulating layers and the composition of the 

kiln atmosphere -*Figure 4.11- illustrates: - 
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PA C 

C 

OF CERAMIC 
WITH REPPkUTORY 

a. 

FIGURE 4.11. MORGANITE : MULLITE MUM CUP 

This method has been successfully tested up to 145CPC; an 

example of application is shown in the photograph below. 

-- 0- , 
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FHOT 0 Cy Rk I-DII ELECTRIC. "jLY 'ILN AT 

BRUMAM POTT3TRY (installed 
-19r))_2,131NG 

'11MLITE CIRAýgC CUP' ANCHORS. 
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The second method was developed by Royal Worcester Industrial 

Ceramics. Alumina fibres (SAF? IL) rather than metal are used for 

fixing through those layers of fibre most subjected to high 

temperatures; the metal fixing is located so far from the hot-face 

that it cmmot limit the temperature capability of the syntem - 

Figure 4#12, illustrates: - 

BRE LAY ER S 

COLD HIGH HIGH 
FA Cl;, 

, 
ALUMINA 

r 

FIGURE 4.12o IROYAL WORCESTER ANCHORI 

The Royal Worcester Anchor was successfully used in the first 

SAFFIL- lined kiln - Coalport,, Wedgwoods 1974. There ceramic 

system has been successfully tested up to 155eCe 

By the time the first biscuit fibre-lined kilns were commissioneds, 

'anchor tdchnology' was sufficient to cater for market needs, 

Neverthelessp installation methods were still difficult and slow- 

studs had to be located every 5-6", checked after every firing 

for tightness and so on, Also, the present method of anchoring# 

tended to preclude the use of fibre in existing kilns. Some attempts 

were made in the USA to fix studs to existing brick%iork kilns, but 

a much more simple method was devised - called 'veneering'. 

-1 1. 



PHOTOGRAPH ELECTRICALLY FIRED L. T. M. KILN USIIM 
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Existing refractory cements were used to stick the fibre to the 

existing brickwork. This method much simplified installation 

and increased the overall rate of adoption of fibres as existing 

kilns ccýld relaiively easily*be converted* Although overall not 

as effective as a kiln specifically built of fibre linings, three 

benefits vis a vis refractory brick were evident: - 
(i) by restricting the heat flow and reducing the actual 

brick temperature, the heat absorbed by the kiln lining 

is considerably reduced, hence major fuel economies, 
(ii) by restricting the heatflow to the lining, the time 

taken for the kiln to reach working temperature is 

reduced, and so output is increased. 

(iii) by reducing the average temperature of the brickwork 

and also the temperature profile within the bricks, the 

risk of Ispalling' is reduced, and so maintenance costs 

are reduced. 

From data provided by ICI/Morganite Fibres it seems best fuel- 

savings,, using 'veneering', are achieved when the cycle time is 

short and the kiln working temperature is high. The cost of a 

51 mm. veneer of SAFFIL fibre is about V OO/M2 , For a kiln heated 

to around 13000c in 12 hours, the fuel savings are worth (1978) about 

ZI, 00/m2/cycle. The cost of 'veneering' is recovered in 100 cycles; 

at four firings per week, the payback period is around 6 months. 

These savings do also depexid upon the thermal mass of the brickwork; 

the thicker and denser the kiln brickworkt the Greater is the saving 

achieved by vereering. Hence it became an attractive proposition 

where end-Umers could uprate (usually) their oldest kilns. A number 

of kiln builders - James Birks Ltd; Shelley Furnaces; BRICESCO have 
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used veneering to establish themselves as L. T. M. kiln builders, 

and to stimalate interest from end-users in the product. One of 

the earliest recorded 'veneering projects' was carried out by 

James Birks for Aynsley China towards the end of 1975 (4-91); I-c-I. 

market estimates forecast by 1980 for veneering to have completely 

superceaed the traditional 'wallpapering' method using traditional 

forms of anchorage - as Figure 4.13. illustrates: - 

% 10 
MARKLT 8 

DFI, MM 6 FOR 
FIBRES 4 

2 

1974 1975 1976 1977 1978 1979 1980 

75% STACKING/ 
STACK BONDING 
(veneering) 

25% 'MODULES' 
(veneering) 

0% 'WALLPAPERING' 

FIGURE 4.13. MPJCET DEMAND & TRENDS'POR 

CERAMIC FIBRES I. C. I. ESTIMTES 

DR. TAITGKkN (Marketing) 

Whilst simple vennering has captured the rebuild demandp other 

alternative forms of anchoring fibre to the kiln wall have since 

been developed. As early as 1974 it was recognised that the 

hardest part of the kiln to constructl, using fibres, was the ceiling 

indeed a number pf early failures were due to the roof collapsing 

eg the first kiln at Aynsley); Clinotherm Ltd developed its 

block-like product (using existing fibres) to build ceilings (4-92) 

- this has become known as 'stacking' or $stack-bonding'. Strips 

of ceramic fibre are fixed, edge-ent by refractory cement to a 
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rigid backing of vermiculite block which, in turn, is fixed 

by steel pins to a steel back plate, A back-up of mineral wool 

between the vermiculite block and back plate keeps the thickness 

and thermal mass of the lining to a minimum. The primary orientation 

of individual fibres in the hot-face layer is at right angles to 

the kiln-lining, which was found to have an interesting property. 

It was found that lower temperature fibres could withstand temperature 

increases. if constructed in this manner; it has meant that FIBERFRAX H 

(Carborundum) and CERAFIBER (John; 3-41anville) have been able to 

complete with SAFFIL (ICI) at some of the higher temperatures (4-93). 

Nowadays, in addition to Clinotherm, Dettrick, (DZ2RICK MODULES),, 

Sauder Industries (EYRO-BLOC) and Johns-Nanville (Z BLOCZ) all 

manufacture blocks and modules. Though all methods are termed 

tveneering' because in some way the fibre is stuck to a surface, 

'stack-bonding' denotes a-fixing the fibres, edge-on, direct to 

the kiln wall, whereas 'modules are where the fibre is stucko edge-on, 

to a backing plate, which is then fixed to metal anchors on the 

kiln wall, 
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4.3 ADOPTION & DIFFUSION OF TECHNOLOGICAL INNOVATION 

IN THE POTTERY KILN INDUSTRY 

AN INTRODUCTION 

Thus far a number of major technological watersheds have been 

introduced to the reader. Attention now turns to the interactive 

effect between the technological innovation and the industrial 

system(s) into which each was introduced. Over the period of 

examination, in particular since the 1920's, the environment of 

the system was in flux, emitting forth pressures to innovate, as 

in turn, innovation changed the system-environment. As will be 

illustrated, the establishement of clear cause-effect, independent-dependent 

variable is clouded by this interactive effect. 

CHANGING INDUSTRT STRUCTURS 

AND INNOVATION (1800 - 1975) 

Over this period of study a number of clearly identifiable changes 

in the structure of the pottery industry can be seen. 

In its earliest days the pottery industry was typified by small 

family businesses. Capital requirements for establishment were 

modest, enabling the skilled artesan to rent premises, construct 

a kiln and gradually build up the business with the help of brothers 

and sons, nephews and cousins. Business failures were common, 

takeovers and amalgamtions were frequent as successful families 

added fac . tories to their existing ones as the size of the family 

increased. Warrillow reports over 200 pottery concerns concentrated 

in the Stoke-on-Trent area by 1849 (4.94). Output tended to be 

t. 
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increased by merger or acquisition rather. than throl technical 

advance; the structure of the industry many (still) small firms 

- tended to preserve the technical status quo. so much so that 

'Mintons 6ven' (4.95)t first perfected in 
. 
1872 was still 

the principal kiln used in the industry into the early twentieth 

century. Family control and poor economic performance are seen 

as principal contributors to the slow diffusion of the tunnel kiln, 

first introduced in the late 1920tse 

At the outset of World War II a Government Concentration Scheme 

came into force, involving the closure of conversion to war-work 

of around 120 pottery factories. At the cessation of hostilitiest 

some efforts were made to raise a fund to purchase these factories 

cooperatively, and to modernise them, The scheme was abandoned 

because-modernisation on such a scale was beyond available resources 

of the indust. Ty; it was left to the individual factory owners and 

operators to rebuild an industry and to regenerate pro-war markets 

whilst being unable to close down to effect modernisation. What 

nodernisation that did take place tended to be contained within 

the domain of the original factory"... frequently this resulted 

in factories rebuilding themselves, around themselves while maintaining, 

and in many cases, seeking to increase output"(4.96). 

World War II, the Government Concentration Scheme and the subsequent 

upsurge in demand for Pottery, Post - 1948,, had a profound effect 

upon the industry's structure* If wrested in many cases the ties 

of control away from the original family-entre-preneurs. The need 

for I; reat. er production speeded up the adoption of the tunnel kiln 

with its promise of uniterruptecl flow of output. but the innovation 

was a two-edged blade. The tunnel kiln required more space than 

was often available to the small firm operating on the same cramped 

10 
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site-since the 1800's. It also required utilisation at near 

capacity on shift working to be profitable. Whilst the market 

potential wpLs there. to justify expenditure, the cost of installation 

and operation of the tunnel kiln were frequently beyond the capital 

resouces of small firms. The introduction of a tunnel kiln 

disrupted the balance of the production processv so involving firms 

in substantial supplementary expenditures on buildings, process 

equipment and the recruitment of skilled labourg scarce after the 

war. In addition fuel and materials costs pressurised firms 

mechanise to keep costs under control, Changes in technology 

demanded scientific trained managers and kiln operatives, which 

was difficult for the craft-orientated firm to integrate into 

still further, the block on the home market by the Government 

(1946-52) as virtually all production was channelled overseas to 

earn hard currency developed an i=ediate need to reassess the 

firm's marketing, selling procedures; many smaller firms found they 

could not do so. Many went into liquidation others sought solace 

and survival in mergers, 11... mergers tended to create a feeling 

of uncertainty and this triggered off further mergers. Owners 

became convinced that it was essential to Crow to survive in 

competition with larger groups" (4.97). The resultant mergers 

tended to reduce the family influence in the industry. However 

the rationalisation did proiide an impetus for the adoption of 

new technologies: - 

For examplet Allied-English Pottery acquired Booth and Colclough 

Ltd in 1948; between 1948 and 1952 six now tunnel kiln systems 

had been introduced. In addition the same company's acquisition 

Ridgeway and Adderley Pottery in 1953 coincided, with the adoption 

of new electric and gas tunnel kilns. A now trend arose in this 
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period, that of acquisition from firms not traditionally associated 

with the pottery industry; A-E. P- wqs a, subsidiarv of Spearshaft 

Industrial Group Ltd.; Barratts of Staffordshire was taken over 

by Great7Universal Stores in 1948 and finance became available 

for modernisation; two new gas-fired tunnel kilns were commissioned 

in 1950. 

The structure of the ihdustry underwent a further re-orientation 

following the implematation of the Clean Air Acts, after 1956 

(4.98); further mergers were triggered off (in particular the 

formation of Staffordshire Potteries (Holdings) Ltd*) where eleven 

companies merged to be relocated at one site). Again small, less 

technologically advanced firms were faced with an immediate 

transference of technology away from the bottle kiln or go into 

liquidation. As figure 4.14. illustrates, it led to another round 

o: E mergers, the reverberations of which were felt in to the 1960's. 

In addition the downswing in world demand for pottery in the late 

1950s - early 1960's (4-99) left firms with spare capacity; the 

mergers and acquisitions of this period did-not therefore generate 

purchases of new technology as circa 1956, but rather allowed 

those stronger firms to purchase in many cases technology obtained 

only a few years earlier. 

tp 
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FIGURE 4.14. MERGERS & ACQUISITIONS IN THE POTTERY 

INDUSTRY 3-939-73, 

66 68 70 72 

For example, H&R Johnson merged Richards Tiles with Campbell 

Tiles in 1965; both firms had purchased numbers of gas fired 

tunnel kilns only few years previous, This is the period that. 

marks the commencement of the structure as is prevalent today; 

that is the formation of a number of large pottery groups, 

Wedgwood, Staffordshire Potteriesp Doulton (later Doulton-AEP), 

Allied English Potteries* It also marks the growing interest, 

of firms outside the industry acquiring pottery interests( in 

addition to G. U. S. -and Spearshaft Industries mentioned earlier),,, 

Crown House Investments Ltd acquired A. B, Jones and Sons Ltd; (1966) 
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Robin Wools of Bradford acquired Jackson and Gosling Ltd, 

Grosvenor China Ltd in 1966. Great Universal Stores bought 

Farni:! al (1913) Ltd in 1967. In addition a number of American 

companie! sought divenification in this area- Semart Importing 

Co. acquired Enoch Wedgwood (Tunstall) Ltd and Crown Staffordshire 

China. Co. Ltdp both in 1964; Carborundum Ltd bought W. T. Copeland 

& Sons Ltd (Spode Ltd) # 1966 and Interpace Corporation (USA) 

acquired Myott, Son and Co. Ltd in 1969* 

The 'management mood' of the time-is captured by the Wedgwood 

Chairman, (now Sir) Arthur Bryan "oe. the reasons for take-overs 

and mergers in this industry are many and numerous. These are 

not the monopolistic groupings of the giant caftelsp but a genuine 

and necessary step forward in the industry's structurer permitting 

it-to develop and use m9dern methodst to retain and improve its 

market and name overseas" (4-100). 

Although Sir Arthur's words have rang true in the 1970's with a 

greater marketing emphasis reflecting the need to match resources 

to market needs - including the switch to more flexible intermittent 

kilns - the structure of the late 1960's has by no means remained 

constant. A number of firms buying-in from outside experienced 

trading difficulties; Semart Importing sold Crown Staffordshire 

to the Wedgwood Group. ( 1973); Robin Wools closed both its 

acquisitions only three years later ( 1969); Carborundum, Ltd. 

sold Spode Ltd to the Royal Worcesb:, rPorcelain Co, in 1975/6, 

Even the well-established A. E. P. group experienced integrating 

problems in the late sixties but were fortunate to have included 

within the ultimate holding company ( S. Pearson &ýCo. Ltd) a 

merchant bank (Lazardsl; S* Pearson's acquired the Doulton Group 

in 1971 and then began a 'painful' merger of Doulton - A. E. Pe 

IP 
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In retrospect the move can judged as buying in pottery-management 

expertise, as the Doulton management, although on the face of it 

taken-over, have retained the control of authority, 

Similarly the structure of the pottery-kiln manufacturer has 

undergone change since the 1800's. Traditionally the end-user 

would construct, or sub-contract the brick laying for the bottle 

kilns (even into the-1950's the background of many kiln companies 

were as Iskillel bricklayer4). The development of firms special- 

ising in kiln development/construction in the pottery industry 

comes with the emergence of the tunnel kiln in the 1920-30's; the 

name of Gibbons is paramount in this period; a firm already 

established in other beat-processing areas ( eg. Iron and Steel). 

With only one exception (incidentally the first electrically fired 

tunnel kiln at Mintons 1927)9 Gibbons were responsible for all 

the major electric tunnel kilns laid down up to 1939. Similarly 

with the gas tunnel kilns, Gibbons were able to establish itself 

by transferring technical knowledge developed outside the industry 

a number of other companies did emerge, Smith and Hinep the Davies 

Company ( now both ceased trading) and the Harrop Cer4mio Service 

Company (now BRICESCO)o The emergence of the electfic intermittent 

kiln (Post 1950) brought forth further new entrants to the industry 

in addition to those already established (Hawkins, (now James Bi4cs) 

MacDonald Furnaces, BRICESCOt Gibbons), notably Litherland Elements 

now part of Shelley Furnaces/ William Boulton Group) an& Electrical 

Rewinds (now Kilns and Furnaces), Both entered the industry with 

knowledge of 'electrical technology' necessary to develop the 

new electrical intermittents. 

.1p 
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Further structural changes in the industry's composition began 

in the late 1960's as the pattern of end-user, demand swung away I 
from tunnel kilns in favour of intermittents. Gibbonsp for so 

long reg; rded as an innovator in the potter7 kiln industry has, 

since about 1965, withdrawn from the industry, It argues that 

the size of potential demand is only marginal to its interests 

in iron-and-steel and other heat-treatment processes. It's CPB 

Division does still produce to order but general maintenance and 

servicing is left to the smaller kiln-building companies. A 

number of sources confirm an almost total disinterest by Gibbons 

in ceramic fibre technology. 

Howeverp the transference of technology and experience is evident 

by the number of ex-Gibbon personnel still involved in the industry; 

Passmore (DRAYTON KIMS)o Dickins (KILN DEVELOMMENT ENGINEER M. E*IP. )o 

The rapid development of ceramic fibres in the 1970'a-, which has 

radically altered the design and construction of kilns has speeded 

up the arrival of further new-comers to the industry; in particular 

the 'veneering process' (4-101) which has much simplified construction. 

A number of new firms have entered and captured immediate market 

share; notably D, I. S. (stoke-on-Trent Ltd), established in 1976, 

built a gas-fired, ceramic fibre-lined intermittent kiln for 

Dudson Bros. in the same year. 

Whereas examples have been presented to show that structural 

change in the pottery manufacturer's system has facilitated 

change, invariably in the kiln builder's industry it has been 

the emergence of innovation which has precipitated structural 

change. I 

0 

4- & 
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INDUSTRIAL LMDERSHIP AND INNOVATION 

In response to the research carried out. by Webster (4-102) 

-into opinion leadership in industrial systems, fieldwork was 

conducted to identify the presence of such leaders in the pottery 

kiln industry (4-103). Each respondent to the Kiln Builder Study 

was asked if they considered that there were firms operating, in 

the U. K. market who were first to develop major technological 

improvements (4-104)o 

The response was 

NO 

DONT LTOW 

0 

Follow-up person&l interviews suggested that the NO/DONT KNOW 

response was given for eithTone of two reasons: 

(i) a reluctance to give credit to a competitor 

(ii) a response that no firm was 'consistently first'; 

"several firms have developed one technological 

improvement, but no firm is consistently among the 

first" (D. SHELLEY LTD) 

Table 4.7. presentsthe major innovations by kiln builder(overleaf). 
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BUILDER DATE 

MODERN COAL INTERMITTENT self -built circa 1880 

(Minton's Oven) 

GAS-FIRED TUNNEL KILNS Dressler circa 1913 
experimental 

glost firing Gibbons 1932 
biscuit firing Gibbons 1934 

decorative (mxffled) Gibbons 1937 

ELECTRIC-FIRED TUNNEL KILNS Moore-Campbell 1927 
decorative firing 

Clost Gibbons 1938 
biscuit Gibbons 1946 

glost(belt rather than track) Birlec 1946 
decorative (belt) Birlec 1947 

glost passage-kiln Gibbons , 1948 
biscuit passage kiln Birlec 1953 

GAS PIRED IWERMITTEETS Gibbons 1939 
experimental 

glost/biseuit Birks/W#Mid. Gas 1958 

ELECTRIC FIRED INTERMITTENTS 
decorative Lockett(self-built)1946 

biscuit Havikins/MEB 195Z 
glost Hawkins/MEB 1953 

GAS FIRED CMMIC FIBR3 LINED KILN 
biscuit Shellej/ICI 1974 

glost Shelley 1975 

ELECTRIC FIRED 'C'SMOTIC FIBRE LINED KILN 
decorative Drayton/MB 1972 
glost/biscuit Drayton/MB 1974 

TABLE 4.7. 
-KILN 

INiTOVATORS 1800 - 1972 
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Prom the 5 YES responses, four firms were named: 

SHELLEr FURNACES (twice) 

GIBBONS BROS 

14ORGANITE CERAMIC FIBRES 

PYE-ETHER, LTD 

Interestingly, only Shelley Furnaces and Gibbons Bros. are kiln 

builders'. Morganite supply refractory linings and Pye-Ether 

fuel-burners. 

It became clear from the personej interviews that the time 

perspective used to ordain 'leadership' varied between respondents. 

Gibbons Bros featured because of the company's long history of 

'firsts' in the industryt in particular early developments in 

tunnel kilns ( 10ý20s - 303). whereas Shelley Furnaces receive the 

accolade for more recent achievementst in particular, being instrumental 

in the construction of the first commercially successful ceramic 

fibre-lined kiln for the Wedewood Group (1974). 

