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summaxry

Technological innovation has been widely studied: however surprisingly
little 1s known about the experience of managing the process. Most
reports tend to be generalistic and/or prescriptive whereas it 1is
argued that multiple sources of variation in the process limit the
value of these.

A description of the innovation process i1s given together with a
presentation of what 1s known from existing studies. Ga 1 1
in this area suggest that a variety of organisational in
important and an attempt is made to identify some of the
group and organisational level. A simple system model o
management process is developed.

Further investigation of the influence of these factors was made possible
through an extended on-site case study. Methodology for this based upon
participant observation coupled with a wide and flexible range of
techniques 1s described.

Evidence 1s presented about many aspects of the innovation process from
a number of different levels and perspectives: the attempt is 1o
demonstrate the extent to which variation due to contingent influences
takes place.

It 1s argued that problems identified all relate to the issue of
integration. This theme is also developed from an analytical viewpolnt
and 1t 1s suggested that organisational response to increases 1n
complexity in the external environment will be to match them with
internal complexity. Differentiation of this kind will require extensive
and flexible integration, especially in those inherently uncertain areas
associated with innovation.

Whilst traditionally a function of management, 1t 1s argued that
integration needs have increased to the point where a new specialism
is required. The concept of integration specialist 1s developed from
this analysis and attempts at simple integrative change during the
research are described.

Finally a strategy for integration - or rather for building in
integrative capability - in the organisation studied 1s described.
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CHAPTER 1 - Introduction

' " slow sort of country!" said the Queen. 'low here, you see,

it takes all the running you can do to keep in the same place.
If you want to get somewhere else, you must run at least twice as
fast as that!" '.

('Through the Looking-Glass' Lewis Carroll)

This impressive rate of change, which so surprised Alice, should

not be unfamiliar to us. Our experience of technological innovetion
is associated with rapid development of new ideas, yet this process
often seems to outrun our capacity to control it. Phrases like
1future shock' and 'doomwatch' testify in everyaay conversetion

to a belief that technology is running awey with the world. OCn

the positive side, the hoped-for improvement in the cuslity of life

expected from technological innovation is not always forthcomin

(0}e]

In a2 more specific context, industry 1s very concerned with enhancing
the development of new ideas and opportunities, yet it seems that

offorts to do so have only met with limited success.

Tt is suggested that these are all symptoms of a fundamentel proolem.
Despite the enormous amount of study devoted to various aspects of
the process, we still appear to lack sufficient understanding for

the successful management of technological innovation.



There appear to be two problems assoclated with this. In the first
place, studies of technological innovation have tended to attempt
general descriptions of phenomena leading to theories of the

process and prescriptive solutions derived from these. Closer study
reveals that contingencies vary enormously so that any general
approach may be very limited in its applicability to specific
situations. Secondly, where guidelines of some specific value are
available (as from the Project SAPPHO findings, for ezample) there

is a lack of background knowledge about how to use therm.

Arguably innovation in a changing world will require extensive new
skills, not just in the sphere of technology. An article in the
'Fipancial Times' recently made a similar point:

'Britain's chronic underinvestment in skills and techrology -

[.._l
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it in a far weaker position than its industrialised competitors to
exploit the potential for new products - and therefore new employment.
Yet competitive success in manufacturing will depena increasingly

on innovation, in specialised design and marketing skills as well

as technological strength.....' (April 28th, 1978) .

What arc the required new skills? What are the problem issues for

which they are required? What 1s the nature of the resistance to

]

their development or acquisition? Is it possible to speclly

ange

improvement via a programme of planned organisational change using

various inputs?



Questions of this kind are the motivation behind the research
reported here. The project grew out of interest in this field

by many agencies, notably the C.E.I. Committee on Creastivity and
Innovation. Some time elapsed before an organisation was found
prepared to submit to a detailed but open-ended case study of the
kind envisaged. Eventually such a firm was found and two years

of intensive research into aspects associated with 1ts technological

innovative activity were carried out.

In particular emphasis was placed upon non-technological factors since
this was felt to be a significant area which had received relatively
little detailed study. The 'behavioural dynamics' of the process,
whether related to people or systems were the central research

target in trying to gain a clearer insight into industrial

innovation.

The results presented in this thesis provide a basis for developing
some hypotheses and recommendations aimed at improving management

of the innovation process.