Factors attributed to these companies' positions of prominence 

were (4-105)0. - 
(i) skilled labour force 

(ii) company profitability 

(iii) an efficient management structure 

(iv) sales volume 

The number of scientific personnel employed and size of the R&D 

budget were considered to be of a lesser importance* 

All respondents were asked to specify linfluencers' within the 

industry-system; those not necessarily innovating but who are 

'watched' within the industry. - Response, as to whether such 

influencers existed, was divided evenly (4.106). 

0 
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YES 8 

NO 8 

Of the NO's it was difficult to ascertain as to whether the 

respondent was reluctant to admit following a competitor, 

The general response was that the structure of the industry - 

relatively few kiln builders - led to a constant surveillence 

of all competitors. 

From those respondents vrho indicated that linfluencers' did 

exist, the following companies were named: 

SHELLEY FURNACES 

GIBBONS BROS. 

JAHES BIRKS 

DRAYTON KILN 

In order to reaffirm the identification of leaders/influencers 

a similar exercise was conducted in the second field study 

(to Kiln Customers, Suppliers And Informed Persons) (4-1017). 

Each respondent was asked if they considered there to be a kiln 

builder operating in the U. K. who was consistently amongst the 

first develop and produce major technological improvements in 

pottery kilns; for sake of comparison responses of end-user are 

separated from the other interviewers. Table 4.8. illustrates: - 
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END-USERS OTHERS :E 

YES 84 12 

NO 257 

Dont Know 156 

TABLE 4.8. IDENTIFICATION OF LEkDERS BT 

RESPONDENTS TO SURVEY 11 (4-103) 

Comments from the ITO/Dont Knows was attributed to the interpretation 

of the word-"consistently'; it was felt that the same firms did 

not consistently innovate. Some indication was eiven that the 

pressure-to innovate ".. comes from outside the kiln industry" 

(EUROTHERM) -a point examined later. 

Having presented a list of kiln-builders (4-109). each respondent 

was asked to rank three 'whom you feel are leaders of their industry'. 

An overall ranking was estimated using an arbitrarily selected 

series of weightings namely: 

" firm ranked'ist - weighting of 4 

2nd - weighting of 3 

3rd !- weighting of 2 

" firm named but no rank - weighting of I 

Table 4.9. shows the computed average ranking (response x weighting) 

reported by end-users (ie pottery manufacturers)t other respondentso 

and a comparison with the results obtained from Study I: - 
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RANKING 
KILN BUI 

RAh'lllt. -, 4; q 
ALL 
DENTS 

RANKING RANKING IDENTIFIED 
RE AS INNOVATOR 

ON'Lly, SiOýEliZ4,, TNFLUENCER IN 
ONLY SURIMfll-T 

BRICESCO 

GIBBONS BROS, 2 2 3. 

RIEDHAMMER 3 3 6= 

DRAYTON KILN 4 4 4 

SHELLEY FURNACES 5 6 2 

JAMES BIRKS 6 5 6= 

KILNS & FURNACES - 5 

TABLE 4.9. TOP SIX 'RALMED INNOVATORY KILIT-BUILDERS 

Generally one sees a high degree of agreement between $leaders' 

as identified by end-users and by other respondents; each clearly 

identify the industry leader as BRICESCO. 
1 

The most marked disagree- 

ment between the two respondent-groups are the ranking of RIEDELUMUR 

and SHELLEY FURNACES. One possible explanation hinges on the 

fact that Shelley Furnaces have been instrumental in a number of 

modern developments, manifest more in dealings with suppliers than 

with end-customerst whereas Riedhammer have been a consistent 

steady performer in the industry* Although Riedhammer claim early 

interest in ceramic fibre development,, it has yet to complete a 

cOmmissionable kiln, although one is presently under construction. 

In addition Riedhammer have sought to speed up its assimilation 

of current technical knowledge by, recruiting personnel from 
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I 
BRICESCO. What is less explainable is the clear nomination of 

BRICESCO in Survey II yet which did not feature at all in Survey 

1. The company itself declined to participate in Survey I 

. 
(to'Kiln Builders) but some indication from other kiln builders, 

responding, independently, might have been expected to justify 

the company's nomination of 'leader' by the latter group of 

respondents in Survey II. It does raise the question as to whether 

different perspectives of 'leadership traits' existed between 

industrial systems, though both sets of respondents were asked 

to relate 'leadership' to the same criteria - sales volume and 

technical achievement. One indication provided was that end-users 

and suppliers involved in the adoption of ceramic refractory fibre 

were less supportive of BRICESCO's premier position, so possibly 

varying time scales for attributing 'leadership' nomination might 

have caused spme of the'discrepancy. It became apparent that 

BRICESCO. are perhaps the least helpful and, comiminicative of all 

the kiln companies operating in the industry and so other builders 

were less inclined to give credit to a successful competitor. 

The outcome does raise a methodological problem of leadership 

identification in industrial systems. 

The identification of leaders/influencers is of less importance 

than the subsequent examination of their relative importanne in 

the adoption, diffusion process. From the personal interviews 

of kiln builders some indi. cation was given that pressures to 

innovate arose in the end-user system rather than in the kiln- 

builder system, that is demand-pull rather than technology-push 

innovation. To substantiate these findingst respondents to Survey 

II were asked to consider a number of innovation pressure sources 

. and to rank their importance (4-110). Again a distinction was 
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made between responses made by end-users and other respondents 

to identify possible differences. As before, an overall average 

ranking for each pressure source was completed using simple 

weightinis; Table 4.10 illustraýes: 

INNOVATION MKINGS 

PRESSURE SOURCES END-USERS OTHER ALL 
(Customers) RESPONDENTS RESPONDENTS 
ONLY 

Customer Influence 
I 
Competitive 2 2 2 

Pressure 
Kiln Builders own 3 4 3 

R&D 
Supplier Influence -4 3 4 

TABLE 400. INNOVATION PRESSURE SOURCES ON THE KILN BUILDER 

AS REPORTED BY KILN CUSTOMERS. SUPPLIER AND 

INFORMED PERSONS 

The f inding 
,s sustantiate that the main source of pressure On 

the kiln-builder comes from the customerp either through direct 

requests to incorporate now technology or indirectly through 

competitive pressures where other kiln builders are satisfying 

market needs better, Supplier influence is rated somewhat higher 

by suppliers (as might be expected) but the low ranking of the 

importance of technology pushq that isp the builders own R& D# 

reinforces the findings presented earlier where builders themselves 
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considered size of R&D budget not a prerequisite for leadership. 

The implications are clear, Innovation'and the subsequent diffusion 

( in the. kiln building system) are dependent upon the behaviour 

of the end-user ( pottery manufacturers) system. 

I 
Given the importance of the enl-user system regarding the rate 

of technblogical innovation, can 'leadership' be identified? 

In attempting to answer this question two comprehensive invest-' 

igations were undertaken, using Rogers adopter categories (4-111). 

Criticism of his research methodology has been in-terms of its 

'predictive abilityt rather than the formulation of what are 

only 'ideal types'. He delineated adopters using five categories, 

identified'by the first 2-N to adopt (Innovators)v the next 13rlo 

(Early Adopters), next RIP' (Early Majority), next 34% (Late Mjority) 

and the final 16j"o' as Laggards. Obviously such as approach can 

only be practically used on historical data when the innovation 

is known to have completely diffused. This is seen to apply 

in both the examples provided below, where the last commissioned 

electric tunnel kiln was circa 1953 and the last commissioned 

gas tunnel kiln was circa 1969. For comparative purposes both 

examples included only firms manufacturing domestic pottery. 

THE DIFFUSION PROCESS FOR ELECTRIC FIRED TUNNEL KILNS 

1-927 - 1953 : IDENTIFICATION OF ADOPTER CATEGORIPB 

Between 1927 and 1953 62 pottery manufacturers adopted this typs 

of kiln. Table 4.11. presents the complete list,, delineated 

using Roger's adopter categories, and Figure 4.15. presents the 

results in a cumiative/diffusion form expressed over time. 
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Mintons , 
A* Wood + Sons IMTOVATORS 

1927-30 

Empire Porcelain Coalport China 
A. Meakin W. H. Grindley EARLY 1931-39 
J. Maddock Wiltshaw + Robinson ADOITLERS 
J+G Meakin Paragon China 

Susie-Cooper Jackson + Gosling 
Wedgwood Geo. Clewes Ltd, 
Shelley Pottery A. Clough 

FURLY 1939-49 Barker Bros. J. Tams 
MAJORITY Hudson + Kiddleton Crown Staffs 

Leighton (1939) Ltdo Staffs Teaset 
Thos. Pool / Gladstone J. Shaw 
Palissy Pottery A, B, Jones 
Shore + Coggins Salisbury Crown 
E. Brain 
Thos. Cone 
Booth+ Colclough 

N. S, Tech. College R. Sudlow 
Wade Heath Biltons (1912) Ltd* LATE 1949-51 
C. W. SI* 
E. Cotton 

Adderley MAJORITY Chapmans (Longton)Ltd. 
T. C. Wild James Kent 
Washington Pottery Lawley GP 
Parkhall Pottery Broadhurst Pottery 
Cartwright + Edwards Ford + Sons 
J. Aynsley Diamond Tile 
J. H. Barratt (1929)Ltd 
Midwinter 
Dunn-Bennett 

Rosim China Wildblood + Taylor 
Davidson Ltd. Keele St. Pottery 
Radford Staffs Pottery LAGGARDS 
Forrester + Sons Thos. Lawrence 1951-53 

H. Aynsley + Co, 

TABLE 4,11@- DIFFUSION PPOCESS FOR BISCTRTC-PIR-ED TUNNEL KILNS 
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From the first to last recorded commissioning of an electric 

fired tunnel kiln time span appr4-imately 26 years, Whilst the 

causes, and consequences explaining the lag bptween first adopters 

and othe; s are investigated elsewhere in the text, the reader is 

able to compare this industrial diffusion example with those quoted 

earlier in the text (4-112)t with similar ext4naed adoption times. 

The somewhat apparent reluctance to follow without I proof of 

performance' (albeit technical and / or economic) is demonstrated 

by the fact that there was a three years gap between the first 

commissioned kiln, at Mintons, and the second at Wood and Sons. 

Early resistance to electric firing lay partly in the manufactuier3 

commitment to his existing capititl on the grounds of the level of 

technical knowledge in the firm and his inability to consider 

replacing capita due to poor Profit performance. Electric kilns, 

although relatively simple to operate probably appeared the 

greatest departure at the time to current firing practices. It 

may have seemed difficult to reconcile early pottersq given the 

small scale of operations, to having possibly coal-fired (bottle- 

kilns) intermittents9 gas-fired-biscuit/glost tunnel kilns and 

eledtric fired decorating tunnel kilns in one factox7! Fuel and 

labour economies were best achieved using the fewest number of 

permutations on one site; the apparent benefits of electric 

decorative firing (greater fuel and kiln efficiencyq less wastage 

of fired ware) could be offset by the higher cost of fuel together 

with the problems of*ihtegrating electric firing into existing 

production practices. Hind comments in 1937 (although wrongly 

as Table 4-11. suggests) ",, there are no electric kilns in the U. K.. * 
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Aý 

10 
ADOPTION 

a 

6 

4 

2 

15. DIFFUSION 

1927-1953 

the subject has received no practical attention whatsoever in 

this country... there is no immediate project of extensive British 

development (of electric kilns) on account of the high cost of the 

power 11 (4-113)- It does seem to indicate that there was little 

cross-fertilisation of ideAs, experiences on electric firing 

between firms up to th e beginning of the second world war* 

-Doubtlessly the period of war distorted the diffusion curve, where 

the Early xaýjority stage spans ten years (4.114), whereas the 

late Majority and Laggard stages, again due to exogeneous factors 

(the subsequent upswing in demand), were comparatively short 

tv tw ;";; C. 
TIME' 
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(namely two years). On the face of it, this diffusion cur7e 

certainly corresponds more to a theoretical J-shape rather than 

the traditional S-shape (4-113). 
-I 

THE DIFFUSION PROCESS FOR T014N GAS FIRED TUNNEM KILNS 

1932 - 1969 : IDENTIFICATION OF ADOPTER CATEGORIES 

Between 1932'and 1969 85 pottery'manufacturers adopted this 

type of kiln. Table 4.12. presents the complete list (again 

x using Roger's adopter categories), 
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Conway Pottery INNOVATORS 
Portland Pottery 1932-36 

Smith + Warrilow O. W. S. 
T*Ae Simpson Alcock LindleytBloor 
Mintons J. Maddock EARLY 
J. T. Grice Minton-Hollins ADOPTERS 
Copelands (Spode) T+R Boote 1936-37 
Denis Alexander 

Geo. Wade Sadler Pottery 
Howard Pottery Elgreave Pottery 
Modern Ceramics Doulton 
Biltons(1912)Ltd Wedgwood 
Booth + Colclough Broadhurst Pottery 
Barker Bros. Bridgwood EARLY 
Wade Heath Gibsons Pottery MAJORITY 
Johnson Bros, Floral China 1937-48 
J+G Meakin Enoch Wedgwood 
A. Wood + Sons Globe Pottery 
A. G. Richardson W. H. Grindley 
S. Fielding Shaw + Copestake 
RH + SL Plant W*Adams 
T, C. Wild Beswick 
A. Meakin 
W, Kent 

J, E, Heath Cartwright + Edwards 
Crown Staffs A, Clough 
Geo. Jones Staffs Pottery 
Myott + Sons Midwinter 
J. Shaw + Son NX. Pottery 
Denton China Thos, Poole/Gladstone LATE 
Burgess + Leigh Staffs Teaset MAJORITY 
British Anchor Adderley 1948-55 
E. Brain E. Cotton 
Barratts of Staffs Taylor + Kent 
Hammersley, China Eddowes 
Now Chelsea Porcelain Paragon China 
Price Bros.. J. Aynsley 
A. J. Wade Shore + Coggins 
Dunn-Bennett 
A. B. Jones 

Wildblood + Taylor Arrowsmiths, 
Swinnerton Pottery A. T.. Finney 
Amerson Pottery Grove China LkGGARDS 
Trentham Victoria Thos. Cone 1955-69 
J. Tams Paramount Pottery 
H+E Smith A. J. Wilkinson 

, 
TABLE 4.12. DIFEgSION PROCESS FOR GAS-FIM-D TMRNEL KILM 
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and Figure 4.16. present the cumulative diffusion cur7e. 

0- 

100- 
LA. GGARDS 

80- 

'LATE 
60- MkJORITY 

ADOPTION 

4 

RLY 
YAJORITY 

-EARLY 
INNOVATORS ADOPTERS 

0-4 
1932 35 38 ýl 14 r7 05 55 "5)t 59 t2l 65 69 11 

FIGURE 4.16. DIPFUSION PROCESS TOWN GAS-PIRED TTJNTlEL KILNS 

1932 - 1969 ( DOMSTIC POTTERY USERS ONLY. ) 

I- 
-I 

The first gas-fired tunnel kilns in fact were developed, by 

Dressler as early as 1912, but were fired using 'producer-gas' 

(4.116). Although town-gas became available circa 1922, the 

transition from producer gas to town gas firing was slow because 

of a number of factors: 

W end-users commitment to existing capital plant; 

producer-gas kilns were still virtually new, and 

certainly not depreciated, when town gas became 

available in the 1920's. 
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(ii) the availability of supply of town gas; the gas 

industry was still involved in laying pipelines. 

(iii) a general resistance to innovation 

w(iv) the initial costs of town Gas (both costs of 

conversion and cost per therm) slowed the diffusion 

process 

The first town gas-fired tunnel kiln built by Gibbons (using the 

Dressler design under licence) was in operation at the Conway 

Pottery in 1932. Although records show that the second adopter 

was the Portland Pottery (1936), this only describes the diffusion 

process amongst producers of tableware/decorative china. The tile 

manufacturer3 were quicker to recognise the benefits of this 

method of firing, as Figure 4.17. illustrates (overleaf), Between 

1933 and 1938p all the major tile manufacturers of that time had 

installed town gas fired tunnel kilns for biscuit and glost firinj;. 

Further new firms became involved immediately post war as housebuilding 

began; the last recorded 'first purchase' was Barratts Tiles as 

late as 1956/57, a period marked by the first gradual and later 

speedy transition to other forms of more economical fuel and the 

restructuring of the industry. Up to this period most houses built 

included more than one fireplacet but as the demand for central 

heating and gas fires the market for fireplace tiles contracted 

considerably. A number of companies ceased trading, others moved 

into the production of dom&stic earthenware, whilst others sought 

survival in merge rs and acquisitions in particular the merging of 

H&R Johnson and Malkins tiles ( 1964); Richards and Campbell 

Tiles in 1965 and the subsequent merger of H&R Johnson and 

Richards-Campbell Tiles in 1968, With this latter merger Johnson- 

Richards Tiles (now. the major producer) instigated a new fuel policy 
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(butane and oil) which resulted., in a steep net decline in the,,, 

use of gas fired tunnel kilns in the industry. 

For technical and economic reasons, to be discussed later, the 

diffusionýof this kiln type amongst-domestic pottery manufacturqrs 

was much slower, extending over a period of 34 years; the diffusion 

curve representing the more traditional S-shape common in diffusion 

literature. 

Before seeking to examine the causes of rates of diffusion the 

question remains 'are there firms (end-users) who are regularly 

innovatory'? Is there an identifiable innovatory trait? And if 

so, what is its nature? Earlier it was ustabliz-hed that pressures 

to innovate in kiln technology more likely arise in the end-user 

system. What was less certain from the research was whether such 

pressures arise from the same end-users over an extended period of 

time. Writers have stressed the importance of the 'time' variable 

in diffusion studies, yet it is this self-same variable that makes 

difficult, comparisons in industrial systems, Innovation of the 

discontinous type appears infrequently in industrial systems and 

having once appeared, is likely to alter the system's environment, 

In addition the industry is constantly in a state of change due 

to changes in not only technology but also nature of ownership, 

competition, market demand, governqient and legal regulations and 

so on* In effect the conditions which possibly led a firm to be 

innovatory in one time period may have so changed in a second time 

period as to make meaningful comparisons difficult, For example 

Table 4.11. presented innovators and early adopters for the electric 

tunnel kiln,. but as Table 4.13. (overleaf)shows, ownership and 

with it managerial style, product ranges and so on have changed, 

p-s 
*- 
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Equally investigation cannot be undertaken to judge why innovation 

took place because of the temporal gap. 

HINTONS now controlled by AEP-Doultons 

A. WOOD + Sons still independent 

DIPIRE PORCEIIAIN acquired by Qualcast Ltd,, closed 1967 

A. XM IN now part of Myott-Meakin Ltd. 

J. HADDOCK still independent 

J+G, MEAKIN now part of thw Wedgwood Group 

COALPORT CHINA now part of thq Wedgwood Group 

W. H. GRINDLL"f acquired by A. Clough Ltd. 

WILTSBAW + ROBINSON present cannot be traced 

PARAGON CHINA AEP-Doulton 

TABLE 4.13. CURRENT 01MERSHIP OP MRLY ADOPTERS OP 

ELIECTRIC FIR3D TUNNEL KILNS 

a. 
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Table 4.14. below highlights the major kiln innovations and 

innovatory organisations (where records. permit). * 

v 

INNOVATION INNOVATORY END-USERS 

Electric fired MINTONS" A. MEAKIN COALPORT 
A WOOD + S0173 J. MADDOCK CHINA 

Tunnel Kiln (1927-53) EMPIRE PORCELAIN J+G MEMN 

Gas fired COMfAY POTTERY MINTONS' 
PORTLAND, POTTERY J. T. GRICE 

Tunnel Kiln (1932-69) SMITH+WARRILOW SPODE L12D. 

Electric fired EDVARDS+LOCKETT 
SHELLEY POTTERIES 

Intermittents (1956-72) EMPIRE PORCELAIN 

Gas fired SPODE LTD, 
THOS. POOLE/GUDSTONE CHINA 

Intermittents (1957-74) AMMON POTTERY 

Elec. fibre lined ATNSLEr CHINA 
ROSINA CHINA 

Intermittents (1972-) 

Gas fibre lined COALPORT (WEDGWOOD) DUDSON BROS. 
BR&MHAM POTTERY 

Intermittents (1974-) 

TABLE 4,14. 
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k1though certain organisations, Minton,, Empire Porcelain, Spode, 

Coalport China, do feature as innovators of a number of new 

technologies, of less certainty is why this should be so. This 

scope of this particular piece of research did not encompass the 

further 
; 

epth in historical research that would have been necessary 

to establish innovation rationale during the 1920's-50's indeed, 

reasons for slow diffusion will be presented, The radical 

restructuring of the industry between the 1920ts and today gravitate 

against identifying reasons. 

As to the influence adoption has upon other firms can be partly 

discussed in terms of the observable slow diffusion processes* 

It seems less likely that firms adopt because so-and-so has but 

rather because there are ob3ervable benefits from doing, sq; however- 

varying degree of managerial conservatism of the same facts may 

account for some adopting earlier than others (4-117). On the 

other hand, the recent launch of SAFFIL ceramic fibre by I. C. I. 

was (it is believed by the supplier) assisted in achieving market 

acceptance by the adoption of the Wedgwood Group at the Coalport 

Works* 

Evidence was provided to suggest that it is now common practice 

to receive competitors on factory visits to demonstrate the 

operation of now technologies (although findings/output tend to 

be witheld) which does aid the diffusion of the concept; what is 

less certain is whether the site where the demonstration is hold 

(ie. the innovating organispLtion)itself aids credibility! Certainly 

this is an area where more research is needed* 

'I_ " 
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ECONOMIC PERFORMANCE 

AND INNOVATION DIPFUSION 

A number of writers consider the rate of adoption and diffusion 

to be predominantly (or entirely) a function of economic 

performance; what is less clear is to whether past or future 

projected performance should be considered. In practice it 

becomes difficult to isolate any particular variable in such a 

definite*way, because economic performace itself iz a function 

of a wide number of. influences - technology,, demand competition, 

government legislation, even wars* These influences in turn affect 

managerial attitudes towards risk taking and perspectives of profit 

expectations, 

The initial growth period for the pottery industry (1800-1900) 

began to decline after the end pf the firat world war. During 

the 1920's the industry contracted and suffered severe fluctuationz 

in output (Figure 4.18. illustrates output 1925 -1974). 

400 

OUTPUT 
INDM 
Nos" 300 
(1956-100) 

200 

100 

1920 -25 -30 35 40 45 50 55 60 65 70 75 

FIGURE 4.18 POTTERY INDUSTRY OUTPUT 1925-1974 

(Source Annual Abstracts) 
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p 

Over this period the rate of profit on turnover was about 4% 

(4-118). Along with other staple British industries, such as 

wool, cotton, and coalp the potter7 industry suffered from a loss 

of export markets and a failure of the home market to take-up 

the slaci; the outcome was high excess capacity; Figure 4.19. 

illustrates export details for the industry over the period 

1935-1973: the reader should note thast export volume rather than 

value is depicted because of its closer correlation with kiln 

capacity,, however in terms of valueg china ware per thousand ton 

far exceeds the other two categories (4.119). 

, 40- 

35 - 

30 - 

25 - 

al 20 
2 

x w 
9& 15 0 
ul 

lo- 
tj A. 

WARE 
5 

163ý ý05 ý5 56 5ý 60 65 70 75 

FIGURE 4.12. EIFORTS 1925-197,3 



350' 

There was a substantial boom between 1945 and 1955; from 1945 

until 1952, all first grade pottery production was Gbvernment- 

directed overseas in a bid 4%, -o. generate foreign currency (Figure 

4.19. illustrates'the effect); increased sales(demand outstripped 

supply)were given a mucli higher priority than technological 

development. The loss of war-time production for both exports 

and the home market was made good by the boom. In the immediate 

post-dar-years many small firms entered the industry, made high 

temporary profits, then faded after 1955. For the established 

firms, resources to replace aging technology were not always 

readily available; the 1920's and 1930's bad not been too profit- 

able and it was customary for firm to depend upon retained profits 

to finance investmentp to do otherwise might lose 'family control'. 

Buildings anlequipment were antiquate'd and unsuited. to the post- 

war market conditions, scarce labour and high wages. 

It was the advent of the tunnel kiln in the 1920ts which provide& 

the means for the industry to 

achieve economies of large scale 

(ii) produce better ware 

There exists no collaborated evidence to suggest Mint6ns or 

A. Wood and Sons (eloctric fired tunnel kiln innovators) or 

Conway Pottery or Portland Pottery (gas fired tunnel kilns innovators) 

were anymore profitable before or immediately after adoption, 

Indications are that adoption of technological innovation was 

closer related to the desire to produce bettert uniform waree 

It is noticeable that the early adoption stages for both electric 

and gas-fired tunnel kilns take place during a period of depressed 

economic performance in the industry and market, No doubt the 

t� 
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period of war (1939-45). distorted the forecasts and expectations 

of the early adopters but it did mean that they were more capable 

of marketing the upsurge in demand post 1946. It is easier to 

match Early Majority categories 0 industry performance. who 

adopted more likely in reaction to market forces rather than follow- 

ing earlier adopters. Certainly market demand influenced the 

diffusion process for both innovations in its later staqese 

The immediate post-war boom period tailed off around 19510 and 

was most marked by a fall in export demand(partially caused by 

the firms themselves switching to home market demand which was 

$easier' to satisfy)* The consequences of the Clean Air legislation 

(1956) are discusses elsewhere (4.120) but as output fell during 

the period of technology-replacement, so did, profits. The period 

1956-1964 is marked by slow growth and a further instructing of 

the industry through mergers and acquisitions, discussed earlier 
(4-121). ' The favourable upturn in economics at home and overseas 

(especially after devaluation of stirling) marks an increase in 

the demand for pottery in the-mid 19601s. The point mast be 

reemphasised regarding the importance of exports to the pottery 

industry. The British potterj industry is highly dependent upon 

a b%joyant export market, so much so that export performance is 

used as the indicator of business fortune. 

In 1910, approximately 33V of the industry's total output was 

exported. As Table 4.15. shows_-, this concentration has not 

diminished: 

$ 
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YEAR TOM SALES WORT SALES % OF TOTAL 

1956 28195000 17.100,000 60 

1960 33894000 17300 000 51 

1965 41477000 19.900 000 48 

1970 51777000 30400 000 59 

1972 77135000 38000 000 49 

Table 4.15. POTTERY-INDUSTRY : EXPORTS AS A 

PERCENTAGE OF TOTAL INDUSTRY SALES 

If one considers that for many companies exports account for 

75% Plus of total output, upswings and downswings of these 

markets affect decisions to purchase technology. 

I.. ' 
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MAGERIAL ATTITUDES 

AND INNOVATION ADOPTION 

It has been suggested that output/sales performace alone does 

not fullý explain the causes, of technological innovation adoption 

in the pottery / pottery kiln industry. Traditionally owners and 

managers in the industry were perceived to be most conservative; 

as Eyles comments "... the age-old empiiical methods to which 

many British potters paid indiscriminate homage, often mistrusting 

the findings of ceramic scientists; the dynastic family influenco 

particularly marked in Staffordshire; the lure of quick personal 

profits without regard for future needs of their factories; the 

deeply rooted conservatism and resistance to change in what was 

, still mainly a craft industry; the romantic but often fictitious 

aura of mystique that pervaded much of the industry- these were 

insidious dangers in an age in which the fruits of scientific 

research, modern technology, mechanisation, market research and 

similar trends in production and selling were being exploited 

not only by newer industries, untrammelled by the past, but also 

by modern potters in the United States and other countries"(49122). 

Ryles comments seem unheeded when two researchers# commenting on 

the early adoption of ceramic refractory fibres in the early 1970's. 

write 11... although ceramic fibre blanket insulation has been in 

use for several years as higIx temperature furnace lining material., 

little investigation has been made of its physical properties" (4-123). 

As part of the study,, investigation was made as to kiln builder 

attitudes towards technological innovation (4.124). Each respondent 
(to Survey I) was presented with a number of pre-tested relevant 

statements and asked for their agreement or note Responses were 

as follows: - (table 4.16. ) 
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Stron Neither Disa S rgn No 
-gly Agree Agree -gree 54sa Answer 
Agree nor nor gree 

sagreer 

1, WE BEIIEVE' THERE IS A 
NEED TO BE AT THE FORE. 6 2 
FRONT OF POTTERY KIL11 
DEVELOPMENT 

2, THERE IS PRESTIGE TO 
BE GAINED PROM BEING 2 3 
FIRST, 

3. WE LISTEN TO WHAT THE 
, CUSTOMER WANTS AND THEN 4 5 5 2 

WE MAKE IT., 

4, THERE ARE PROFITS TO BE 3 4 2 6 
GAINED BEING PIRST* 

5. PROVEN METHODS ARE BEST. 7 3 

6. 
: 

WHY CHANGE POR CHANGE 5 2 1 
SAKE. 

7. NEV PRODUCTS ARE: ASSOC- 
-IATED WITH DEVELOPZ=Tt, 2 '10 2 2 
PRODUCTION & SELLING 
PROBIMLS 

8, WE BELIEVE IN LETTING 
OTHER FIRMS FIND THE 2 
PROBLE14S AND THEN WE 
IMPROVE THEIR IDEAS* 

9, WE ALWAYS SE04 TO NEED 
NEW MEN + EXPERTISE TO 4 3 
GET IT RIGHTe 

10, ITS TOO COSTLY TO 
PERSUADE CUSTOMERS TO 3 8 2 
ADOPT NEW IDEAS. 

11" NEW PRODUCT DEVELOPMENT, 2 8 2 
IS TOO RISKY. 

TABLE 4.16. KILN BUILDER RESPONSES TO STATEMENTS 

RE ADOPTION OF TECHNOLOGICAL IT,, 'OVATION 
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Few respondents disagreed with statements concerned with 

maintaining the technological 'status quo' - namely statements 

5,6 and 7. whilst still maintaining the need to be 'at the fore 

*front of*, kiln development' (statement 1) with the accruing prestige 

(statement 2); no firm was prepared to indicate that it followed 

development experience of other firms'(statement 8). Similarly 

it seems that technological innovation can be catered for within 

the firms current 'technical experience' (statement 9) although 

the industry observed over the time period 1920-75 does suggest 

that it was the inability to adjust to now technologies ( eg 

coal to gas/electric firing) that led to the demise of some and 

the establishment of new kiln building firms. 

Consensus to 'we listen to customer needs' (statement 3) need 

not necessarily indicate a Imarketing orientation' as sugge sted 

by the SAPPHO studies but rather provides supportive evidence that 

sources of presaure to innovate arise outside the kiln builder 

system. Hence the negative response to innovation and risk 

(statement 11); close cooperation with end-user, operating to 

end-user specifications, as happened with Wedgwoods/Coalport and 

Shelley Furnaces in the development of the first gas-fired ceramic 

fibre lined intermittent kiln, reduces the innovatory risk to 

the builder. 

Estimates were made to identifyg if anyt differences in response 

- deviations from an average industry response - made by those 

kiln firms specified as innovatory or possessing Ile4dership 

traits' (4.125). Figure 4,20 (SHELLEY FURNACES) and 4.21. 

(GIBBONS BROS) contrast innovators vis a vis the industry average 

response* 
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For both firms identified as innovatory, deviation from the 

average industry response tends only to, be in a matter of degree, 

Gibbons did take a more Ineutralt stance to being at the fore- 

front of kiln technology (statement 1'); this is manifest in the 

company's response to current kiln developments in ceramic fibres 

and intermittent kilns. Though undisputed innovators of tunnel 

kilnsGibbons have shown much less interest in current developments, 

having moved somewhat away from supplying this (to them) small 

market segment. Shelley Furnaces,, on the other hand, instrumental 

in recent kiln innovations, reacted more positively, whether in 

agreement or disagreement, than the 'average response'* Of interest,, 

both Gibbons and Shelley P! irnaces disagreed as to, the profitability 

accuring to being first to market (statement 4). Given that both 

can be-accredited by an observer as having been innovatory it 

raises an interesting point in that possibly non-innovators think, 

there are profits accuring to those who are first, whilst those 

firms who are innovatoryt from experience, recognise the costs of 

getting a new product to the market place. 

Further investigation was made regaiding the two other firms 

nominated as linfluencers' - JAIMS BIRKS and DRAYTON KILNS; as 

before, Figures 4,22 and 4,23 compare responses against the 

estimated average response. (overleaf) 

As with the linnovatorsit #e responses made by James Birks are 

more positive (whether in agreement or disagreement) than the 

laverage. responsel. Unlike the aforementioned firms, James Birks 

strongly agrees that profitability can be as a direct result of 

innovatory behaviour, As one of the more recent additions to the 
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industry its success can be traced to a willingness to tx7 

new ideas (eg ceramic fibres); this is evident from the, response 

to the technology'status quo I statement (ie statement 6). which 

is in disagreement to not only thelaverage response' but also 

Shelley rurnaces and Gibbons'Bros. 

Similarly, the responses made by Drayton-Kilns tend to agreet only 

more emphatically, ýwith theaverage response, with the exception 

of innovation and profitablity (statemant 2). Its initial interest 

in ceramic fibres resulted in a number of development teething 

problems wh , ich proved costly to , the firm (Circa 1972 

As Figure 4.24t when responses. of the four firms were compared# 

JB4! r IZC"qLy "EfflAsst AgPEE 
04 PE 6 IrQEf NOR 
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DRKYroý4 KtLt4S 

PIGURE 4.24 COVINTON ATITTUDM- TO 1j7LN0ýLATjoXr 
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there was little ground to generalise that innovators and/or 

influencers subscribed to the same common attitudes towards 

technological innovation, even when operating with the same 

industrial system. 

COnsideration was given to relating responses to the size of 

R&D budget indicated by each respondent; a number of observations 

were made: 

(i) R&D Budget Size and Statement i: " we believe 

there is a need to be at the forefront of Pottery 

kiln development'. 

(Table 4.17 illustrates responses). 

SIZE &D BUDGET 

I 

RES PONSE TO ST ATEMENT I 
tm,, cy I '-EMEP. 1 

. (as % of turnover) LAOLE. "", ACAEE Noe 

LESS TIUN 1% 2 

5 3 3 i2 

+ 5% 

TABLE 4.17 

Those firms proportionally committing more resources to R&D 

expressed more emphatic agreement with the need to be at the 

forefront of kiln development; there was, proportionally, a greater 
'neutral response$ from those firms spending less on R&D, 

(ii) R&D Budget Size and Statement 3 we listen to 

what the customer wants ana then we make it". 
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I 
(Table 4.18 illustrates responses). 

SIZE R&D BUDGET RESPONSE TO STATEDMNT 3 

(as of turnover) &1U. Im! "* f04S 

LFM TIMN 1%o' 3 
1 
4 

15 2 

+ 5p 

TABLE: 4.18 t 

Generally there was agreement irrespective of size of R&D 

oommitment; however, evidence provided from the Survey, including 

end-us. erst reinforces the suggestion that the pressure to innovate 

arises outside the kiln builder's own industrial systemp so that 

response to Statement 3 outlined above, is in response to innovative 

pressures rather than initiating innovative pressuresp as responses 

to Statement 10 illustrateoo* 

(iii) R&D Budget Size and Statement 10 : "its too costly 

to Persu%de customers to adopt new icleas". 

(Table 4.19 illustrates responses). 

SIZE R&D BUDGET 

(as % of tu=over)* 

RESPON SE TO STATEV= 10 
ho 

LESS THAN 1% 

5 2 

+ 5% 

TABLE 4-12 
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The adoption-process for the end-user / manufacturer'generally 

includes a 'trial period'. As su cha new technology is constantly 

refined as both end-user and kiln builder Ilearn through experience'; 

hence it is not too costly to persuade customers to adopt new 

ideas 

because the ideas are frequebtly'gonerated by the 

end-user, and' 

(ii) development costs, during the 'trial periods' 

tend to be borne by all parties involved. 

Discussions with kiln-builders suggested that the need to persuade 

the customer was in terms of 'that particular firm's ability to 

solve the problem at the right price' rather than 'selling new 

technology to the end-user! 

(iv) R&D Budget Size and Statement 8: "we believe 

in letting other firms find the problems and then 

we improve their ideas". 

(Table 4.20 illustrates responses). 

SIZE R&D BUDGET 

( as % of turnover) 

LESS THAN 1% 

5% 

RESPONSE TO STATEMENT 8 
1 

Nis 

TABLE 4.20 
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From the responses, all firms did not agree with what was essentially 

an admission of a 'follower relationship* even those 'firms spending 

proportinnally less on R&D did not admit to a policy of adopting 

the idea; of other firms* 

Discussions suggested that maintaining a technologicallstatus quol 

was seen as somewhat desirable by virtually all the firms; it was 

tIze willingness of a kiln builder to get involved with new ideas 

championed by an end-user that essentially identifies innovatory 

kiln-builders from the other firms, 

Attention was also given to the personnel involved in innovation 

development (4.126). Responses as to who the min personnel 

involved in the development of new kilns were variedv as might be 

expected given the size of these firms and the response to the 

number of full-time R+D personnel employed in each firm**,, 

Responses were as follows: - 

NO full-time R &ID personnel 

1-5 persons 

Personnel mentioned included managing and technical directors; 

works managers; service engineers; technical salesforce. 

This point was further emphasised ( in question 11) that 15 of the 

16 firms reported development decisions were 'group decisions'; the 

major 'other influences' reported were: - 

Any technical member. of staff 8 

Managing Director / Chief Executive 3 

(and 2 reported tcustomer influence') 
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The personal interviews tended to strengthen the view that 

development work progressed in harmony with customer requiraments; 

it was frequently pointed out by respondents. that each kiln 

presented a different problem., 

With respect to the need for forml business training, responses 

were as follows (4.127)0. 

STRONGLY AGREE 

AGREE 

NEITHER AGREE NOR DISAGREE 

did not answer 2 

Agreement seems unanimous regarding the importance of business/ 

management training; it was demonstrated that, with 6ne exception, 

at least one member of each firm possessed formal education up to 

'Pottery Manufacturers Certificate'; evidence of more technical 

training (BSc degrees etc) was less, and few technical managers 

had higher general management training (HNc/HND etc). 

Respondents were also asked if the firm undertook any 'systematic 

forecasting' of technological'requirements (4-128): 

This question received a-mixed response: 

YES 

NO 

did not answer 
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For those replying NO that systematic forecasting played 

no role - two main reasons arose: - 

(i) lack of knowledge of Isystematielforecasting 

v techniques. 

(ii) respondents stressed reliance upon customers to 

estimate their needs, hence there was less pressure 

to fordcast themselves. 

R&D development programmes were not necessarily linked to fore- 

casted future developments in the market place. 

In response to the question-was innovation development part of 

a general marketing policy? -replies were as follows (4-129): 

YES 11 

NO 

did not answer 1 

However, the personal interviews tended to suggest that 'mark-etinof 

very much was 'selling'. In none of the firms interviewed was 

there a person designated with a 'marketing title', nor seen to 

be carrying out a broader marketing rather than a sales/technical 

sales function. 

This emphasis on 'selling' was substantiated by a subsequent 

question (4-130) whe"re"sales effort" was considered to be a 

major factor in the success or failure of a new product; selling 

the firm's ability to provide a(customer demanded) technology is 

as important as the technology per see 
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In order to identify a general attitude towards innovation an 

unstructured question was put to each respondent in the kiln 

builder sur7ey (4-131) based on the conclusions made by Gaye 

and Smyth concerning the time taken for the tunnel kiln concept 

to be accepted in the industry :" one study of the pottery kiln 

industry indicated that it took nearly 40 years for the widespread 

acceptance of the tunnel kiln". Can you suggest why you feel 

it takes so long for new ideas to be accepted in your industry? 

Of the ten replies received only one was prepared to state that', 

"it doesnt" (D. Shelley) and this reply was qualified as can be 

seen below. Of the reminder, replies could either be classified 

as 'economic reasons! or, as the majority (70PS) indicated, a more 

general conservative attitude to change. The responses are reprod- 

uced as indicated on the questionnaires: 

Economic Reasons: 

"I would not think it any worse in the pottery kiln or pottery 

industry than in any other in this country. It is a reflection 

of all the attitudes of all the parties involved and the matter 

of capital costs, expected returns and government policy on taxation, 

capital allowances,, and the general economic situation. 