Organisation of the research

This thesis represents an attempt to weave theory and experience

into a workable framework — at least as far as understanding the
organisation studied is concerned. When the research opportunity
presented itself, it was decided to make use of an 'action research'
approach — i.e. to accept that the presence of a researcher would
affect the organisation and thus maximise the positive coantribution
he could make. This took the general form of catalytic change agent;
for both researcher and organisation, the study was a valuable

learning process.

For this reason the research supporting this thesis was obtained
in highly pragmatic fashion. Where opportunities presented

themselves they were used to collect what data seemed relevant at

ct
[}
1))

the time. Experience in the field and improving awareness cf
literature meant that this process became more refined as it
proceeded. Over the two years the research imprcved considerably 1in
definition as the objectives became clearer and the important issues
casier to identify. WNevertheless, this approach differs significantly
from the more 'normal' scientific method where hypotheses are

developed a priori and then subjected to designed experimental testing.

In general the strategy was to identify tgaps' in the literature anc
try and cover these areas when a research opportunity existed.
Over time this led to simple model building and hypothesis testing

in what has been called a 'grounded theory' approach.

Fxhibit 1 illustrates the structure of the thesis in a diagrammatic

fform.



EXHIBIT 1

: Organisation of the thesis
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Chapter two deals with a brief description of the innovation process
— what it is, how it has been studied, what lessons we can learn
about it. It offers a basic criticism of the literature and

the current state of research based upon the view that what we

know about innovation is too general and prescriptive to be of any
great value in managing the process in a real situstion. uot
enough 1s known about the enormous range of influences cn the
process. Emphasis, where we do know something about the process, is
on prescriptive solutions whereas it is suggested that what is
needed may well be adaptive approaches which will vary solutions

+to match contingencies.
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Chapter three attempts a very simple view of the range of
which might affect the process. Although emphasis is on technological
innovation, it is argued that the survey might represent &
step towards formulating a more general 'theory of action'. Once
again the complexity associated with possible influences and thelr
relationship to the process indicates the limitations of

prescriptive 'general' theories about the management of innovation.

Chapter four attempts to build a simple system model. The role of
the innovatlon process as an adaptive response means that 1ts
management has a high priority. This management 1s carried out by

4 'meta-system', and it 1s with the improvement of performance 1n

this arca that this research is largely concerned.



Chapter five discusses the 'how' of the research. The 'action
research' approach and the fact that at the outset it wasn't known
what factors would be relevant, or whether it would be possible

to study them meant that a highly flexible technique had to be
adopted. Participant observation — a multiple approach — seemed
to offer the right advantages. Use of this technique involved
further learning and led to the development of a whole range of
instruments and approaches designed to collect as much relevant

data as possible.

Chapter six moves the focus away from the theoretical to the
practical by describing the organisation in which the study took

place.

Chapter seven presents a wide range of intormation aboul lle
innovation process in this organisation. A number of different
viewpoints, represented by various types of data, supply a broad
overview of the major problems and a large number of specific
examples of particular issues of concern. The purpose of this
chapter is essentially to illustrate the enormous complexity
surrounding the innovation process; faced with such a variety of
influential elements, management is not often able tc use
prescriptive or general approaches. At times the process appears

to be one of pragmatic 'muddling through'.



It 1z argued

This theme is taken up strongly in chapter eight.
that

that complexity is on the increase in the world outside and

orgenisational responses will tend to be towards increasing

internal complexity. Thus there will be a growing need for
anticipating strategies, particularly at the non-programmed end
of organisational activities. Instead we see responses which are

pragmatic or based on reinforcing control systems (rules and

procedures) which may be no longer applicable.

Tn the case of the organisation studied, this reflects in the Tact

that integration (or its absence) appears to be a major factor in
innovation performance. It is argued that management mey no longer
be able to cope with what is rapidly becoming a full-time specizlist

£ield. TInstead the notion of integration specialist i
and a description of this character's role and task 1s

The research study is interpreted in this light to add

Finally a schematic 1mprovement strategy based upon integration
This uses several

activities is put forward for the organisation.

1s developed elsewhere in the thesis and builds on both

mode
(practical) and long-term (desirable) options.

short—term

wmarises the conclusions of the research.