In any case tunnel (or continuous) kilns are not the best answer 

in all circumstances (CATTERSON-SMITH)o 

"lack of capital foi use in plant purchase" (SHELLEY FURNACES) 

"kiln design, especially of tunnel kilns has not been fully, formalised 

as a mathematical busineast and nuch of early usage was on a Isuck- 

it-and-seet basis. Hence very slow improvement in design and technology* 
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The cost of building experimental kilns is too high for any normal 

R&D work due to small potential maieket. Great shortage of 

capital in the pottery industry, especially pre-1945t did not 

assist tqchnical change; also, benefits of tunnels not always 

very apparent" (DONALD SHELLM). 

General Fanagerial Attitudes-. 

"experience is usually given precedence" (RAMSELL-NABER) 

"often because of the conservative nature of the user and manufacturer 

within the ceramic industr7, for various reasons" (WENG MIT LTD). 

"the industry as a whole is very conservative" (GIBBONS BROS), 

"tradition,, initial and considerable, expense in developing new 

kilns" (DRAYTON KILNS) 

"because quite often people take the attitude -'why change the 

old method, it is as good as any'. Also firms are not prepared 

to put enough capital into new ideas" (BIRKS) 

"reluctance because of 

bad experiences ,i 

lot of work and many orders 

tradition 
-in 

the' industry" (RIEDHADUM) 

"when the tunnel kiln was first introduced potteries were usually 

small family businesses and old traditions die hard, The majority 

of'owners did not like change and labour was cheap. Today. management 
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is far more technically. advanced and new ideas are more readily 

accepted" (KILNS & FURNLCES)* 

The same-question was asked of respondents to týe second survey 

(4-132). As it has been established that it is this system rather 

than the kiln builder per se which is the prime mover in innovation 

development and diffusion, respondents tended to produce more 

#economic reasons' for slow diffusion however, again as many replies 

were given underlining the conservative nature of the industry; 

only 2 from 22 replies definitely argured against the statement: - 

I disagree that it takes the pottery kiln industry a. long time 

to accept new ideas. Oncd 'can cite several new ideas which. after 

proper R&D and proven siteýtrials, have been accepted very quickly 

by the industry eg. ceramic fibres, recuperative burners systems, 

package tunnel kilns, high velocity burner systems, dual fuel burners, 

top-hat and the moving-hood type of kilns" (DOULTON INSULLTORS). 

"some of the early developments were due to the enthusiasm of 

individuals like Dressler,, Moore and Campbell, but supplier influence 

has been very important since the 1930's: eg. town gas becoming 

available; MEB promoting electricity sales; influence of burner, 

instrument and refractory manufacturers, Recently ceramic fibre 

manufacturers have succeeded in introducing their product in 

intermittent kilns and haie saveý energy and increased output, 

The tunnel kiln was a very radical departure from the traditional 

coal-fir; id bottle ovexi, and the time that it'took to become 

established is not a fair measure of the pottery industry's 

ability to accept new ideas. New ideas in firing are often taken 

up very quickly" (HOUM - B. C. R. A*). 
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For the rest ... 

Economic Reasons: 

it is a high investment, lasts a long time so replacement is 

slow. There is a very conservative outlook peculiar to the ceramic 

industry" (SMITHS INDUSTRISS). 

"it may have taken forty years for the widespread introduction 

of continous firing but this was probably due to shortage of 

capital rather than non-acceptance of the concept" (SPODE). 

"at the time of the study quoted above, this industry was divided 

into mariy small. under capitalised units; this alone is a massive 

'delaying factor*. Acceptance of the principle and the construction 

of the firing facility may be many years apart" WORCESTER ROYAL 

PORCEIAIN)e 

"the slow acceptance of tunnel kilns in the 1920's and 1930's 

was influenced by capital turnover, capital outlay, space and 

flexibility in relation to sales requirements. At the present 

time I think the industry is progressive and readily considers new 

ideas,, particularly since the fuel crisis in 1973" 

(H R JOHNSON-R£CEARDS LTD), 

"there are many examples of new ideas accepted and developed 

quickly within the industry, The whole of a factory's revenue 

stems from the volume and quality of ware fired. All processes 

converge at the firing stage. In the 1930's tunnel kilns were 

hit-or-miss and many in fact missed! With a low profit industry 
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very few firms could take the gamble and those that did were 

closely vat&ed by the others. No subject was as detailed, 

discussed and analysed by potters as the tunnel kiln firing 

processe The idea was accepted when proved by the pioneers with 

the cash to gamble" ( ENOCH WEDGWOOD (Tunstall) ). 

"lack of capital! " (COLEFORD BRICK & TILE CO. )* 

"it may have been forty years, but I would not accept this as 

a present-day attitude - economics of production are the main 

factors affecting decisions and also environmental control" 

(TWrFORDS), 

"with a traditionally low profit industry no one is in a great 

burry to tear ou: b workable equipment/kilns until they are forced 

to do so - possibly when planning new buildings. It was often 

difficult to build tunnel kilns into old buildings; the incentives 

to do so were less when fuel and labour were cheap" (TAYLOR & KM). 

"tunnel 1HIn represented a high capital outlay, especially to 

the smaller 'family' firms of 40/50 years ago* It required a 

brave man with cash reser7es to undertake the comparatively large 

capital investment required. A wrong decision might well have 

Ineant bankruptcy" (Jo HEWITT & SON (FENTON) LTD. ). 

General Manar-erial Attitudes: 

A number of respondents merged economic and conservative attitudes: 
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mlack of capital; until 15 years ago backwardmanagerial attitudes, 

Any innovation must be seen to be compatible with present technology, 

hence innovations tend not to be too different from existing 

practices, Also the buyer takes some time to decide upon a new 

practice - one-buyer tries a new kilnp others come and see it in 

operation, they deliberate and see if it fits their needs" 

(0, WOLLISCROFT)a 

0 in the past the causes were intelligent caution, lack of knowledge 

and lack of sufficient capital by small man4facturers. The 

tunnel kilns of the time had many disadvantages, notably lack of 

flexibility in response to trade variations for quantity and 

type. Current pottery groups have adequate capital and staff, 

Currentýadoption of new ideas is quick, tempered onlu with caution 

about durability of new kilns and their cost-effectiveness* There 

have been some costly failures (eg-oliding-batt kilns)! (DOULTON 

SANITARTWARE). 

"because the installation of tunnel kilns demanded revision of 

the layout and workflow of the factory,, with all it's attendent 

problems and costs; because it reduced the parameters of production 

flexibility; because the industry is basically conservative! 

(A,. G. HAYEK)* 

Others were more explicit as to the conservative nature of the 

industry: 
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"our experience takes us =ch further than just the pottery 

industry. The clay industry. is very old and steeped in tradition 

- two inhibitors to progress! People are often loath to clýaý 

to new ideas, particularly as they often do not understand the 

technicalities involved. Only comparatively recently have big 

strides been made in technical understanding, Often people have 

known what will happen in certain circumstances, but not whyll 

(ALFA IGGREGATES)e 

"this problem of acceptance has now changed because of managoment's 

approach to new technology" (WEDGWOOD). 

"being a very conservative industry (family concerns) there has 

not be. en the investment there should have been; is a low profit 

product" (CARBORUIMUM)o 

"as an industry, ceramics would seem to be one of the most consery- 

ative; at the last but one Interceramex (ie 1974) a new M kiln 

carried equipment of 1930 vintage! " (NU-WAY ECLIPSE). 

"because it is one of the most backward and conservative in the 

country" (EUROTHERM). 

"the longterm history of the industry encourages workeis and lower 

management to stick. with established techniques and traditions. 

Upper management are faced with very high capital investment" 

(AUTO COMUSTIONS IIOISTRACK)* 
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I'localisation of industry. The old fashioned idea that the pottery 

manufacturer was more technically competent than the kiln supplier" 

. 
(C. C. I. LTD. ). 

"because experience has proved that in this-industry in particular, 

new ideas and new machinery very often fail* This has made one 

very cautious in one's approach and no doubt some people feel why 

change from something that is working to something very often untried. 

I feel suppliers could help a lot hore by putting out more lines 

for longer trial periods" (MRT14BIRION). 

End-users (the pottery manufacturers) attribute the slow rate of 

innovation diffusion primarily to economic reasons - profitability,, 

captial for investment (which has been pointed out. largely came 

from generated profits) - whereas suppliers to the industry and 

the kiln builders themselves, comment on the conservative nature 

of managerial decision-making in the industry, 

For the pottery manufacturer economic criteria are seen as the 

cause, whereas for others the consequences of innovatory behaviour. 

It does seem from the responses that the conservative attitude 

has mellowed somewhat'with the rise of the 'professional manager' 

as fas as the pottery manufacturers themselves are concerned, but 

that this view was not substantiated by other respondents* 
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ICRANGE AGENTS' IN 

THE DIFFUSION PROCESS 

Although it has been establtshed that the end-user 'pulls through' 

kiln innovation,, a number of 'change agents' have been identified 

as influential in innovation development and the subsequent diffusion 

of that innovation (4-133)o 

Midland's Electricitv Board 

The formation of the X. E. B. in 1948 provided the impotus for 

growth in interest in this fuel for firing kilns. The newly 

formed organisation (a product of nationallation)p motivated 

by a desire to promote electricity sales, in the pottery industryg, 

began by offering attractive tariffs to induce manufacturers to 

install and/or continue using electric tunnel kilns; the number 

of electrically fired tunnel kilms in operation in the industry 

peaked during the period 1948-54. But more significahtly was 

the decision by Scholefeld (MEB technical executive) to recruit 

a kiln designer from Gibbons Bros. (a P. J. Dickins). Dickins's 

brief was to examine the potential of electrically fired kilns, 

in particular to develop an alternative intermittent kiln to 

the grossly inefficent traditional bottle-kiln. Lt this time no 

viable alternatives existed. The M. &B. designed and built a 

prototype electric intermittent kiln in 1951 (4-134); "the use of 

this kiln was then dffered to pottery manufacturers for them to 

assess both performance and economy when compared ifith other firing 

fuels" (4-M). The favourable response by industry was almost 

immediate. By 1952 an MEB - designed electrically fired intermittent 

kiln for decorative firing was installed at the Spencer-Stevenson 
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Pottery by Hawkins (kiln builder) (4-136)o 

Success with the decorating kiln encouraged the IMB to design 

kilns for firing higher temperatures using the newly available 

heating elements from Sweden. (4-137)* The first glost-firing 

intermittent using electricity (again built by Hawkins) was 

installed at Shelley China (now part of AEP-Doulton Group) in 

1953. Reluctance on the part of the end-user to allow Ithe IOB 

to use the kiln to demonstrate the benefits to other potential 

users hindered the diffusion process (4-138). 

It was as a direct consequence that the MEB built a similar kiln 

at Longton (Stolce-on-Trent) on its own premises, to which interested 

end-users were invited to undergo feasibility trials, 

Figure 4.25. (overleaf) illustrates the rapid grovth in electric 

intermittents that took place soon after: - 
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CUMUIATIVE NUMBER ELECTRIC"INTERNITTENTS 
IN OPERATION 

1 

i 

FIGURE 4,25 ELECTRIC ITITERI-TITTM KITIIS IN OPERATION 

1946-1956 Source 
MEB RECORDS 

The M. E. B. sought to pro, 7ide encouragement to a number of new kiln 

building companies - for example Hawkins (later James Birks), 

Litherland Elements (now Shelley Furnaces/William Boulton Group) 

and Electrical Rewinds (now Kilns and Furnaces)* 
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The emergence of ceramic fibre as high temperature refractory 

material in the 19701s, with the resulting increase in kiln-fuel 

efficiency, has made electric firing an attradive alternative. 

Again the MEB were instrumental in the development of the innovation. 

The first low thermal mass fibre-lined kiln to be built in the U. K. 

was designed by P. J* DickinsO in 1971. This prototype, using 

Morganite TRITONIfOOL,, was built on MEB premises. to which end-users 

were invited to use the kiln for trial periods; amongst these 

invitees was Aynsley China who placed the first order. Drayton 

Kiln (headed by W. Passmore, like Dickins, an ex-Gibbons employee) 

collaborated on design and installation. As one source notes".. 

the MEB are acknowledged to be the instigators of the utilization 

and adaptation of ceramic 'fibre" (4-139). 

The Gas Board : British Gas 

The initial impetus to-tunnel kiln acceptance, was aided by the 

change over to (relatively) cleaner town-gas, in 1922. 
_ 

In the field of tunnel kiln/burner developments, the Gas Board has 

had a number of successes; it's Midlands Research Centre began 

development work on advanced burner-block assemblies and Onozzel 

mixers' in the early 1950ts to overcome what was then a low velocity 

burner problem (4-140), It was also instrumental in the development 

of the 'self-recuperative burner' (4.141). In collaboration with 

Shelley rurnaces two trial kilns (installed at Regent Pottery / 

Doultons and Gimson/Norton: Industrial) have been showing between 

32% and 42% savings on fuel costs (1975). 

Involvement with the Wedgwood / Coalport fibre-lined kiln (commissioned 

1974) led to the establishment of the West Midlands Gas Technical 

Consultancy Service in 1975v offering a variety of services to 

the kiln industx7: - 
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arrangement of design and installation of new 

plant,, incorporating new gas-engineering techniques. 

(ii. ) survey existing gas-fired'plants and report on 

performance and safetye 

(iii) upgrade plant and controls to meet latest regulations 

and codes of practice. 

(iv) redesign or modify equipment to increase productivity. 

(v) arrange regular plant maintenance (4.142 

Refractory Materials Suppliers 

Other recent influential change agents have been the suppliers 

of ceramic fibre for refrqctory purposes-in particular Carborundum 

Co. and I. C. I* (Mond Division), Developments in higher temperature 

fibre (circa 1972/3) allowed both these companies to become involved 

in joint-collaboration development programmes with end-userp kiln 

builder and fuel supplier. For example,, I. C. I. t keen to promote 

interest in 'ceramic fibres' agreed to a number of Iquarantees' 

to both Wedgwoods and Shelley Furnaces during the early development 

stages, And it was I. C. I* who used the findings from the trial 

period at the Coalport factory to stimulate interest in the kiln/ 

pottery industry; the company now has sufficient experience to 

. bave developed computer simulation models to advise end-users on 

kiln size, kiln performace and so one 

Furthermore it is noticeable that the articles on fibres appearing 

in the technical journals were written by senior technical personnel 

attached to the major fibre suppliers (4043). 
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FURTHER PRESSURES 

AFFECTING THE RATE OF DIFFUSION 

During the research conducted for this thesis it became clear 

that a n=ber of pressures,, external to the industries under review, 

bad contributed to the rates of diffusion for technological 

innovation. Stress has already been laid As to the dampening 

effect made bj the 1939-45 war* Reference to figures 4.18 (output) 

and 4.19 (exports) illustrate this fact; similarly figure 4.17, 

for example, illustrates the slowing down of adoption of technology 

during this period. 

Subsequent government direction of output into exports created an 

imbalance in the industry in favour of export market segments 

(the dependence upon which is now coming home to manufacturers 1978) 

but moreover,, excess demand in this period caused firms to postpone 

new capital purchases in favour of continuance of production; 

the consequences have been discussed elsewhere (4-144). 

A more recent highly significant influence upon technological 

innovation has been the concerted effort by government to control 

atmospheric pollutants. As will be pointed out, technological 

innovation has been both cause and consequence of these pressures. 

To explain more fully it is necessary to retrace the developments 

in pollution control in the industry* 

The pottery industry was initially founded on Staffordshire coal, 

By 1900 there-were over 2300 coal-fired bottle kilns operating in 

the Stoke-on-Trent area (4-145)p contributing to a heavily polluted 

atmosphere. George Bernard Shawv on il visit to the Potteries, 

remarked ".. if chimneys smoke like that you will have a large 
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graveyard"; Warrilow records around 4000 deaths between 1895 and 

1900 which can be directly attributable to forms of silicosis and 

lead poisoning (4-146)o 

Attempts were made as early as 1820 to limit smoke emission, at the 

Spode factory, but records indicate they failed; the idea being 

to recycle the smoke back into the kiln (4-147). 

A bill was brought before Parliament - the Smoka Prohibition Bill 

- in 1850, which made provision for local controlling bodies to 

monitor industrial s moke and effluence. It was left to the local 

body to decide what constituted alhealth hazard'. This Bill was 

not implemented to any great. extent against the pottery industry 

because of the powerful opposition from the manufacturers; 

it was decided that the Act should not affect (the, Potteries)" 

(4,148). Pressures an manufacturers to bring change to the firing 

process were thus averted,, although a comment of these times presents 

an alternative picture of the industrial enviro=ent; 11*00 as 

travellers approached the neighbourhood, they saw it envelopod in 

smoke to such a degree that everything was obscured, and on arriving 

at Stoke they saw the tall chimneys ... vomiting forth dense clouds 

like the crater of a volcano" (4049)o 

The Sanitary (Smoke Abatement) Act was introduced in 1867; 

any fireplace or furnace which does notq as far as practicable, 

consume smoke arising from the combustible use., within the district 

of a nuisance authority, o, shall be prosecuted". Thouch persued 

with more vigour by the nuis4nce authorities, it failed to create 

any impact in the pottery industry due to the cla-a3e lais far az 
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practicable', -This clause-provided the manufacturer,, as long as 

he tried' to control smoke,, with immunity from the law, One 

method of avoiding the Act was for a manufacturer to begin a firing 

cycle at night so that accurate assessment of smoke emission could 

not be made* 

Similarly# the Smoke Abatement Act (1920) had little effect upon 

the pottery industry. By this time, in addition to the still large 

number of coal-burning kilns, there were the equally pollutant 

producer-gas tunnel kilns beginning to appear. 

One hundred years of abortive pollution control by central government 

ended with the introduction of the Clean Air Acts in 1956. Pirliament 

made it illegal for industrial chimneys to emit 'dark smoke'. As 

the Act stood, it proposed a reduction in the level of smoke 

pollution below which even the most efficient bottle kilns could 

operate. Although the Acts were not directly aimed at the Pottery 

Industry but reflected more a general inclination to reduce industrial 

pollutants*they nevertheless called for a radical re-assessment 

of current kiln technology and operation. Immediate impetus was 

given to the adoption of cleaner firing fuels, in particular electrio 

firing which at that time provided the only viable alternative 

intermittent firing process (Figure 4.26 illustrates) overleaf. 
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FIGURE 4.26 SUBSTITUTION OF ELECTRIC KILNS 1950-1960 

In the intervening years between 1956 and 1958, when'the Bill finally 

gained Royal Assent., powerful manufacturer lobbies pleaded for more 

time to make the necessary transition from coal to alternative 

fuels. Coal firing continued after 1958 as manufacturers chose 

to pay the fines imposed; arguments that high quality w4re could 

only be produced using the old methods received little'sympathy. 

In point of fact, as Figure 4.27 illustrates, the Acts merely 

accelerated the life cycle for kilns fired using coal, forcing 

traditional manufacturers to adopt already available alternative 

technologies. 
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COAL FIRING KILNS 
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FIGURE 4.27, DECLINE OF COAL-FIRING KILNS 
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Galbraith comments ". ** the old bottle kilns were rendered obsolete 

by the Clean Air Acts and were ddmolished at an alarming rate"(4A50). 

Between 1957 and 1967pthe total energy usage per year in the pottery 

industry dropped, by about 27 million therms in spite of the fact 

that pottery output-rose, The reason was that almost 42 million 

therms of coal were replaced by less than 15 million therms of 

electricity. -town gas (later natural gas), oil and L. P*G., because 

modern firing methods proved to be several times as efficient as 

traditional coal firing; 
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Figure 4.28 illustrates the changing pattern in fuel usage. 
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FIGURE 4.28 CHANGING PATTERN OF ENERGY USAGE FOR POTTERY 

FIRING 1957-1276-. SOURCE B. C. M. P. 

The consequences of these Clean Air Acts also led to a restructuring 

of the industry and the impetus for the formation of the larger 

'groups' dominant in the industry; this restructuring, in turn, 

enabled the 'survivors' to apply new technologies. 

In addition to those aforementioned external influences, a number 

of others bear mention. Oil fired kilns have twice been affected 

by international shortages; the Suez Crisis in 195ro and the later 

Arqb/Israeli crisis post-1973 and the subsequent re-appraisal on 

oil prices by OPEC. Oil and L. P. G. have declined in popularity 
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although dual fuel burners, gas-oil, allows the mamifacturer 

fuel flexibility. 

Puel-costs fluctuations are seen to influence the popularity of 

firing m; thods; ' the withdrawl of favourable tariffs . by the MEB 

circa 1954 tended to decelerate the growth rate. The rise in 

electreity costs has terminated the diffusion of electric tunnel 

kilns. Electric firing is now mainly restricted to the glost and 

decorating firing of tableware,, but its importance should not be 

underestimated, The efficiency of electric kilns is at least two 

or three'times that of oil, and better than gas, which means that 

a greater weight of ware is fired by electricity than by oil; and 

the value of the ware fired by electricity is many times greater 

because it is' used to fire high-value tableware/decorative china, 

whereas oil and gas tend to be used to fire low unit-value tiles 

and sanitary ware; as Dickins (MEB) writes 11... statistics show 

that usage of electricity for pottery firing has been stable over 

the past eight years in spite of increasing competition from North 

Sea Gas. Recent developments such as low thermal mass linings 

and precision temperature control systems, and the introduction 

of competitive electricity tariffs have ensured that the electric 

kiln will continue to be utilised, particularly in the high 

quality sector of the industry" (4.151)o 

A comment is needed on the influence of organised labour on the 

rate of technological diffusion in the pottery industry. Labour 

was first organised in 1824, faded and re-emerged in a number of 

guises throughout the C19th, but gained no meaningful bargaining 

power until 1882 with the formation of the National Order of Potters. 
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Eventual amalgamation of a number of craft societies did not occur 

until 1920 with the formation of the Nat16nal Society of Pottery 

Workers (now the ceramic Allied Trades Union). 

With the'notable exceptions of 1825 and 1836, when two bitter 

strikes did take place (with no notable success to the union), 

un ion activity has been virtually without conflict; wages rather 

than working conditions have been the area of union-management 

negotiations; "... the absence of strikes in the past means that- 

there is an absence'of a 'strike culturel among pottery workers 

in the present" (4-152)o 
, 

Although not documented, discussions with both union officials 

and management suggest a number of reasons for this absence of 

a IstrikO culture": 

(i) Size of firm '- 41thOugh the size of firm has tended 

to increase, it is =ch evident that the paternal 

aspect of the small firm re the relationship between 

'master and serwantt remains. 

(ii) Constitution of the labour force about 60% of 

skilled jobs are occupied by women who, traditionally, 

are less lunionised'. 

(iii) Continuitv of service in many factories there 

is now a fourth or fifth generation relationship 

between the owner and craftspen's families" (4.153). 

(iv) Family commitment to the firm : traditionally a 

firm has employed personnel from the same family* 

This does mean that it is very difficult for a family 

to withdraw its labour (although no suggestion is 

made to suggest that this is the firm's rationale). 
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(v) Flexibility and scarcity of labour : again 

traditionally the potter7 worker has accepted 

the principle of flexibility between jobs in the 

factory. He has not resisted change of job either 

in the short run (say an overload in one particular 

process) or long term as one technology has supple 

mented another. Figure 4.29 (overleaf) shows how 

employment has not arisen at the same rate as the 

number of operating establishments. Growth in the 

industr'7 has thus absorbed 'redundant' skills, just 

as technology has replacel labour-intensive prectices, 

Also, because of the scarcity of skilled labour, 

it has been relatively easy for a dissatisfied ope-r 

ative to find a position elsewhere with a less tech- 

nologically advanced firm. 

(vi) The traditional industry because technological 

change has been slow,, the need for labour to adapt 

to such change has equally been slow* 

(vil. ) Better Pay and conditions : acceptance of new 

kiln technology has been relatively easy because of 

the subsequent improvements to working conditions and 

remineration. Traditionally a piece-work industry, 

improved technology has increased the earnings 

potential of the workforce* 
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INNOVATION AND 

INFORYATION SOURCM 

Each resfonding kiln builder'(Survey I) was asked to emphasise 

the importance of a number of information sources seen as influential 

in the innovation process; Table 4,21 presents the responses: 

lo OWN R&D EXPERIENCE 

2. INFORMAL CONTACT BETWEEN FIRMS 

-3. 
FORMALISED CONTACT - 

4. INDUSTRY/ PROFESSIONAL PUBLICAT 

5. B. C. R. A, 

6. EDUCATIONALIOTHER 
RESEARCH INSTITUTIONS 

7, LIASON WITH FORMER CUSTOll"SRS 

mosr II P4*r so 
A, r NLL 

(o 
! 

TABLE 4.21. KILIT BUILDERSI RESPONSES TO INFLUETPIAL 

INFORMATION SOURCES IN THE INNOVATION PROCESS (4.154) 

From the replies received it can be seen that each of the sources 

was seen to rate important or most important by some respondents. 

Considering for the moment-only those rated 'most important',, 

informal contact between builder and customer is strongly emphasised. 

This reinforces conclusions reached elsewhere in the text that the 

innovation development process is a process of collaboration between 

builder and end-user. Interesting is the high response to town 
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R&D experience'; it reinforces the belief that the initial contact 

between builder and end-Axser is as much to convince the end-user 

that the kiln builder is capable of building the kiln (technologically 

-competent) as to convince the end-user of the technology's potential 

per see 

Less favourable response was received for the B. C. R. A9 (British 

Ceramic Research Association) located in Stoke-on-Trent. Informal 

discussions tended to suggest that a 'gap' existed between current 

-day practice of the kiln builder an& the research. work being 

conducted by the BCRA; a technological gap of comprehension* As 

i. s pointed out later in the text, this gap seems to be bridged by 

the end-user who considers the BCRA more important, and then 

oomminicates to the kiln builder* 

Technical publications were received favourably possibly due to 

the major suppliers of kiln technology to write exploratory articles 

in all the Britishp American and German industrial publications. 

It does seem that kiln builders themselves do not bother to contribute 

articles; technical papers highlighting an adoption of a technological 

innovation invariably are written by either end-users pr the materials- 

suppliers to the kiln builder (4-155). 

Educational institutions were accorded little importancep which 

seems to fit with their earlier response to formalised management 

training. A second comminication. gap seems to exist. 

Investigation was undertak. en to ascertain whether the responses of 

those builders considered to be either 'innovators' and/or 

linfluencers' differed from a calculated lindustry average' (4-156), 
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Pigures 4.30 (SHELLEY FURNACES) and 4.31 (GIBBONS BROS) illustrafe 

the responses made by the designated 'innovators': - 

-Score 

SOURCES OF 

INFORMATION 
(see TABLE 4.21) 

1 

FIGURE 4,30 SHELL 

core 4 
.32 

MOST. tkl*lt so 
ImpbkMar tm%grmtr 

SOURCES OF 

INFOR14ATION 

2 

3 

4 y"'.. 

5 

6 

score. 

FIGURE 4.31 GIBBONS BROS 

101 

NO 
AT M. L kAsvrtp. 

ýI 

216 43 %0 - MG Ni OST 04or 
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Shelley Furnaces and Gibbons Bros demonstrated considerably 

similarity in their responses when compared with the industry 

average, Shelley Furnaces did rate the BCRL somewhat better than 

hverage due to the number of-development programmes that have been 

undertaken between the two organisations, Gibbons Bros,, being one 

of the few kiln builders to regularly contribute to the professional 

/technical Journalst tended to rate this source of information more 

highly than the average. 

With regard to named*linfluencers', Drayton Kiln declined to answer; 

the responses made by James Birks are illustrated in Figure 4.32 below: - 

Score 4 2 3 0 
tAOST 140 lfAP0RTkmCE t4o 

SOURCES OF 

INFORMATION 
2 

41 

6 
L 

01 

l 
, 

: ý4 .... 

7 -x 

FIGURE 4.32 JAMES BIRKS 
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James Birks rated ever7-source of information as more important 

than the industry average with the exception of the importance 

of educational institutions; possibly this was due to the source 

of the questionnaire? Discussion failed to identify necessarily 

why these responses should be so except that a general air of 

enquiry and receptivity to information was conveyed by the company, 

It was this company that alone reported committing more than 5% 

of turnover to R&D expenditure. 

To constrast these findings, respondents to Survey II were also 

asked to comment on information sources re their importance in 

colmminicating new kiln technology (4-157). Once more a distinction 

was made between end-users (Table 4.22) and other respondents 

(Table 4.23) to identifyp if any, perceptual differences: 

.I -- 
TABLE- 4.22 End-users 

"OsIr NOT SO NO 

IpApOp. T"T ItApo"kKr 
IMPberktAce 

mpokThNv 

III 

Ar AU- 

Formal contact with kiln builder 4- 
151 '2 1 

Informal contact with kiln builder 5 2 4. 
Ithr9l the industry grapevine' IF 5 2 

Industry/professional publications (0 . 4- 

B. C, R, A, 3 2- 

Educational/research institutions S 

Interceramex (exhibition) 4. 12 

11 respondents to question 
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TABLE 4.23 Other, respondents* 

Formal contact with kiln builder 

NOT So NO 
, tAFb zraN T: 164poprpk+4cc 

Sf L. Lf 

Informal contact with kiln builcler 

Ithrol the industry grapevine' 

Industry/professional publications 3 S S 

B. C. R. A. 3 -2- 
171 (a Educational/research institutions 2 

Interceramex. (exhibition) 

13 respondents to question 

Comparison of responses was made by constructing two average responses 

profiles in a similar manner to that discussed earliert Figure 4.33 

illustrates: - 

gcorer 4 
SOURCE OF PRESSURE M03r 
TO INNOVATE ImfbitrAN-r 

Formal contact with kiln builder 

Informal contac t with kiln builder 

Ithrol the induatry grapevinel 

B*C, R*A, 

Educational/research institutions 

Interceramex (exhibition) 

Industr7/professional publications 

FIGURE 4.33 Compexative Profiles 

2 
IAO 

wr so IMPOQIMI 

Eh'D-USERS 

OTHER RESPONDENTS 0---* 
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Both sets of respondents reported informal and formal face-to- 

face contact as importanto substantiating the conclusions earlier, 

Discussion suggests that it is difficult to make a clear distinction 

between tformall and 'informal contact'; the nature and size of 

the industry, where builder and end-user/suppliers mix regularly 

at. meetingst exhibitions and so ont tends to result in 'most 

diecussions being 'informal' until contracts are ready to be signed, 

Cases were quoted where kilns have been installed on a handshake 

and operated over considerable trial periods before formalised 

agreements have been entered into. The close-knit environment of 

the interdependent systems explains the importance accorded to the 

'industry grapevinet. Close geographical proximity shortens ccmmun- 

ication distance and also seems to result in a mobility of. skilled 

labour between industrial systems. Even those companies located 

outside the Stoke-on-Trent area invariably approach recruitment 

through the Potteries evening newspaper- The Rvening Sentinel., 

Successful kiln building engineers have been seen to leave companies to 

begin independently; for example, W. rassmore (DRAYTON KILNS formally 

with GIBBONS BROS. )9 D. Shelley (DONALD SHELLEY LTDv formally with 

Shelley Furnaces)t P. Dickins (M*E*Bl, formally with GIBBONS BROS. ) 

(4-158). 

Discussion confirmed that the more formalised information sources 

- BCRL#educational institutions, exhibitions - rated lower; thu 

was similarly found for the kiln builder. Prequently it was reported 

that the work done by the formalised research inst . itutions was 

'a little too far ahead of the industry's present and immediate- 

future needs 
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SECTION NOTES 

4.1 For an excellent description of the methods of Islamic 
potters refer 
Wulff: "The Traditional Crafts of Persia" 

M. I. T. Press 1966, 
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British Pottery Manufacturers' Federation 1937 p, 24 

4.4 Gaye& Smith : "The British Pottery Industry' 
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4.8 Gaye& Smith : Op. Cit PJ4 
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and to transport finished ware (pottery) out of the district. 

4.13 see 4.2.3. "Innovatory Applications of Fuels" P* 282 

4.14 a 'bottle kiln' is described 4.2, "Kiln Structure Innovators" P. 264 

4.15 The author is indebted to L. B. Trustrum for his guidance in 
the construction of Figure 4-1. 

406 Thol this is not always the case as was demonstrated in 
development problems with ceramic refractory fibres p. 294 ff 

4.17 Po 264 ff 

4.18 discussed p. 268 

409 Sample Frame* Appendix 2 p. (iX) 

4*20 Covering letter, Questionnaire Appendix 3 P- W 
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4*21 Letters of Credential.,; Appendix 4 P. (XXi), 
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Pitman 1969 P-40 
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4.34 Merits of producer gas are reviewed 4.2-3. "Innovatory 
Applications of Fuels" p, 282 - 
4.35 Dressler : "Symposium on Importance of Thermal History - Problems of Firing-Ceramic 'dare in Tunnel Kilns" 
American Ceramic Society Bulletin Vol. 18 No. 11 1939. P-412 

4*36 Dinsdale : "Ceramics. A Symposium" 
British Ceramic Society 1953 P-381 

4.37 Width of tunnel kiln was limited by state of knowledge with 
respect to 'velocity burners'* p, 291 ff 

408 QUESTION KILN USERS*oo. STUDY* 

4-39 The importance of the M. E. B. and the Gas Board as 'Change 
Agents' is examined later P. 374 Pp 

4.40 McFadden & Remmey : "The Jet-Burner -A New Concept in 
Past-Precision Firing"s 
American Ceramic Society Bulletin Vol. 41 NO-3 1962 p. 160 

4.41 Fatther details can be found P. 319 ff 
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4.47 Coudamy-: "A New Generation of Intermittent Kilns" 
Interceram. No, 4 1977. p. 270 

4.48 Bushman in Ceramic Bulletin Vo. 36 No. 9 1977. Pý. 795 
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4.60 eg. Prinknash (Abbey) Pottery is located in rural Gloucestershire 
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4.145 Warrillow : Op. Cit P. 394 
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4.148 WarriMow : Op. Cit p. 421 

4.149 Dr. Garner's ". Chronicles on the Potteries" 1850 
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1976* 
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4.152 Gaye& Smyth : Op. Cit p. 224 

4*153 ANON: British Pottell Industry. Op. Cit p, 9 

4.154 'QUESTION 19 KILN BUILDER SURVEr 
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SECTION 5: SUMMARY AND CONCLUSIONS 

5.1 INTRODUCTION 

This See-Cion concludes the Thesis by reviewing the fieldwork 

(Section 4) in the context of the literature review highlighted 

in the preceeding sections. It was suggested that, the establishment 

of epistemological links between concept and operation has been 

weakened by a lack of clarity of defining terms used in this 

area of investigation. Consequently comments axe made on some 

of the major terms use4. 

Also highlighted was the. dichotomy that exists between process- 

orientated research (seeking 'causes' of innovatory behaviour) 

and results-orientated research (highlighting 'consequences' of 

innovatory behaviour). The traditional emphasis has been upon 

the establishment of a link between "innovativeness" (ie a 

propensity to innovate) and "economic criteria". More recent 

works have served to develop a wider consideration of contributing 

factors; the Thesis introduces the pressures to innovate illustrated 

in the fieldwork. 
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i 
5.2 PROBLRFS OF DEFINING TMMS 

A lack of clarity and underst-anding of terms used in research , 

aggrevates the problemb , f-explaining'the industrial adoption 

and diffusion processes. 

5.21 "INNOVATION" 

The key to this area of study is a clear definition of the term 

"innovation", although this clarity. is seldom detetminable from 

the literature. 
- 

What, is., queationned, . 
here-, Jp,, nptjpq,, jauch., the 

nature bf the-innovation (eg Continuous, Dynamical-ly-Conti5, o"usp. 

Discontinuous) but rather. how those innovating perceive the 

innovation, the, inherent risks of adoption and so on. To those 

ends the researcher needs to ascertain from the members, of a 

system (ý) themselves'what they consider to have'beerf"innovations, 

The fieldwork was used to elicite*nominations of innovations 

from the systems studied. An open-ended question led to a 

considerable level of agreement amongst respondents in the first 

system studied (ie kiln builders). A subsequent study of related 

industrial systems reinforced and substantiated these findings. 

It was these innovations that were subsequently investigated. 

The fact that some respondents failed to perceive somep or all 

of these 'technological watersheds' (more specifically the 

Discontinuous-type innovation) but rather reported technological 

innovation as a corAinuous developmentýproeess does not invalidate 

this approach, but rather validates the self-nomination approach 

because survey responses to questions will depend upon a respondent's 

perception of what is, or what. isnto an innovation. 
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This self-nomination approach does have a reporting-back problem; 

ones perception of what is "technologically advanced" Is, in part, 

governed by one's own state of current technical knowledge, in 

the sense that past innovatory achievements may be viewed as 

less advanced by respondents. viewing the process in retrospect. 

Hence what might have been perceived at the time as a "giant step 

for mankind" is viewed, in retrospectt as a natural technological 

progression. 

. 22 11 INDUSTRIAL INNOVATORS" 

The literature highlights two related. probjems;. namely the 

identification of 'industrial inno-, ýatorsl and 'how these innovators 

differ from other members of'their system. 

Even where accurate records existv there remains a methodological 

problem in using 'the firm' as the unit of definition. Whilst 

this is the common method used (indeed is used by this Thesis) 

it tends to ignore the adoption process undertaken within the 

firm, in particular how the elements which constitute the adoption 

decisions can change overtimet for example due to changes in 

(decision-making) personnelq the firm's competitive situation; 

changes which can affect a firm's outwardly propensity to 

innovate. Whilst we use the firm as our unit of measure when 

plotting diffusion are we necessarily comparing like-with-like over 

time-is the Wedgwood's of 1920 the same as in 1970? 

Furthermoreq the decision to innovate within a firm. usually 

involves a collective decision making process* This may introduce 

a methodological problem to the researcher, namely how to identify 

the "firm's collective attitude" towards innovation by the usual 

procedure of surveying one or a small number of personnel in the 
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firm. This problem is exacerbated when seeking historical data, 

where original decision-making personnel are no longer available. 

Whilst, this Thesis attempted to overcome this problem by cross- 

referencing and seeking responses from senior-executi'ves/owners 

of capital, the fact remains that the researcher is confronted 

with personalised responses that may or may not reflect the 

raison dletre for that firm's innovatory behaviour. 

From historical. records some indication was obtained-of firms 

who had been first to market with a particular technological 

innovation. There remains-the question of what should be-considered 

the moment of innovation; should, it be. 'the 'time- the Innovation 

(in this case) was commissioned or perhaps when commitment was 

mide to adopt a particular'technological innovation? It bears 

consideration because in a number of cases the dates of commissioning 

ascribed to particular firms are so close (given the laying- 

down time' for the plant). that leaderfollower behaviour cannot 

necessarily be infered. It may be, for example, constructional 

delays and so on that govern the sequence of adoption rather than 

adoption decisions per se. 

To substantiate historical recordst the systems were asked to 

nominate firms considered "to be innovatory". Whilst some agreement 

between respondents was indicated (and substantiated by historical 

records) there was a noticeable reluctance to: 

(a) possibly give 'credit' to a competitor 

and (b) viewing. innovatory behaviour over a time period 
c 

of 50 - 100 years introduced a response that tended to 

suggest no firm demonstrated a consistent propensity to 

innovate ( indeed a large number of firms currently in 

the industry have been established less than thirty 

. 
years). 
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In addition, two firms named as innovators might not have been 

considered (by an independent observer) to be part of the kiln 

builder's immediate'industryq both being materials suppliers 

to kiln builders. 

Some agreement regarding nominated innovators was obtained 

by the second study (to kiln users etc) but again was influenced 

by the respondent's time horizon, a point examined later. 