Chapter nine s



Contributions to Knowledge

r \ - . - - - -
The claims advanced as to original contributions to knowledge are:-

- development of a suitable methodology for the study of
organisational processes from an internal viewpoint. Very few
studies of this kind in the field of innovation research neave
been reported. The approach was also conczived 88 involving
interaction with the organisation under study 1n & joint
learning process which attempted to improve performance in
innovation. It appears that change agent based research of this
kind has not been reported in the field of innovation resesrcn;
the pioneering nature of this work is thus stressed. Co-operzti

ventures with extersive management involvement at all levels

represent a new research direction.

- development of a three-level approach to a study of influences
on organisational activity. Although this was only & first
attempt and was principally concerned with the sub-activity of

technological innovation, it is argued that this might provide

a basic framework for a general 'theory of action' in

organisations.

~  development of a system model which accounts for the innovation
process as o key adaptive mechanism in organisations. Within
this model the notion of a self-regulating operational system

and o controlling meta-system is advanced. Using this approach

il 1o possible to identily where inputs can productively be mode



development of a framework for analysing problems in innovation
by use of a force-field analogy. The success of innovation
depends on the balance between driving forces (push or pull)
and resisting forces. Inputs aimed at improvement may thus be
classified into 'promoters' (enhancing the former) or

"lubricants' (reducing the latter).

presentation of detailed case study material of varlous kinds
from a participant perspective. Studies of literature suggest
that there is very little data of this type (long term intensive
case study). Examples might include 'blow-by-blow' accounts

of major projects or monitoring of a number of incremental

innovations.

development of the concept of integration specialist as 2
possible solutlon to problems of increasing complexity in large

organisations.

development of the concept of integration strategles i.e.

planned change efforts of a task-related kind implemented via an

integration specialist.

development of an actual integration improvement strategy for the
firm studied. Although this relates to one specific company,
it is argued that 1t could be extended to other, similar

organisations.

— ]O —



Conclusion

Technological change will inevitably bring with it changes of
other kinds - social, psychological, organisational etc. The
question to be answered is whether these are to be considered as
unavoidable consequences (desirable or otherwise) or as changes

to be anticipated and planned for. Selection of the latter option
suggests that suitable strategies will allow for greater control

over the process.

The argument of this thesis 1s essentially concerned with
management of the technological innovation process. Examples of the
1limitations of a pragmatic approach and evidence of the need for

a more sophisticated one are presented in both the literature anc
Lhhe casc study. From this it would appear that continued success

in technological innovation requires accompanying planned

organisational innovation.



CHAPTER 2 : Technological Innovation - Background
Outline

1. Introduction

2. Process representation and discussion of elements

3 Characteristi T i i 1

3. eristics of innovators, adcpters, innovations
L. Measurement and study of innovation

5. General studies and empirical evidence

6. Models of innovation

T. Critical review

Sumary and Implications for Research

ut

Trom a theoretical viewpoint, the present state of krnowledge sbout
technological innovation appears to be open to criticism znc some
significant gaps have been identified. Preactical guidelines Tor
management and policy-makers are also limited and Lllicre 1s a sTrong
need for clearer understanding of aspects of the process: Exhibit 36

indicates some areas of concern.

T.c research subject of this thesis describes an attempt to carry out
studies aimed at f£illing in some of this detail. Careful attention
was paid to the recommendations of the theorists, and the research

design has attempted to:=

- examine all innovations (radical and incremental) over & sustained

ki

period of time (0 years)

— to observe thoe process from an internal standpoint (as part1c1gant)

rabhor than by cexternal means.



Introduction

The process of technological change is of central importance in
society: Marx aptly labelled it the yardstick of civilisation.
"Assume a particular state of development in the productive
faculties of man and you will get a corresponding form of

commerce and consumption. Assume particular degrees of
development of production, commerce and consumption and you will
have a corresponding form of social constitution, a corresponding
organisation of the family, of orders or of classes, in a

word, a corresponding civil society".

Innovation can be defined in a variety of ways and exhibit (1)
lists some examples: from these 1t can be seen that the word
implies a span of activities rather than any single one. With
a process of such range and importance, it is inevitable that
a large number of groups have expressed interest 1in studying
technological innovation: exhibit (2) gives some examples.
Expanding the theme of innovation as a major societal process,
exhibit (3) lists some arguments for advantages and

disadvantages of technological change.



FXHIBIT 1 : Innovation Definitions

"The successful introduction into an applied situation of means or ends
that are new to that situation'.