There was one notable exception; one kiln builder was ranked 

the most innovatory by, thP second study yet featured. nowhere in 

the nominations by fel. low kiln builders. The kiln builder thus 

identified, (BRICESCO), itself chose hot to participate in the 

study. An attempt to clarify this discrepancy using subsequent 

interviews was made; it was found that BRICESCO was acknowledged 

to have excelled, like Gibbons Bros, in early tunnel kiln 

development for the heavy*clay manufacturing segment (tiles, 

sanitaryware). Like Gibbons Bros. it was seen as a well 

established firm, unlike a number of its contemporaries who 

only emerged post-1950. It is likely varying time perspectives 

exp lains the paradox; the manufacturers remembering early notable 

developments whilst the competitors noting that BRICESCO klike 

Gibbons) have been less active in more recent technological 

innovations. The identification of industrial innovators when 

studied over time remains problematical. 

Studies have sought to identify the ways in which innovators 

differ from others in their industry. Several research studies 

(eg Carter and Williams, SAPPHO studies) have sought to highlight 

particular characteristics but those identified by the system 

as being "innovatory" demonstrated little variation ( in their 

responses to the survey) in management practicet attitudesp 
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organisational size, expenditure on R&D, uses of communication, 

sales successq from the industry norm. 

Partly this seems attributable to the industrial system. 

Perceived by the system-members as well as by the researcher as 

traditional in outlookv theory would suggest that it is less 

likely to find innovators deviating foom the technological 

status quo., 

Secondly, a general observation was made that the interaction 

between builder, customer and supplier (to the builder), and 

their relevant sizes affects who innovates and where the initial- 

innovatory pressures arise. 

5.23 "INDUSTRIAL OPINION LMERSII 

The existence and nature of opinion leaders in industrial 

systems remains contentious in diffusion literature. The method 

developed in communication studies post the Coleman Drug Study 

(1966), self nomination by system membersv was used to identify 

firms considered by other firms to lead in technological development. 

A number of firms were nominated as innovators. The general conclusion 

was that firms are not followed but rather are 'watched'; this 

distinction indicates an unwillingness to admit to a leader-follower 

relationship-50% of respondents admitted "watching bL-haviour". 

What emerged was rather a "general surveillance of the competitive 

situation". 

The identifaction of opinion leaders and subsequent influence on 

diffusion was made obscure by the overt influence exerted by suppliers 

(eg ICI9Pye Ether)and end-users (eg Wedgwood, Aynsley China). Moreover, 

whilst the source of innovatory pressure was found to arise 

outside the kiln builder system, nevertheless both 
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suppliers and end-users chose to relate to acknowledged succesfiful 

firms in the builder system.. Whilst this correlates well with 

designated "innovatory builders'19 the effect of this adoption 

upon later adopters remains unclear because of the difficulty of 

establishing clear leader-follower relationships, using. observation 

or self-reporting procedures. 

. 24 11 INDTJSTRTAL SYSTEMS" 

Katz emphasies the importance of the system in diffusion studies 

indeed communication studies have gained by examining "whole systems", 

As a consequence this Thesis set out to. involve every kiln builder 

operating in the U. K. supplying the pottery industry. In practice 

respondents revealed bystem members not initally considered by 

the researcher. It does suggest that care is needed in defining 

system boundaries in communication studies. Equally, the 

interlocking nature of influence patterns between related systems 

increases the need to examine the scope of any study when seeking 

to identify influence sources. This Thesis began with the kiln 

builders as the focal point of interest in seeking to satisfy 

objectives - for purposes of conducting fieldwork only the U. K. 

market could be investigated although kiln technology is worldwide 

with developmentd in the USA and Germany. However all the major 

free-world suppliers featured in the fieldwork-but it was found 

necessary to investigate suppliers and kiln end-users to explain 

the adoption and diffusion of kiln technology. The drawing of 

system boundaries raises methodological points over a number of 

earlier diffusion studies in terms of identifying the initial 

causes rather than subsequent results of innovatory behaviour. 
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5.25 THE DTFITSION CURVE 

The mapping of the diffusion process using curves S or J shape(E 

is well-established in diffusion research; it is the universality 

of shape that is argued in the literature. What remains more 

contentious is the use of prescribed mathematical formula to 

predict future innovatory behaviour using stages in the diffusion 

process, 
Using actual historical data two diffusion curves were plotted 

and were seen to demonstrattb, the general shape described'in 

the literature. 

The diffusion curve plots market acceptance ýZains. t time of 

adoption. The use of "time" is considered fundamental to the 

process. However it is suggested that using "time" affects 

the predictability of diffusion curves describing technological 

innovation. In each of the cases mentioned it was seen that the 

diffusion process was interrupted by exogeneous events - warp 

goverment intervention and so on - that, in retrospect, can 

be seen to have altered (here, retarded) the diffusion process. 

What is evident is that the time taken to diffuse major technological 

innovation (the time scales for kiln technology were not significantly 

different from those quoted in the literature for other technological 

innovations) allows the infusion of variables which change the 

conditions under which adoption decisions kand subsequent diffusion) 

take place. Hence comparisons between earlier and later adopters 

regarding conditions of adoption remains questionnable in terms 

of using the former to predict the latter adoption behaviour. 

Such were the impact of these intervening events that the pauses 

of adoption prior to the event differed considerable from those 

preceeding the event; indeed the event itself became the cause of 
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subsequent adoption behaviour. 

This is not to underestimate the importance of mapping diffusion 

curves; such action serves to highlight the consequences of 

these (and other) influences, but equally the possibility of 

such variables occuring over extended time periodst like in 

technological forecasting methods per se, questions the use of 

mathematical formulae to describe and predict future technological 

adoption behaviour. It should be stated that inherent problems 

arise regarding the establishment of accurate historical'data. 

Problems arose as to establishing precise dates of adoption due 

to memory recall or inaccuracies in company records( where such 

records existed)9 changes in industrial strUcture (eg firms had 

, "disappeared" between the. time of adoption and time of the study). 
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5.3 CAUSES OF INDUSTRIAL INNOVATION 

In adopting a process rather than results orientated approach 

this Thesis concludes by highlighting thae factors found 

influencing technological innovatory behaviour. The literature 

contains varied reasons why organisations engage in innovatory 

behaviour. Such reasons have recently moved away from explanations 

solely related to economic factors such as profitability per se. 

The study identified a number ofinnovatory pressures. It remains 

conjectural as to the relative streno4s of these pressures. 

Certainly some factors. were reported more frequently by respondents 

but as the reader will seep the interrelated nature of these 

pressures makes the establishment of cause-effect-i relationships 

of isolated variables that much more difficult. 

5.31 THE LEVEL OF TECHNOLOGY 
I 

It was clear form the study that industrial diffusion cannot 

be meaningfully investigated without due consideration of competing 

technologies. At any period in time an innovatiozi may be competing 

for adoption not only with the technology it is threatening to 

supplant but also parallel innovations and competing technology, 

as occured with gas/oil tunnel kilns and electric tunnel kilns 

competing with each other as well as offering superior technology 

to the coal fired bottle kiln in the 1920's - 30's. 

In addition, the adoption. of innovation itself can provide the 

impetus for further innovation. Technological bottlenecks, 

created by the implementation of technologyg pressurise firms to 

further innovation to balance the technical knowledge status quo. 

Numerous examples were found: - 
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(i) TUNNEL KILN D=OPMENT 

CHANGE IN FUM 

CHANGE IN' RNER TECHNOLOGY 
I 

CHANGE IN' NNTEL KILN SHAPE 

Iii) MODERN INTFIMTTMS 

DEVELOPMENT OF L. T. M. REFRACTORY FIBRE 

DEVELOMENT OF "ANCHOR TECHNOLOGY" 

DEVELO OF CHANGES IN REFRACTORY 

PORTABLE KILNS FIBRE APPLICATIONS, 

The consequences of diffusion of one innovation were seen to 

contribute tothe causes of further innovation. One element 

highlighted in the literature seen as accelerating the rate of 

diffusion is IITýrialabilityll, in particularv visible evidence of 

performance. *Numerbud examples presented themselves, for example 

the first electric tunnel kilng commissioned by Mintons (1927) 

was considered a trial operation, as was the introduction of 

ceramic refractory material forty five years later at Aynsley 

China and Wedgwoods. Perhaps peculiar to the industry is the 
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commonplace practice for competing firms to be allowed to see 

a new piece of equipment in operation. In only one reported case 

did an end-user (pottery manufactilrer) refuse to open his 

doors to his competitors. The effect was for the MEB to construct 

its own frial kiln and invite comment from the industry ( the 

role of change agents is dealt with later). What was found 

interesting was that a lack of understanding of the technology 

does not necessarily inhibit adoption and diffusion. Trial and 

error and "it works" were sufficent to begin the diffusion of a 

technological innovation. 

5.32 MANAGERIAL ATTITUDES 

In line with recent studies this Thesis endorses the importance 

of managerial perspectives in the adoption of tefhnological 

innovation. It was seen thatsuch attitudes and predispositions 

to innovate did vary over time due to changes in the competitive 

situation, the structure of firms. and in the industry. The 

strong emphasis upon family ownership and control, together with 

a craft-orientation, gravitated against a general propeqsity to 

accept technological changep endorsing the importance of an 

organisation's "climate, ' (Tagiuri & Litwin). 

It was evident that prevailing "attitudes" (a general propensity 

to innovate-might be a more meaningful descriptor) affected how 

other innovation influences were perceived. For example, it was 

the interpretation of-economic factors rather than these "facts" 

themselvesp which influenced how the perceived risk was assessed 

and adoption decisions made. Managerial attitudes can be considered 

to be an overriding cause of the speed of adoption and diffusion 

of technological innovationt generally formed by past innovation 
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experiencesq first or second-hand, in conjuction with the prevailing 

organisational and competitive climates, 

5.33 INDLWRIAL STRUCTURE 

Self-report by the systems studied suggested that they were 

"traditional in outlook"O based upon family ownership and with an 

emphasis. uPon artisan-excellence. Evidence was presented to show 

that structural change itself occurred as a consequence of innovation 

(eg the industrial restructuriyý4g-,, post-1956 Clean Air Acts and 

the demise of the bottle kiln) and also a cause of innovation; 

for exampleg changes in firm's sizelmergers and acquisitions 

provided synergistic opportunities for-ýhe implementation of 

new technologies precluded earlier by the nature of the structure. 

5.34 ECONOMIC FACTORS - COMPETITION AND PROFITABILITY 

Traditionally economic factors were considered in the literature 

to be the prime movers of technological innovation ( ie "relative 

advantage" expressed in economic terms); anticipated profitability, 

possibly through experiencet being the cause, and subsequent 

rewards reinforcing the propensity to innovate in a future 

time period. 

This perspective assumes a continuity of experiences which in 

practice is altered by the time scales involved and the subsequent 

changes in structures and attitudes between major technological 

innovations. If this self-reinforcing purspective was true, 

innovation would become a regenerative process, with succoss 

breeding success through successive applications of technology. 
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This was not substantiated by this study; successful firms (at 

any one point in time) did not necessarily reinvest in new 

technology to seek to perpetuate their positions. Firms often 

chose no-C to grow beyond a "complacency size" because of the 

fear of loss of family control; rewards for entrepreneurial 

endevour were frequently "leaked" from the industry rather than 

reinvested. 

Profitability for the industry was observed to be low and this 

fact has influenced the propensity not to innovatep but this must 

be viewed in the light. of an unwillingness to borrow capital for 

investment because of the possible dilution of managerial control. 

Profit opportunities were interpreted in the light of such 

constraints. 

Competitive influences were not cfedited with having M'Uch effect 

upon adoption decisions; indeed the nature of the systems studied 

led firms to watch each other with a kind of awe when one of them 

was implementing new technology. Immediate technical success 

itself did not necessarily stimulate immediate imitation, but the 

subsequent increase in "better ware" (rather than profits per se) 

served to create an interest in the technology. Examples were 

given of competitors sharing trial situations with a pooling 

of experiences. 

The findings of this Thesis are limited in terms of determining 

whether profits pulled through ihnovation or vice versa. 

Certainly prior to i939 innovation took place in a climate of 

falling profits and industrial depression. The upsurge in demandt 

especially in exports, immediately post-war led to an inverse 

propensity to innovateq as the desire to reestablish old and new 
markets led to a postponement of technological innovation. 
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Again, as profits-and output fell post-19560 innovation took 

place. 

Because.. of these observations it is difficult to propose a 

cause-eftect relationship between increasing profitability and 

a propensity to innovate; innovation was observed to take place 

in distress rather than slack situations, inresponse to changes 

in profits rather than in anticipation of achieving increased 

profitability. 

5.35 ROLE GF "CHANGE AGENTS" 

The identification and importance of "change agents" in industrial 

systems has received little attention in the research literature. 

The concept has been developed from the findings of medical and 

rural sociologists, consequently it tends to be restrictive for 

explanatqry uje in industrial systems (viz 11 a professional who' 

influences innovation decisions in a direction deemed desirable 

by a change agency"). From this studyý change agents - considered 

to be links between systems as opposed to opinion leaders who 

link within systems - were observed operating from a number of 

sources. The British Ceramic Research Association r6presents the 

change agent formally charged with infusing new technological 

ideas into the industry. However, this institution, like educational- 

research establishments, received a "low influence rating" from 

respondents to the study, being seen as "too-advanced" for the 

day-to-day needs of the industry. Where it had been influential 

is through a two-step flow to particular firms within the industry, 

who have then communicated the innovation to other firms within 

the industry (often by example). 
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Other change agents were seen to be stimulating the adoption/ 

diffusion processessuch as end-customers, fuel suppliers, 

materials suppliers (though in a competitive situation stressing 

self-interest). Whilst the degree of encouragement provided 

(eg trial facilitiesq absorption of risks and costs-sharing) 

variedg their influences was observed as considerable. 

5.36 A PLACID'LABOUR FORCE 

Organisational resistance to change is usually considered from 

a manageral context with minimal consideration as to the possible 

role of (organised) labour in the adoption/diffusion process. 

Yet in an unionised system such res istance may affect 
I 

not only 

adoption in any particular firm, but also the rat4 of diffusion 

in the industry. Although the works in the Pottery. Industry have 

over 150 years of unionised historyp little evidence was 

available to suggest that kiln technology has been resisted on 

any substantial scale. Implementation of kiln innovations has 

generally led to favourable improvements in working conditions 

and better earnings potentialq which have outweighed. the reductions 

in manning levels. Scarity of skilled labour has allowed operatives 

to seek employment in organisations with their desired level of 

kiln technology, or to retrain in the new technology or to 

retrain for another job within the organisation (demarkation 

disputes are infrequent in an industry that accepts labour 

flexibility and mobility), It is true to say that the systems 

themselves - traditional in outlook with limited radical change- 

have not provided a climate of conflict because change of working 

practices havd been so gradual. 
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5.37 THE INDTISTRTAL =ROMIMIT 

A number of pressures to innovate were identifidd which could 

be considered beyond the immediate control of the innovating 

decisioZ-maker. Such factors were observed to be both causes and 

consequences of innovatory behaviour. For example Governmental 

direction of production into exports in the early post-war 

(1946-52) period is considered to be the prime reason for1he 

postponement of technological re-equipping. Similarly, failure 

to adopt newer, cleaner firing methods contributed towards the 

changes in pollution legislation in 1956, which, in turn, 

fundamentally changed the level of technology in the industry 

and the industry's structure itself. Other examples include the 

effects of relative fuel prices(by taxation, Government direction 

and so on) which influenced the relative attractiveness of 

particular methods of combustion; world wars, the Arab-Israeli 

conflicts and subsequent international oil-price movements have 

influenced the rates of diffusion for innovations diffusing at 

these particular times. -In turn the recent energy crisis has 

provided a new impetus for better fuel-efficient kilns. *P 

5.38 COMMUNICATIONS 

The literature stresses the importance of "communications" 

in the diffusion process. To understand its role it is necessary 

to consider trhat. iS communicated - the message - and how it is 

communicated -. the channel used. 

Various channels were tested as sources of innovatory ideas and 

pressure. A general conclusion reached was that informal channels 
rated more highly-with the respondents. Possibly this was due 
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to the system investigated; both geographically (location) 

and sociallyp kiln Wildersp customers and suppliers were known 

to each other, often sharing similar (technical) backgrounds, 

and in some cases common technical experience. As a result, 

word of mouth and "grapevine news" tended-to be rated higher than 

formal contact-through the salesforce. Similarly, the industrial 

practice of inviting competitors to view technology on trial 

speeded up the awarene-05 and interest stages of adoption by 

providing meaningful "second-hand" personal experience. A 

number of trial cooperations were traced to friendship patterns 

cemented by some-company backgrounds. The existence of industrial 

opinion leaders has been raised elsewhere, Attempts were made 

to relate channels used by-nominated leaders in comparison with 

other firms in the industry; it was established that they Ao not 

necessarily use different channels but it is-less clear whether 

they differ in what they do with the information so collected. 

Opinion leaders as "gatekeepers" of informal networks were not 

clearly established; apparently whilst firms are watched and 

respected for past successes, their opinions are not necessarily 

actively sought (or at least this point was not reported in the 

study). 

Both formal channels (exhibitions, meetingsq promotion)-and 

informal channels were identified operating in the system 

studied. Informality was seen as the key source of information. 

5.39 BRIEF SU"IMATION OF THE FIELDWORK FINDINGS REGARDING THE 

SPEED OF DIFFUSION IN INDUSTRIAL SYSTR4S 

Retarding Factors 

(a) The traditiohalp conservative perspective of the 

end-user increases the reluctance to make technological 

f 

innovation decisions. 
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(b) The historical structure of ýhe industry; the 'small 

family controlled unit' with inadequately trained 

scientific and business managers. 

(c) The availability of resources in a low profito 

high waste industry to allow the end-user to finance 

technological risk. 

(d)-The size of the pottery kiln market (both new and 

replacement demand) inhibits the kiln-builder from 

large scale R&D commitment and explains why kiln 

builders tend to remain small service units. 

(e) The adoption of new kiln technology can affect. the 

rest of the production process* so pressures exist to 

maintain the production status quo. 

(f) Possible lack of entrepreneurial flair to undertake 

risk unlike earlier periods in the industry's history. 

(ii) Accelerating-Factors 

(a) The close-knit nature of the industry does mean 

that a successful adoption of an innovation is quickly 

communicated through the industryt so accelerating the 

diffusion process. Note, however, a failure is likewise 

quickly communicated and acts to reinforce the traditional, 

technology status quo stance. 

(b) Recent mergers within the pottery industry have 

provided larger firms with more resources available for 

investmentg also better qualified scientific and business 

personnel. 
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(c) The increasing involvement of change agents - 

fuel suppliers (Gas Board, Mp Shell Oil ) and 

refractory material suppliers (ICI, Carborundum). 

Exogenous pressures pulling through technological 

changeg for example the world fuel crisis post 1973- 

(e) The emergence of entrepreneurial flair in the kiln 

builder system (eg James Birksy Donald Shelley); builders 

who are prepared to develop technologies (primarily 

refractory. fibres and portable kilns) in anticipation 

of end-user demande 

(f) The presence of research facilities at the BCRA 

and other research / educational institutions. 

(g) The widely circulated (but less consulted) 

technical media. 

.I 

I 
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APPENDIX I GENERUISATIONS ABOUT THE DIFFUSION 

OF - INITOVATIONS 

source. Rogers & Shoemaker P347-385) 

Communication of Inn-ovation 

System effects my be as important in explaining individual 

-innovativeness as such individual characteristics as education, 

cosmopoliteness, and so on. 

2. Earlier knowers of an innovation have more education than 

later, kncyrers. 

3* Earlier knowers of an innovation have higher social status 

, than later kncniers. 

4. Earlier knowers of an innovation have greater exposure to 

mass media channels of commmication than later adopters* 

5. Earlier knowers of an innovation have greater exposure to 

interpersonal channels of comim)nication than later adopters, 

6* Earlier knowers of an innovation have greater change agent 

contact than later knowers, 

7. Earlier knowers of an innovation have more social participation 

than late knowers. 

8. Earlier. knowers of an innovation are more cosmopolite than 

later knowers. 

90 Later adopters are more likely to discontinue innovations 

than are earlier adopters. 

10. Innovations with a high rate of adoption have a low rate 

of discontinnance. 

8 



(ii) 

11, Traditional individuals are more likely to skiplunctions 

in the innovation-decision process than are modern individuals. 

12, There are functions in the innovation-decision process* 

13. The rate of awareness-knowledge for an innovation is more 

rapid than its rate of adoptiono 

14. Earlier adopters have a shorter innovation-decision period 

than later adopters. 

15. The relative advantage of a new idea, as perceived by 

members of a social'ýsystemt is positively related to its 

rate of adoptiono 

16, The compatibility of a new iaeap as perceived by members 

of a social system, is positively related to its rate of 

adoptiono 

17, The complexity of an innovation, as perceived by members of 

a social system, 'is not: related to its rate of adoption, 

18. The trialability of an innovation, as perceived by members 

of a social system, is. positively related, to its rate of 

adoption* 

19. The observability-of an innovation, -as perceived by members 

of a social system, is positively related to its rate of 

adoption. 

20. The degree of communication integration in A social system 

- is positively related to the rate of adoption of innovations, 

21. Earlier adopters are no different from late adopters in age. 

22. Earlier adopters. have iftore years of education than do later 

adopters. 

23. Earlier adopters are more likely to be literate than are 

later adopters. 

24. Earlier adopters have hiigher social status than late adopters. 
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25. Earlier adopters have a greater degree of upward social 

mobility than do later adopters. 

26*-- Earlier adopters have larger sized units (farms etc) than 

do later adopters. 

27, Earlier adopters are more-likely to have a commercial 

(rather than a subsistence) orientation* 

28, Earlier adopters have a more favourable attitude towards 

credit (borrowing money) than later adopters. 

29. Earlier adopters have more specialised operations than 

later adopters* 

30. Earlier adopters have greater empathy than later adopters. 

31. Earlier adopters are less doematic than later adopters. 

32, Earlier adopters have a greater ability to deal with 

abstractions than do later adopters. 

33. Earlier adopters have greater rationality than later adopters. 

34. Earlier adopters have greater intelligence than later adopters. 

35. Earlier adopters have a more favourable attitude towards 

change than later adopters. - 

36. Earlier adopters have a more favourable attitude towards 

risk than later adopters. 

37. Earlier adopters have a more favourable attitude towards 

education than later adopters. 

389 Earlier adopters have a'more favourable attitude towards 

science than later adopters, 

39. Earlier adopters'are less fatalistic than later adopters. 

40. Earlier adopters have higher levels of achievement motivation 

than later adopters. 

41* Earlieradopters have higher aspirations (for education, 

occupations etc) than'later adopters. 
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42o Earlier adopters have more socialýparticipation than later 

adopters. 

43* Earlier adopters are more highly integrated with the social 

system than later adopters. 

44. Earlier adopters are more cosmopolite than later adopter3o 

(io. measures of cosmopoliteness include trips to citiest 

exposure to cosmopolite communication channels. )- 

45. Earlier adopters have more change agent contact than. later 

adopterse 

46. Earlier adopters have greater exposure to mass media commin- 

ication channels than later adopters, 

47. Earlier adopters have greater exposure to interpersonal 

communication channels than later adopters. , 

48. Earlier adopters seek information about innovations more than 

later adopters. 

49. Earlier adopters have greater knowledge of innovations than 

later adopters. 

50* Earlier adopters have a higher degree of opinion leadership 

than later adopters. 

51 . Earlier adopters are more likely to belong to systems with 

modern rather than traditional norms than later adopters. 

52, Earlier adopters are more likely to, belong to well integrated 

systems than are later adopters. 

53. Interpersonal diffusion is mostly homophilous ( on such 

variable as social status,, educationt mass media exposure,, 

cosmopoliteness,, change agent contact and'innovativeness) 

ý4- When interpersonal diffusion is heterophilous, followers 

seek opinion leaders of higher social status. 

55. When interpersonal diffusion is heterophilous, followers 

seek opinion leaders with more education* 
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56. When interpersonal diffusion is heterophilous, followers 

seek opinion leaders with greater mass, media exposure. 

57. When interpersonal diffusion is heterophilousq followers 

seek opinion leaders who are more cosmopolite. 

58. Whenýinterpersonal diffusion is heterophilous, followers 

seek opinionleaders with greater change agent contact. 

59. When interpersonal diffusion is heterophilous, followers 

seek opinion leaders who are more innovative. 

60. Interpersonal diffusion is characterised by a greater degree 

of, homophily in traditional than in Modern systems. 

61. In traditional systems followers interact with opinion'. 

leaders less ( or no more) technica lly competent than 

themselves, whereas in modern systems opinion leaders are 

sought who are more technically competent than their followers. 

62. Opinion leaders have greater exposure to mass media than 

their- followers. 

63. Opinion leaders are more cosmopolite than their followers. 

64. Opinion leaders have greater chadge agent contact from 

their followers. 

65. Opinion leaders have greater social participation than their 

followers. 

66, Opinion-leaders have higher social status than their followers 

67* Opinion leaders ar e more innovative than their followers. 

68. When the system's norms favour change, opinion leaders are 

more innovative; but when the norms are, traditional, opinion 

leaderi are'not especially innovative. 

69. When the norms of a system are more modernp opinion leader- 

ship is more monomorphic, ý 

70. Change agent success is positively related to the extent of 

change agent effort. 



(vi) 

71. Change agent success is positively related to his client 

orientation rather than change agency orientation, 

72p Change agent success is positively related to the degree to 

which his programme is compatible with clients' needs. 

73- Change agent success is positively related to his empathy 

with clients. 

74. Change agent contact is positively related to higher social 

status among clients, 

75. Change agent contact is positively related to greater, 

social participation among clients. 

76. Change agent contact is positively related to higher education 

and literacy among clients. 

77. Change agent contact is positively related to cosmopoliteness. 

78. Change agent success is positively related to his homophily 

with clients. 

79. Change agent success is positively related to the extent 

that he works through opinion leaders. 

80, Change agent success is positively related to his efforts 

in increasing his clients' ability to evaluate innovations. 

81. Mass-media channels are relatively more important at the 

knowledge function and interpersonal channels are relatively 

more important at the persuasion, function in the innovation- 

decision proceýs. 

82o Cosmopolite channels are relatively more important at the 

knowledge function and'localite channels are relatively 

more important at the persuasion function in the innovation- 

decision process.. 

83. Mass media channels are relatively more important than 

interpersonal channels for earlier adopters than for 

later adopters* 
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84. Cosmopolite channels'a're relatively more important týan 

localite channels for earlier, adopters than for later adopters. 

85. The effects of mass media channels, especially among peasants 

in lelbs developed countries, are greater when these media 

are coupled with interpersonal channels in media forums. 

86* Stimulators of collective innovation-decisions are more 

cosmopolite than other members of the social system. 

87. Initiators of collective innovation-decisions in a social 

system are unlikely to be the same individuals as the legitimiserse 

88., Rate of adoption of a collective innovation is positively 

related to the degree to which the social systems legitimisers 

4re involved in the decision-making process. 

89. Legitimisers of collective innovation-decisions possess higher 

social status than other members of the social systems, 

90# The rate of adoption of collective innovations is positively 

related to the degree of power concentration in a system. 

91. Satisfaction with a collective innovation-decision is 

positively related to the degree of participation of members 

of the social system in the decision, 

92. Member acceptance of collective innovation-decisions is 

positively related to the degree of participation in the 

decision by members of the social system* 

93. Member acceptance of collective innovation-decisions is 

positively related to member cohesion with the social system. 

94. A supportive relationship between the adoption unit (a 

subordinate) and the decision unit (a superior) leads to 

more upward comminication about the i4tpovation. 
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95. An inclividual's acceptance of an authority innovation- 

decision is positively related to hisýparticipation in 

innovation decision-making. 

96. An individual's satisfaction with an authority innovation- 

decision is positively related to his participation in 

innovation decision-making. 

97. When an individual's attitudes are dissonant with the overt 

behaviour demanded by the organisqtion, the individual will 

attempt to reduce the dissonance by changing either his 

attitudes or his behaviour. 

98, The rate of adoption of authority innovation-decisions is 

faster by the authoratitative approach than by the 

participative approach, 

99* Changes brought about by the authoritative approach are 

more likely to be discontinued than those brought about by 

the participative approach. 

100. Change agents can more easily anticipate the form and function 

of an innovation for their clients than its meaning* 

101. The power elite in a social system screen out potentially 

restructuring innovations while allowing the introduction 

of innovations which mainly affect the functioning of the 

system* 
102. The power elite in a social system especially encourage the 

introduction of innovations whose consequences not only 

raise average levels of 'good' but also lead to a less 

equal distribution of good. 
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SURVEY I KILN BUILDEM/PESIGIqRS APPENDIX 2 

Catterson-Smith Ltd. 

William B6ulton, Group / Shelley Furnaces Ltd* 

Gibbons Bros. (C. P. B. Division) 

Kilns & Furnaces Ltd. 

Wengers Ltd. 

James Birks ( Kiln Builder) Ltd. 

Interkiln Corporation of America 

Vincenti Officine e Ponderie 

Ludwig Riedhammer (TO Ltd. 

D. Shelley Ltd. 

BRICESCO Ltd, 

Industrial Furnaces Ltd* 

Unifurnaces Ltd. 

Technoceramica Ltd. 

Morando Impianti SpA 

J. W. Ratcliffe & Sons Ltd. 

Bushe Kilns Ltd. 

Webcot Kilns & Furnaces Ltd. 

Ramsell Naber Ltd. 

Harrison Mayer Ltd. 

Cromartie Kilns 

Fuel Furnaces Ltd* 

Fulham Pottery Ltd, 

Hans Lingl (UK) Ltd. 



North Staffordshire Polytechnic Departs'ne-rit of Busine-as 
Director J. F. Dickenson BSc(Eng), Phl), Cling, FIMechE and Legal Gstudies W 

Head of Department 

A. D. Ramsay ECorn. DipCom. MCIM 
North Staffordshire Polýrtechnic 
College Road. Stoke-on-Trent ST4 2DE 
Telephone 0782 45531 

Our ref Your ref 

B/MAC/LW 

Dear Sir, 

As a member of staff at the North Staffordshire Polytechnic at 
. present undertaking research for a part time degree (at the 
University of Salford), I am anxious to gain your help in carrying 
out some research Into the pottery-kiln Industry's attitudes and 
performance in product development. All information used would 
be treated with the greatest confidence and full anonymity, where 
requqsted, would be preserved. This research is solely for 
educational purposes and is in no way sponsored by any industrial 
or commercial body. 

I enclose three letters from notable referees who are prepared 
to endorse the nature of my research, 

I look forward to your assistance., 

Yýurs faithfully, 

M. A. CLEMENIS 
Senior Lecturer In Marketing. 
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NORTH STAFFORDSHIRE POLYrECHNIC 

DEPARTMENT OF BUSINESS AND LEGAL S7MIES 

POTrERY KILN MANUFACTURERS SUR'ýEY I 

NOTES AND INSTRUC710LIZ 

(xi) 

This Questionnaire is being sent to a limited, but representative cross- 
section of firms involved in the manufacture of kilns for the Pbttery hidustry - 
your answers are essential to provide a meaningful resuit, 

2. In view of the differences In size between firms, certain questions are 
obviously less appropriate for the smaller firm. However, there are 
no "rigbt answers' and you should indicate (J) the alternative which 
most accurately reflects the situation in your firm. 

The nature of the Information sought does require a reply from a senior 
executive who has an overall perspective of the firm's activities. 

All information will be treated with the greatest confidence and full 
anonyminity preserved. No Information appertaining directly to your firm win 
be published without your prior permission. 

Please return the completed questionnaire as soon as possible in the enclosed 
stamped addressed envelope, or direct to: 

Michael A. Clements, 
Department of Business and Legal Studies, 
North Staffordshire Polytechnic, 
College Road, 
Stoke-on-Trent. 
ST4 2DE 
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POTrERY KILN MANUFACTURERS SURVEY I 

NAME OF FIRM 

STATUS OF RESPqDMEN 
% 

SIZE OF FIRM 

Number of Employees 

Would you say that your ANNUAL TURNOVER to 
Less than the Industry's Average 

About Average 

Above the Ifidustryts Average 

BLMGET FOR RESEARCH AND DEVELOPMENT 

(as a percentage of Annual Turnover) 

Less than 1% 

Between 1% - 5(70 

More than 597o 

NUMBER OF PERSONNEL INVOLVED IN FULL-TIME 

RESEARCH AND DEVELOPMENT 

0 persons 
15 persons 
6 10 persons 
More than 10 persons 
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PLEASE INDICATE THE SECTORS OF THE POITERY IMUSTRY 

THAT YOU HAVE SUPPLIED WITH KILNS: 

Domestic /Hotelware 

Industrial Ceramics 

Tiles 

Others 

QUESTION I 

Given that there are continual modifications to ezisting Kiln technology, 
do you consider that there has been technological'Watersheds"in 
(pottery) kiln manufacture? 

YES 

NO 

Dont i5aaw 

If YES then: 

QUESTION 2 

Could you please Identify what you feel have been the major technological 
Pbreak throughs' in kiln technology since 1900. 
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QUESTION 3 

Are there firms within the U. K. market that are costsixtently among the firist 
to ITLeloj and produce major technological improvements to p3ttery kilns? 

YES 

, NO 

Dont Know 

U YES,, please name firm(s) 

QUESTION 4 

Are there eny d isttckguishing characteristics of these firms which You 
feel accounts for them being first? 

YES Voll 
NO 

Dont Knovi 

If YES, please look at the following list and indicate accordingly: 

Size of Assets , 
Size of Research Budget 

No. of Employees 

Sales Volume 

No. of scientific persomel employe 
Efficient management structure 
Company profitability 
Skilled labour force 

. 

Extremely 
rtant 

ry 
Important 

Not so 
Important 

Not Important 
At all 

Others (please spedify) 



QUESTION 5 

Are there firms that consistently influence other competing 
firms in the development and production of new kiln technology? 

YES %I---- 
NO 

Dont Know 

QUES71ON 6 

Are these the same firms that are first to de'velop and produce 
major technological improvements? (of QUESTION 3) 

YES 

NO 

Dont Know 

If NO, please name firm (s) 11 
QUESTION 7 

Are there any distinguishing characteristics of these firms that you 
feel might account for this ! nfluence? 

YES 

NO 

Dont Know 

If YES, do these characteristics 

correspond with those in Question 4 

YES. 

NO 

Dont Know 

If then NO, please Indicate these characteristics 
I 

(XV) 

I 



QUESrION 8 (Xvi) 

Is this influence the result of one firm knowirka, 'through the 
grapevine' that a competitor is developing a new kiln? 

YES 

NO 

Dont Know 

If NO, pleqse comment on the nature of 
the Influence 

THE FOLLOWING QUESTIONS REIATE TO YOUR OWN FIRM POLICY - TOWARDS NEW PRCDUCT DEVELOPMENT - 

QUESTION 9 

Do you feel your Firm'S' attitudes towards new product development 
are .****.. (Please indicate / accordingly) 

tWe believe there is a need to be at the 
forefront of pottery kiln developmene 

"Proven methods are best' 

"Why change for change sakel 
"Mere Is prestige to be gained from 
being first' 

Miere are profits to be gained from being 

firse 
'New products are associated with 
development, production and selling. 
problems* 
We believe in letting other firms find 
the problems, and then we improve upon 
their Initial Ideas" 

'We always seem to need new men and 
expertise to get It right' 
I Its too costly to persuade customers to 
adopt new Ideas' 

'We listen to what the customer w. -ints and. 
then Ye mdke le 

111-bw 'product development Is too risky' 

Strongly 
Agree 

Neither 
Agree Agree 

or 
i Disaereel 

Disagree 
Strongly 
Disagree 



'QUESMON 10 

Who are the main personnel involved in the development of new kilns witbin 
yow Firm? 

(Flease indicate only rank of personnel, committee etc. ) 

QUESTION 11 1 

Do those who are the most Important in maing these decisions (on kiln 
development) turn to others within the Firm for further opWons. 

YES 

NO 

Dont know 

If YES, do you know to whom? 

_qHESTION 
12 

"it is necessary for the Firm's executives and middle management to have 
formal business training" 
Do you - 

Neither Agree Strongly 
Strongly Agree Agree uor Disagree Disagree Disagree 

gUESTION 13 

Do you consider that systematic forecasting techniques can be used to aid 
the decision to add a new Idea to the production line(s)? 

YES 

NO 

Dont Know 

I 



QUESTION 14 

Have you found certain V ypes of customer within the pottery industry more 
receptive to new products than others? 

YES 

NO 

Dont Know 

If YES, please indicate industrial 
sector 

Domestic/hotelware 

Industrial Ceramics 

Tiles 

Others, (please specify) 

QUESrION 15 
.1 

"primarily new product development should be the result of in-firm research 
and development" 

Do you - 

Strongly Agree Agree 
Neither Agree Strongly 
nor Disagree Disagree Disagree 

Elli _I 
"I I_I 

QUESTION 16 

Have any modifications ever been introduced after the prototype stage as a 
result of user-experience? 

YES 

NO 

Dont Know 

QUESTION 17 

Is new product development part of a general marketing policy? 

YjTS 

NO 

Dont Know 

(Xviii) 



QUESTION 18 

Is sales effort a major factor in the success or failure of a new product? 

YES 

NO 

Dont Know 

QUESTION 19 
v 

Flease Indicate any of the following sources of INFORMATION which you 
see as important in the development of new kiln technology 

Own R&D experience 
Informal contact between firms 

Formallsed contact between firms 

Industry/Professional publications 
The Research Association 

Educational/Research Institutions 

Liaison with former customers 

I Others (please specify) 

QUESTION 20 

(xix) 

most 
Important 

, Not so 
Important Important 

No 
Importance 
At all 

Often new technology can have far-reaching repercussions in an industry. 
Do you feel this Is true of the Industry you are in? 
N 

YES 

NO 

Dont Know 

It YES, could you please ibxplain your-reason 
for your answer 

U 
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--APPMIX A 

*BRITISH CERAMIC 
(xxi) 

MANUFACTURERS' FEDERATION 
FEDERATION HOUSE, STATION ROAD 
STOKE-ON-TRENT, ST4 2SA 

Hs \TELEPHONE: STOKE-ON-TRENT 0782 48631 

I 

. 3.9 ELEGRAMS: "FEDERATE. STOKE-ON-TRENr 

6FE81974: I 
TO MOM IT ITAY CONCERN 

0H ýA 

MJCMEL A. CY'NEMS 

Mr. Clements has aiscussed with me his intention of preparing 
a thesis for his Ph, D on "Kiln Manufacturers in the Pottery Industry". 

I am satisfied at his approach to ',. his work is a very serious 
and sincere one and could probably fill what might be found to be a gap 
in the socio-industrial history of the Industry and thereby be a valuable 
contribution. 

I would hope that he could be accorded such facilities as he might 
reasonably hope to receive from those manufacturers he approaches. 

4,, 

ýj 
\ 

ý, 

Direotor 

5 February 1976 

DIRECTOR: SAM H. JERRETT, O. B. F_ T. D. D. L. C. I. CERAM. SECRETARY: DERICK TURNER. M. B. L 

T. -ok 

14 , 
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University of Salford 

Salford M5 4WT 

Department of Business' RSM/PDMcE 

and Administration 
15 January 1976 

Professor of Management Studies 

H McKinlay To whom it may concern 
lChairman of Department ) 

Mr MA Clements, Senior Lecturer in Marketing at the 
North Staffordshire Polytechnic, is currently registered 

Telephone 061-736 6843 as a part-time PhD candidate with the University of Telex 668680 (Univ Salford) Salford. It is hoped that the research programme will 
be centred on an investigation on product innovation in 
the pottery kiln industry and as research supervisor, I 
strongly support Mr Clements' request for manufacturer 
cooperation in making the relevant information available 
to him over the coming months. All such information will 
be treated as entirely confidential where necessary and 
I have no reservations as to Mr Clements' responsibility 
and trust worthiness. 