(Mohr 1969)

"An innovation is the adoption of a change which is new to an organisation
and to the relevant environment'.
(Knight 1967)

1" e e
'in' plus 'novare' - to make something new,

to change into something new,
to alter
(0xford Dictionary 1969)

"The process by which science and technology are diffused throughout
human activity'.
(Brooks 196T)

q

"The process by which an idea, practice or object 1is applied for the
first time by an individual or institution’.
(Rogers & Shoemaker 1971)

"Innovation is change in human activities and the process of carrying
out change: the sum total of all innovation would constitute

evolution'.
(Locke 1976)

"When an enterprise produces a good OT service or uses a method or
input that is new to it, 1t makes a technical change. The first
enterprise to make a given technical change is an innovator. Its
action is innovation".

(Schmookler 1900)

"Ipnovation is the application of new technique which increases
N DR . . i
porformance at existing or lower cost )
(Doctors 1069)



"By innovation is meant the generation, scceptance and implementation
of new ideas, processes, products or services. Innovation therefore
implies the capacity to change or adopt'.

(Thompson 1965)

"The technical, industrial and commercial steps which lead to the
marketing of new manufactued products and to the commercial use of
new technical processes and equipment',

(Central Advisory Council on Science and Technology 1968)

"The totality of processes by which new ideas are concelved, nurtured

developed and finally introduced into the economy as new products and

processes; or into an organisation to change its internal and

external relationships; or into a society to provide for its

social needs and to adopt itself to the world or the world to itself"
(Technological Innovation; its environment and management 19€7)

b

Aston University
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EXHIBIT 2

Interested Groups in the Study of Innovation

Discipline

FEconomics

Areas of Interest Typical Studies
Innovation as a source Adam Smith
of industrial growth
and development Marx
"Schumpeter ard Marx are Schumpeter

the two great exponents

of a type of economics in
which changes in the way

of doing and making things
are fundamentally important'.

"the way in which innovation
provides the dynamic element
through the incessant rise
and decay of firms'.

"knowledge as the chief Marshall
engine of progress in
our society’.

"Our brief survey of Benham
economic expansion during

the last 150 years..seems

to show that the main force

was the progress of

technique' .

"Ipnovation is an essential Freeman
condition of technical

progress and adaptation

and a critical element in

the competitive struggle of
enterprises and nation

states".

investment, productivity, Abramowitz

production functions Denison

rates of return Nelson

technical change factors Solow

economies of scale Minasian
Aukraust
Walter
Charpile

Goldsmith



Discipline

Areas of Interest

role of government

- in fostering innovation

- in improving productivity
through innovation

- policy on tax, monopolies
patents, trusts,
constraining legislation

technology transfer
- within industry
- from industry to nation

from developed to
underdeveloped nations

historical role

sources and timing of
innovation

company and market factors
- large/small

- competition

- market structure

- resource allocation

rates and extent of
diffusion

Typical Studies

NRDC

OECD

Nelson

Pavitt and Walker

Schmookler

Welles, Marts et al
Warner
Urban institute (1971)
Furash
Singer
Kissinger
Murphy
Rosenberg
Landes

Jewkes et al
Enos
Mackinnon
Maclaurin

Galbraith

Rettig

Mansfield
Griliches et al
Globerman

Ray

Maddala and Knight
Nebseth and Ray
Hufbauer



Psychologists

creativity and the process
of inventive problem-—
solving

Stein and Heingze
Taylor
Haefle

structure of the intellect,

set theory

resistance to change,
theories of dissonance,
persuasion etc.

motivation to innovate,
needs for achievement,
self-actualisation etc.

interpersonal psychology
under pressures of
uncertainty and change

group processes, styles,

norms, leadership etc.

environments for creative
and innovative activity

Mackinnon
Prince
Osbhorn

Stelner

Parnes and Hardy
Rickards

Wewell, Shaw, Simon
Wertheimer

Bruner
Guilford

Festinger
Rokeach
Abercrombie
Hovland et al

Maslow
Herzberg

¥eClellana

Argyris

Lewiln

Cartwright and Zander

Fiedler

Pelz and Andrews
Jones and Arnold
Kaplan

Smith



Socilologists and
anthropologists

technological change and
its impact on the social
structures and behaviour
of society

effects of industrialisation

- political implications
'the bourgeoisie cannot
exist without constantly
revolutionising the means
of production'

diffusion and adoption
patterns,
communication of
innovations

information flows
consequences, anticipated
and unanticipated

of technology growth

- in nations and societies
- in organisations

resistances to change

positive approaches to
facilitate change

Carter and Williams
Ogburn
Salter

Burns
Lupton

Marx

Rogers and Shoemaker

Menzel
Mohr
Becker

Club of Rome
Toffler

Schumacher

Merton

Gouldner
Roethlisberger and
Dickson

Selznick

Dewey
Durkheim



Organisation Theorists

role of structure Pugh and Aston group
technology Woodward
bureaucracy Chilad
and other factors Crozier
Blau
organising for innovation Burns and Stalker
differentiation, integration  Lawrence and Lorsch
coping with environmental Knight
uncertainty
politics of innovation Mumford and Pettigrew
Gouldner
strategy and planning Ansoff
Beer
theory of the firm Cyert and March

decision theory Simon and the
. .
)

environmental qualities Duncan
and effects Emery and Trist



'"The Professions'

Chemistry

Physics

Biology

Mathematics

and other 'sciences'

Engineering

Medical

Management

Education

development of fundamental
concepts and their
application

'exploring what is'

'a battery of problem-solving

devices gvallable for the

satisfaction of human needs'
'to create what has never
been'

use of new technigues and
knowledge to save lives

improvement of productivity

" " guality of life
safety
social responsibility

how to train creativity and
innovativeness

relationship between IQ,
degree level, education
background etc. and
innovative ability.



EXHIBIT 3

: Technological Innovation - Pros and Cons

THE

NATTON :

For:

1.

Provides the most important
means of improving productive
performance of a mature
economy and helping its growth.

Adds competitive power in
overseas markets, particularly
in poor world trade conditions,

without debilitating devaluation.

Deals with hitherto unsatisfied
needs.

Develops new overseas markets.

Improves power of response to
attacks or threats from outside
whether economic or military
in nature.

Leads occasionally to the
'triggering' of massive useful
change.

Offers the only lasting way to
adapt to internal and external
change.

Provides a basis for redevelopment

of regions of high unemployment.

Against:

1. Other means, such as
rationalisation, improved
management, and better
labour relations are
quicker and cost less

2. Technological innovation
is costly, usually
misdirected, subject to
political manipulation,
and distorts the economy.

3. Destroys the value of large
social investments.

i, Develops high unemployment
in areas of previous
prosperity or in established
trades.

5. Provokes social disturbance.

6. TIntroduces pollution and other
hazards.

7. Growth is something we should
forge; we should set an
example to the world of how
to live without change.



THE COMPANY :

n

Enhances profitability and
growth and their continuance
- through new products or
services replacing out-of-
date or loss-making items;
through entry into new
markets; through cost
reduction.

Builds up competitive power -
through new or better products;
through better-value-for-money
products.

Helps obtain access to new
technology of others.

THE INDIVIDUAL:

As Consumer:

1.

Provides better quality,
cheaper, more effective
products or services in a
wider range.

Leisure opportunities and
possibilities.

Improves prospects for one's
children.

As Worker:

1.

Assures the prospect of
interesting, better rewarded
future Jjobs.

Gives opportunities for self-
development and involvement.

Other means, such as mergers,
provide better and quicker
paths to profitability

and growth.

Tnnovation is costly, risky,
disturbing, and time
consuming.

Tnnovation is management
intensive.

Why do we have to compete?

Innovation means lower
quality or get-rich guick
trash which we are
pressured into accepting.

Tnnovation means dangerous
products.

The old ways are best; the
old products are the best.

Lays up trouble for our
children.

Puts people out of jobs.

Develops boring 'watching'
or assembly Jjobs.

Creates trouble for everyone
on the shop floor.
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Process Representation and Discussion of Elements

As the list of definitions of technological innovation showed, the
term is somewhat loosely used and understood. It is, in fact, a
span of activities associated with change, with bringing into

being and use of new things and ways of doing things. Consideration
of innovation as a process has been a common approach amongs’t

researchers and exhibit (L) indicates some examples.

A1l of these have in common discrete stages for inventilon,
development and adoption/diffusion: it will be useful to consider

briefly the essential characteristics of these stages.