"'-e signed .. -. .ý'. 
RS -Na- s on 
Senior Lecturer in Marketing 
Supervisor of Postgraduate Management Courses. 
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APPENDIX 5 SURVEY II KILN CUSTOMS, SUPPLIERS OF 

TECHNOLOGY & INFORMED SOURCE3 

COOPERATED 

0. Riley (North Staffs Polytechnic) 

Auto Combustions Hoistrack 

B. C. R. A. 

J. Hewitt's 

0, Wolliscroft 

Industrial P7rometer 

Eurotherm 

A. G. Hayek 

Donald Shelley Ltd, 

Coleford Brick & Tile 

Twyfords 

Smiths Industrial (Ceramics Division) 

Spcýde 

Doulton Industrial 

Portmeirion Potteries 

Taylor and Kent 

Josiah Wedgwood Group 

Carborundum, 

Enoch Wedgwood's 

Worcester Royal Porcelain 

Alfa Aggregates 

NU-Way Eclipse 

H&R JOhnson-Richards 

Doulton Sanitary 



DID NOT COOPERATE: 

British Ceramic Pottery Manufacturers Assoc, 

Diamond Refractories 

Norton Industrial Products 

Morgan Refractories 

Callender Brick & Fireclay 

Stealite & Porcelain Products 

Bullers 

Taylor & Tiinni cliff 

ýtaffordshire Potteries 

Henshall,, Bamford & Ptnrs 

Price-Pearson 

Govencraft Potteries 

FOUIND NOT APPLICABLE 

Clark Ceramic Consultants 

Stein Refractories 

H. Re Holfield 

Acme Marl 

Accrington. Brick & Tile 

Anderman & Ryder 

Hoben-Davis 

BeggpCousland 

Consultant Gas Engineers 

Advanced Materials Engineering 

Whitehouse Brick & Tile 
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NORTH wTAFFCRj, ', H'RB FCLYTECHN7C 

DEPARTM17NT OF BUSIM., Cý AN-' LEGAL STUDIE. 

PC=..::. RY K'JN -N'L-UETAr-% Y 
SURVU -Y il 

NOTS, "AND : N. ", fRUCr--, CN-". 

1. This Questionnaire is being sent to a limited, but representative cross- 
section of personnel whom it is felt will be familiar with the U. K. 11.1ottery 
Kiln ndustry: your an. -vers are essential to provide a meaningful result 
to the survey. 

2. There are no 'right answers'. You should indicate the alternativewhich 
most accurately reflects your point of view. 

3. The nature of the information sought does require a reply from a senior 
executive/ informed person who has an overall perspective-of the sjtUatIoQ. 

4. All information will be treated with the greatest confidence and full 
anonymity preserved. No information appertaining directly to yourself 
or your firm (where applicable) will be published without your prior 
permission. 

Please return the completed Questionnaire as soon as possible in the 
enclosed S. A. E. or direct to - 

M. A. Clements, 
! -., epartment of Wsiness and Legal . "tudies, 

North &"taffordshire Polytechnic, 
Colle, o,, e Road, 

ETCKE-CN-TRENT &T4 27--E. 
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POTTERY K. LN NDUSTRY SURVE YU 

Name of Firm (if applicable) 

Name and &S'tatus of Respondant 

-ý 
IV 15 IF 6 -,. / IIL - i4^j /c, it- C" 4-r,, 4eý, ,e- 

Question I 

Given that there are conthiual modifications to existing kiln technolojy do you consider 
that there has been technological %vatersheds'in (pottery) kilns? 

Yes 

No 

Dont know 
.1 

22estion 2 

7f you answered Yes to Question 1, could you please briefly identify what you feel 
have been the major technological 'breakthroughs' in kiln technolog'y since 1900? 

v- 
. ý,, A4tý A IZ -1-0 6 (701- /'J ý jtý-j"7-7 A,, ý 

, t-j -1 Ito -. 16 "1 t (- L- liý a,, - L'i 4v 
I 0ý, J -FICA TlkýM -1 -1 A- "1 0 r- 5' 1 ̂ j $-'b kfý-, Aýjr 

Question 3 

Are there firms within the U. K. market that are consistently among the first to 
develop and produce major technological improvements in pottery kilns? 

Yes 
No 
Dont know 
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Question 4 

Could you please look at the following list of pottery kiln manufacturers and a 
indicate three firms whom you feel are the, leaders of their industry. 
Please rank 1,2 and 3. 

Brisesco 
R. M.. Catterson-. 'Pmith 
Cromartie Kilns 
"iag/Kera 
('Me) Drayton Kiln Co. 
Gibbons Bros (CFB) Mvision 

-ed Industrial Furnaces Limit. 
Interkiln Corp of America 

James Birks, Kiln Builder 
Kilns & Furnaces Limited 
Ludwig Riedhammer -- 
Ramsell Naber Limited 
Shelley Furnaces/Firegas Kilns 
Vincenti Fonderie (italia) 
V-. 7engers Limited 
Others (please specify and rank) 

'i-r' 

Question S. ' 

Does this markpt leadership stem from- 

Sales Volume 
Technical achievements 
Both 

Question 6 
J. '. o you feel that the sources of pressure upon the kiln producer to develop and produce 
new ideas originate from: 

(Please rank) Own R. & D. 
Competitive pressures 
Customer '%nfluence 
c'upplier influence 
Other sources (please specify and rank) 

Tiont know 
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Question 7 

IMRCES CF WFCRI-41MON and indicate how Please look at the following . 
important you feel they are in the communicating of new 011n technology. 

v 

Formal contact with kiln 
manufacturer 

Informal contact with kiln 
manufacturer 

Tbrough the Industry 'Grapevine 

industry/ Professional 
publications 

The Research Association 

EducationalAleýg'hxW- 
'nstitutions 

Interceramex 

Any others (please specify) 

most Not so No fmportance 
important Important important at all 

V/ 

V/ 

guestion 8 

One study of the pottery kiln industry indicated that it took nearly 40 years for 
the widespread acceptance of the "tunnel kiln". Can you suggest why you feel it 
takes this length of time for new ideas to become accepted in this industry7 

L" A-4 P -AV -T-a-Y,. 5,4 ý) 

Ab" ej -n L'i 
-1-w-E -7D 5, j 4 it-i ýk,, C . 14) 

tsJ �j fl41V e A. t:. p -r. 
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Question 9 

By now you will have appreciated' that the generalised nature of this 
Questionnaire does not allow for a discussion on any finer points of detail. 
Would you be willing to allow me to come and visit you, at your convenience, 
to discuss the information outlined in your answers? 

Yes 

No 

Dont know 

CLC, ':! --, ', OF QUESTIONNAIRE. 

May I take this opportunity to thank you for your co-operation in 
my Doctoral Research. 

Michael A. Clements 

February 1977. 
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APPENDIX 7, --THE DEVELOPMENT & UUNCH OF 'SAFFIL' 

CERA14IC FIBRES BY I. C. I. (ITOND DWISION) (1) 

"Lightweight thermal insulating materials based on refractory 

fibres havet for a number of years, given good service in furnace 

insulation and similar applications. The range of applications 

is now extending considerably,, thanks to the introduction of high- 

performance alumina fibre insulants" (2). This innovation- 

high performance alumina fibre-is called "SAFFIL". ISAFFILI 

is a trade name for a new ICI (Mond Division) inorganic fibre 

composed of alumina, whichjs capable of withstanding continuous 

hot-face temperatures up to 1600 a compared with around 1200 c 

for other alumino-silicate fibres. Its properties absorb less 

heatt thereby saýing fuel, and give shorter warm up and cool 

down timest thereby allowing greater through put from a kiln so 

lined, 

The Initial Development 

The reader is likely to be familiar with organic fibres, either 

natural like cotton and wool,, or synthetic like nylon or terylene. 

He is less likely to be familiar with the growing family of 

inorganic fibres, such as asbestos, synthetic glass and mineral 

fibres. During the Sixties general research attention focussed 

on new high performance inorganic fibres such as boron nitridet 

silicon carbide and carbon fibre. Partly this attention is 

attributed to the chemicals industry seeking advances in these 

materials, but also it was apparent that development in user- 
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technology had created gaps for new products in the market. 

Poster suggests four factors which led ICI to commence research 

into inorganic fibres in the late 1960's (3): - 

(1) The Mond Division had a set of fairly old stable products, 

which brought pressure from the Main Board to actively seek 

new'ventures, 

(2) There was already research and development being carried 

on elsewhere on carbon fibres (viz Rolls Royce and associates) 

and on other inorganic fibres, mainly for material reinforcement,, 

but all were still sophisticated and costly to produce. 

(3) Governmental and eaviroz=ental pressures were building 

up on the dangers of asbestos as to its production and appl- 

ications in industry* 

(4) Mond Division possessed considerable expertise in 

allied fieldsq for example, in crystallisation, as a result 

of producing millions of tonnes per year of basic inorganic 

products such as salt. and sodium carbonate. 

One such fibre, forms of alumino-silicate made by melt-spinnin 

high purity clays (eg kaolin) already occupied a place in this 

gap and was showing sýbstantial growth in the refractories field, 

replacing ; ireclay brick in kiln linings in a number of industries 

Wo These fibres had developed to maximum sustained operational 

temperatures of around 1200 c. ICI envisaged developirg a fibre 

to withstand hot-face temperatures up to 1600 a. 
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The R&D Phase 1969-1972 

At the outsett research was necessary to examine the various 

methods of producing fibrest selecting suitable raw materials 

and circuz; renting published patents in this area. Within a year 

R&D had developed "SAFFIL" fibres (5); these are created by 

spinning'from solutions of metal compounds instead of by melt- 

spinnin . The product of the spinnin process are fibres 95% alumina 

in content" uniform fine diameter (between 2 and 4 microns), with 

a stable length of a few centimetres. Unlike competitive fibrest 

this product is free from lumps of non-fibrous impurities (called 

'shot') and has a non-irritant silky handle. Looking like cotton 

wool,, it was found to withstand very high hot-face temperatures 

as envisageds, to be chemically resistant to all normal kiln 

atmosiheres, and to have a much greater resilience ( Ispringback') 

over its whole temperature range than any other inorganic refractory 

fibre* 'Early R&D production quantities were limited to around 

0.5 tonnes per year from a laboratory rig, Development progress 

was hampered by lack of sufficient fibres,, insufficient knowledge 

about the chemical properties and a 'cloak-of secrecy', since for 

much of the process it was either not possible or desirable at 

this stage to ýatent it. At this time (1970) around 50 different 

applications were under investigation, but development research 

indicated three possible large tonnage prospects: - 

(1) As a catalyst substratet particularly for emission 

control on USA cars. 

(2) For thermal insulation 
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-(3) As a harmless replacement for asbestos. 

Although still a secret process, by 1971 the project was considered 

advanced shough to justify testing market reaction to the new 

product. The pressure to consider end-user interests so early 

in the development process was that ICI's then normal policy 

of delaying any form of formal market research had in the past 

led to numerous product,, user problems following introduction. 

The basis of this research was. that members of the venture team 

visited selected possible end-tsers, secrecy agreements were 

entered into, and the product was tested at the end-user's 

premises. Favourable results from this research led to the 

investment in a pilot plant (K-Rig) in 1971, costing approximately 

Z200000. This pre-production rig could produce between 5 and 10 

tonnes of fibre per year* 

Pre-Commercialisation 1972-1974 

Initial enquires and interest acted as conviction for the ICI 
, 

Main Board who sanctioned, in 1972, Z2m for the construction of 

a commercial production plant ( Pioneer Rig) at Widnes. Production 

capacity was to begin in two stages: - 

(1) Initally it would produce between 100 and 150 tonnes 

per year (enough7fibre for 200-300 kilns) - this first stage 

was completed in 1974. 

(2) As market demand grew so fibre production would be 

increased to around 300 tOnnes per year - expected complution 

of this stage is mid - 1979- 
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Pioneer was given three objectives: - 

(1) Produce the, fibre for sale at commercial prices. ' 

(2) Produce the product for applications development. 

Develop the process to define product quality and cost. 
I 

As Poster explains We took the view that in order to obtain 

accurate information on long term market demandp it was necessary 

to price at a level that would give a satisfactory return from 

a fully commercial plant, Of necessity, this meant that we were 

by no means covering our costs in the early years,, but it did get 

the market moving, and gave us firm guidelines as to the real size 

of that market" (6). 

Early development had established a number of facts: - 

(1) The fibres were technically much more difficult to 

produce on a large scale than had been envisaged, This 

meant more sophisticated raw materials and production expertise 

were needed, so escalating costs. 

(2) Initially a range of fibres had been envisaged using 

two elements - alumina and zirconia; development indicated 

that only the alumina fibre possessed the best combination 

of cost and chemical properties. 

(3) Similarlyt applications became abandonned or refined; 

ISA M LI fibres were directed to one major application 

area - high temperature insulation. 
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(4) As Project SAFFIL developed, so the present organisational 

structure became unsuitable. From 1969 to 1972 the R&D 

team had grown from a few senior chemists to around 60 personnel, 

with additional support from Mond Division's Engineering 

ý, Department; in 1974 a commercially-orientated =nager was introduced 

into the team, although the project was still the responsibility 

of R& D'Management. His function was to examine all commercial 

implications for ISAFFILI in the market place. Alsop 

organisational links were begun with the senior management Of 

one of the Division's Product Groups, with a view to the 

control of the product, as is normal policy at ICI,, passing 

from the Research Department to a Product Group as the project 

attained 'commercial importance'. 

Poster recalls early market development policy being governed 

by three factors (7)9- 

0) Given the high level of resources committed to the 

project,, 'the product was to be launched in all the major 

' industrial'nations of the world. 

(2) ICI, Mond Division had no salesforce with experience 

in the refractory-industryt and in two of the major industrial 

countries (USA'and Japan) virtually no salesforce at all, 

The fibre ha: d to be transformed into 'useful forms for 

end-users'; it was recognised that a high level of expertise 

would be necessary to design and, install the fibres into kilms, 

I 
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Launch into the Pottery Industrr 1274 

-WedRwoods the Innovator 

The first full-scale kiln to use ISAFFILI fibres as the hot-face 

linings was brought into commission in November 1974; this was 

a kiln for firing biscuit at Josiah Wedgwood's Coalport factor7 

and built by Shelley Furnaces. 

As has been illustrated earlier in this section, interest in 

'ceramic refractory fibres' was already present in the pottery 

industry; reluctance by the user to adopt was that the existing 

fibres were not proven satisfactory in the biscuit-firing range 

(around 1250 c) and also the method of fixing the fibres to 

the kiln was fraught with production, problems at these temperatures; 

for the builders and installerg with little actual demand by 

the end-user, the more traditional refractory fibres were being 

used. Against this backeloth, Wedgwoods,, knowledgable of 

ISAFFILI9 approached Shelley Furnaces to quote for a new kiln 

using this product (8). Construction of this first kiln became 

a tripartite agreement, ICI, in order to promote interest in 

the innovation, agreed to a number of Iquaranteest (still a 

commercial secret) to both Wedgwoods and Shelley Furnaces; 

primarily these were to provide technical backup etc if results 

proved less than anticipated. It was decided that the product 

was not to be *given away' because: - 

(1) A successful conclusion to this contract would be used 

to convince the ICI Main Board of the product's potential 

and 
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(2) It was hoped to avoid claims from other fibre suppliers 

of $unfair competition', j suppliers who later might be needed 

to market ISAFFILI. 

This kiln was 'blanket lined' and provided the builder and 

materials supplier with an excellent opportunity to get a 

Ibeforellani 'after' compansion because it was constructed 

alongside a kiln of the same size, insulated by firebrick. 

The data obtained suggested energy savings as much as 35F/5' 

could be achievedt depending on 

(i) Length of firing cycle, which depended upon 

(ii)What was being firea in the kiln 

By 1977 a number of pre-set landmarks had been achieved by ICI: - 

(1) Cumulative sales had exceeded ZIm. 

(2) Product ancl applications were clearly defined* 

Commercial viability and market interest had speeded 

up the need to transfer product responsibility from the 

R&D budget to a Product Group. 

The Main Board sanctioned a further ZU to begin the second stage 

production of the Pioneer Rig; responsibility for ISAFFILI was 

transferred to the General dhemicals Group. Formal recognition of 

the innovation came in 1978 with the Queeens Award for Technological 

Innovation. 
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ISAFFILI YARKETING POLICY 

The first commissioned kiln, týat at Coalport, was the direct 

result ofcooperation between. ICI, an innovatory'kiln builder 

and an inno, 7atory end-user. Soon after this kiln was brought 

into production, ICI entered into an agreement with Babcock and 

Wilcox-(and associates) in 1975 - who became sole'distributors 

for*'SLFFILI fibres. Babcock and Wilcox (ie Morganite inýthe UK) 

are the largest manufacturer of lower grade insullating fibres 

(ie alumino-silicate fibres such*as Triton 'Kaowooll) in the 

world; they saw ISArFILI as an essential addition to their 

range, both for direct re-sale and also to be used to blend 

their existing fibre range. Essentially the agreement (in the UK) 

isIhat end-users, kiln builders and other fibre-customers cannot 

buy ISAPFILI direct form ICI at a price less than that price 

they woulý have to pay Morganite. Today, although ICI does 

deal with other fibre companies (eg Dettrick, Sauder Industries), 

it has become a 'raw material supplier' moving away by choice 

from the end-user market place "... These agreements have worked 

extremely well and haVe enabled ICI to move back to the position 

it desired, namely a raw material supplier to the industry 

without going too far down-stream into areas where it had no 

special expertise to offer" (9), This has become traditional 

ICI marketing policy regarding launching new technological products 

(eg terylene); the market is developed in conjuction with end-users, 

intermediary support is stimulated and convinced and ICI withdraws 

back to a supplier situation* 



(XL) 

ICI undertook to communicate ISAFFILI to the market place using 

a widely publicised Press Conference (Yarch 1974) (10); interest 

was stimulated throughout the technical press. Sales interature 

became available for distribution through intermediaries(eg 

Morganite), but gradually ICI direct-interest has reduced. 

Nowadays, orders received direct from customers are analysed and 

referred to the most suitable fibre supplier/associate. A regionalised 

technical salesforce is maintained, offering technical advice to 

builder and end-user alike, this includes a computer programme 

which can calculate expected fuel consumptions,, compare performance 

of fibre linings vis a vis refractory brick 11... this is something 

that to my knowledge no one else cah offer" (11). Some advertising, 

is used in selected technical journals and the Coalport kiln has 

been featured in ICI's corporate image campaign - 'Ideas in Action'. 

Dr. Langman explains the policy of $continued presence' in the 

market place as the need to maintain ICI's name,, which is believed 

to have a good image,, in the market place which in turn, helps 

it's associates to sell more ISAFFILI. 

AND THE FUTURE..... 

ICI (Mond Division) with the second stage of Pioneer Rig due in 

operation early 1979, is now working on the second generation 

of 'SAFFILI fibres; the aim is not directed towards increasing 

the chemical properties of insulation beyond the 1600 c, but 

rather to produce the same level of performance at a lower price, 

This it is felt will remove the remaining economic barrier to 

adoption, 
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NOTES 

The writer acknowledges the considerable contribution to 
this section provided by Dr. Langman ( ICI Mond Division). 
The information was collected over five unstructured 
question-answer sessions at ICI Headquarters, Runcorn. 

(2) Langman: "Furnace Builders: Users warm to Alumina Fibres" 
Chartered Mechanical Engineer. Sept 1977 p 92* 

(3) Poster: "The Management of Innovation-The Development of 
IS&FFILI as ; Case Studzy" 
Unpublished paper: ICI Mond Div. Marketing Dept, Nov, 1977 p2 

For example,, Carborundum, Co. Ia. ' Fiberfrax I had been available 
since early 1953. 

The research was undertaken by a venture team led by an 
established/acknowledged 'product champion' - Derek Birchall 
- whose speciality was the area of crystal formation and the 
properties of solids. An earlier success from a team under 
his leadership was 'Monez' -a dry-powder fire-fighting agent. 

Foster: Op cit p. 2 

Foster: Op Cit P. 4 

(8) -Symes reports that Wodgwoods own research team had made 
a detailed study of using ceramic fibres - Symes: 
"Ener--v Savings in Intermittent Processes" 

POster: Op cit P*4 

(10) Tarling: " Getting- new technical ideas onto the market 
has its problems" 
Advertising & Marketing Winter 1975 P56. 

SYmes: OP Cit P. 4 
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