(a) Tnvention

Tn its simplest form, this can Dbe considered as a stimulus/
response pattern through which some new idea is synthesised.
Sources of stimuli vary enormously both in scope and
perceived intensity: exhivit (5) lists some examples. The
actual process of idea generating has been the subject of
extensive study both on an individual and also on a groub
organisational level. Exhibit (&) summarises some of the
important influences on this activity. In general, the
conditions most favourable for inventive activity are
different in character from those required in the later
stages of the innovation process: this explains the
persistence of the 'lone-wolf' inventor as & major
contributor to spnovation, and also the tendency for
orgunisntions to keep Research and Development operations

apart from the remainder of thelr activities.



(a) Invention cont'd.

One important characteristic of invention as a problem-
solving activity i1s that it deals with open-ended problems
1.e. those with no logically correct answer. Hence the
need for some degree of creative thinking in generating
solutions. Exhibit (7) gives some examples of the

characteristics of open and closed problems.

'"Creativity' has been the subject of much work in the
+

context of innovation: 1in particular, this interest has

led to the development of a number of approaches to

'

training and developing this facility in individuals

-t

¢
m
3
e}

groups: exhibit (8) gives some examples.

Exhibit (9) offers a diagrammatic representation of the

invention stage.



(996T AI0IDOW)

W EER:

: JO uOT4TUEODTY]

uotyonpoad | j
odALyoroad pue UG TSap Apnas uotyeIOUT
uoT3onpoId udTsap PaTIBIaP Axeutwtpead RyTTTQrSRSF UYTSID qdoouos udTssap sTsoUjuis
AH////// Foe SUYT JO S381E
(7L6T K103919)
P
: soT®es ; <
_ uotqdumsuod Jo saamod Fuisn pue uotzonpoxd ” uoTquaAUT JO sxemod Jursn
uotydumsuod/uotydope Jo sasnmod Jutrsn m uotjeaausd 1deoucd/uortiusaul
_ UOT}BAOUUT e
Alllllll# o8paTMOUY TBOTUUDSS
(L96T ISTSTUM PUB I3309()
—_—_— <.|||||"|.I|J o 1
uotyeluswaTduy p uotydopy Tesodoag M\ i uotadsouo) | & | SMTNWTIAS
N “ N | A o |
NOTLJIOOV LATNAOTAAAD GoInEAD
‘UOT4BAOUUT JO SUOTABRUSS8IASIE S823042 ¢ = ZIETH:



(196T UBWS SOY )

, UOTRUSAUT
uotTao9gIad oyl - asayy JoO
pue BOPT MOU |& stsATeUuE K
uotyejUsWILISAXS Jo yjaTq TEeOT}TIO

SUOTNTOS UOT}BWIOJUT

9AT309(Qq0 JO [&—
UOTABTNWIO]

STQBTTIBAB
Jo ALanauns

(TL6T J9BWSOYG PUB SI950Y)

(996T sIo45)

uo13dop®e {é—

TeTI) TTII

UOT}ENTBAD |¢— 3S3I93UT Tmllﬂmmmzwhmzm

(2L6T puUBTSSI4 pue Jayeq)

uoTyeruswaTdut |&

|

uotqdope JO

£1TTIQRITSOP JUTISPTSUOD

7

I

pasu Jo
stsATBUR

£4TNOTIITD

IO posu

JO UOT3BAJIDSYO
i

- 0
g 2
Q
1@

SAT3BIIO TEND TATDUY




Awmaﬂ mﬂﬁdydzv

B1ED
TBUISIXSD
Jo uotqdope
ysnoayuy
uoTANTOS

asn pue
UOT}EeqUSmaTAWT

|

|

dn sT®BOS
¢ s8nq
M0 IJIOM

m_

5TQEBTTBAR

;hﬂﬂ@mwh UOT}BUIOFUT

UOTQUSAUT
ysnoays
uoTINTOS

N

|

£aTATaO®
UOT3}BINOTED pPUE
quawtaadxs ‘Yoaess

UOT3BNTBAD
pue 1dsou0d

ugdTsap
03UT UOTSNJ

PUBISD
Tetqusjod JO UOTRTUTODY

£4TTTATSES]
TBOTUYDS] JO UOTITUTODSY




(L6T IOTTIN)

UOT}ONPOIJUT

\df

30048
youneT oonpoxd

T

queTd o3 dn 21BOS

o

Teaoxdde
ssoooad

\ﬂ

Teaoxdde uoTyesTutydo
ronpoad ssoooad
B )
uotgesTuIldo | qusmdoTaASD
| jonpoad | ssoooad
: DTABUDASAS
L qeweys A

UoOT}O9TSS JIOM £ytaotad

pUB 1 RxogeIoQeT _QOHPdoﬂMﬂome / $20In089I
UOTABNTBAD aATyeTNOSdS TeI2UST ¥ JO UOT3BOOTTE # PO2U JO SS3USJIBME

w




EXHIBIT 5 : Some Sources of Stimuli for Innovation

- market needs something new.

- new technology suggests something new.

- outdated technology.

- competition requires innovative step to restore market share.

- corporate strategy requires growth/diversification/rationalisation.
- legislative pressure - e.g. tighter control on pollution.

- safety considerations.

- 'bad experiences' of others e.g. Seveso, Flixborough.

- pressure groups - e.g. public opinion, consumer action, trades unions
- individual/corporate needs for achievement.

- pational/local incentives — cash/resources/markets.

- interest rates - falling, stimulate interest in innovation
- rising depress interest in innovation.

- organised incentives e.g. government finance, NRDC, available
risk-capital sources.

- secondary but..... an educational agent leading to applied research.
The crucial role of basic research in industrial innovation lies in
continual reinforcement and understanding of the implications of
applied work. (Utterback 1975)

- product/process life cycles - replacement/displacement trends.



EXHIBIT 6 : Some Identified Influences on Idea Generation

-~ individuals using deferred judgement at the initial stage of idea
production are more productive than the same number of people
working in a group using deferred judgement.

(Taylor 195%)

- the use of deferred judgement at the initial stage gives better
results, whether employed by individuals or groups, than the
conventional approach used by individuals.

(Parnes and Meadows 1557)

Eal 4

- group leadership style and atmosphere can greatly affect icea
output.
(Parnes and Meadows 1359)

- detailed introduction of a test such as 'how many uses for?'
can help subsequent performance.
(Hudson 19¢8)

- the results from such tests can be strongly influenced by
the behaviour of the test setter
(Hudson 1968)

- matched groups, trained by General Motors, after training
performed better as such and better than controls.
(Harris 1960)

- tests at General Electric indicate that a 'constructive set'
to ideas ('what is good about this?' approach) produces better
solutions than a critical set.

(Hyman 19¢1)

- desirable sots and attitudes can be developed through various
types of training, by carefully prepared examinations.
(Heywood 197)
and by periodic support devices (MeClelland 19¢9)



- preconceived ideas may be dislodged (Avercrombie 1960)

(Rokeach 1960)

~ 'there appears to be a good deal of agreement now on some of
the factors that most enhance inventiveness or creativity in
organisations, including the availability of individuals
capable of producing new ideas

(Steiner 1965)

and the development of an organisational pattern than meximlses
flexibility and opens lines of cormunication.

- effective scientists:

(Guetzkow 1961)
(Mohr 1969)

-

were self directed by their own ideas
and valued freedom

did not limit their activities either
to the world of 'application' or to the
world of 'pure science' but meintal
an interest in both: thelr work wa
diversified.

ned
«
S5

were not fully in agreement with their
organisation in terms of their interests:
what they personally enjoyed did not
necessarily help them advance in the
structure.

tended to be motivated by similar
things to their colleagues but differed
in the styles and strategies with which
they approached their work.

in effective older grouvs, the members
interacted vigorously and preferred
each other as collaborators, yet they
held each other at an emotional distance
and felt free to disagree on technical
strategies.

(Pelz and Andrews 1060)



EXHIBIT 7 : Characteristics of Open and Closed Problemns

(Rickards 197k)

Open Problems

Boundaries may change during
problem-solving.

Process involves the introduction
of novel ideas.

No one correct solution.

Examples of open problems:

inventing new products

- resolving communication problems.

resolving economic problems.

- resolving conflict.

Closed Problems

Boundaries are fixed during
problem solving.

Process marked by predictability
of final solution

Solutions may be demonstrated
to be logically correct.

Procedures are generally known.

Examples of closed problems:

- solving a Jjigsaw puzzle.

- IQ tests.

- mathematical problems.



EXHIBIT 8

Some examples of approaches and techniques to aid
creative problem solving.

(Rickards 197L)

(a)

(b)

Tndividual
restructuring techniques

~ morphological analysis

— relevance systems

- attribute lists

- research planning diagrams

decision aids

- welghting procedures
— checklists

redefinitional aids

- goal orientation

- successive abstractions
— analogy procedures

- wishful thinking

- non logical stimulil

- boundary examinations

- reversals

Group
(a) brainstorming

— Osborn's methods

- trigger sessions

- recorded round-robiln

- wildest idea

- reverse brainstorming

- individual brainstorming

(b) Synectics

- active listening/
constructive group tehaviour

- goal orientation

- itemizetion

- changed meeting roles

- excursion procedures

- individual synectics



EXHIBIT 9

. Diagrammatic Representation of Invention Stage

Market knowledge

Information flows —>
_

Resource flows

Planning inputs ——2

Stimuli

/I

\/

Inventive response:

- definition of problem
- idea generation
- identification of

1ikely alternatives

- selection and

commitment

- monitoring

Proposed response (s)
to stimuli

TITT

Technical knowledge

Problem solving aids
Motivation
Intellectual resources
Awareness of

internal and

externsl constraints



Development

Having arrived at an inventive proposal for a response to
the stimulus, it is necessary to develop this idea into a
physical reality. Inevitably this activity will require a
higher proportion of resources and may well involve a
recycling activity if the original invention turns out to

be impractical for some reason.

Innovation is essentially a two-sided coupling activity
bringing together technical knowledge and market informetion
via a development seguence of design, trial production,
scale up etc. Some indication of the range of activities

which make up this phase is given 1n Exhibit 10.

Costs and time factors play an increasingly important role
here: invention rarely accounts for more than 15-20% of
total innovation costs, the rest being largely taken up

by development charges. Time lags between new ideas and
their commercial realisation can be extensive: Kingston
(1977) cites the case of enzyme-based detergents as

an example of this. In general, high technology industries
have the shortest lags, then pharmaceuticals, chemicals

and finally mechanicals.



Development is basically a problem-solving stage:
Exhibit (11) illustrates a paradigm of this process.
Several workers have attempted to classify problems:
Saward (1976) gives a useful review of some of these
proposed taxonomies. Exhibit (12) indicates one such
classification, due to McKenney (1973) . Type b
problems define the extreme case of highly radical
innovation moving into totally new areas whilst Type 1
problems are little more than modifications and small
Sperements. Other classifications discuss factors the
degree of motivation/commitment required, specific
constraints e.g. time, the required degree of group
cooperation etc. The distinction between open and

closed problems discussed earlier is also relevant here.



EXHIBIT 10 : Diagrammatic representation of development stage

Resources —

- money

~ machines
- men

- materials
- energy

Constraints
internal and
external

(deadlines,
budgets, laws,
possibility etc.

invention stage
ideas

multiple problem-
solving activity —
(with recycle)

AN

Y

A/

proposed alternatives
for adoption consideration

Motivation

Problem-solving
skills

Other skills

Management



EXHIBIT 11 : A paradigm of the problem—solving process
(source Purdon 1971)

Aston University

Content has been removed for copyright reasons

Aston University

Content has been removed for copyright reasons




EXHIBIT 12 : Categories of problems (McKenney 1973)

Type 1 The problem involves planning. The problem solver
knows that data are relevant and what mental
operations and analysis are required to deal with
the data. He merely has to arrange the data into
a form which may be used as inputs to a defined
sequence of evaluation.

Type 2 The required operations and methods are known, but
not the data.

Type 3 The problem-solver understands the data, but does not
know how to manipulate them to achieve a desired end.

Type U Both the information and the operations are unknown.
The problem solver must search for cues, generate
explanatory concepts and develop a method for
manipulating the data once they are organised.

Yooy



Adoption/diffusion

'Boss' Kettering of General Motors is reputed to have said
'the hardest substance in the world is the human skull,

to judge by the force needed to drive a new idea through
it'': his observations reflect the major problem implicit
in the adoption phase of innovation. Sayles (19Th)
describes this as the longest and most critical stage in
the whole process: in essence it is characterised by

the decision to adopt or reject the new thing.

Much work has been carried out on the patterns of
adoption, the characteristics of innovator and adopter,
the perceived attributes of the innovation, etc. In
practical terms, most innovations involve a whole series
of adoption decisions since the decision-meking elements
in the structure must be constantly assessing the
advantage of continuing against that of calling a halt
to the process. The final adoption/consumption decision
is rarely a single event but a process affected by a

series of variables and teking place over time.

Rogers and Shoemaker (1971) suggest that this decision
process can be described by the paradigm in Exhibit (13):
this indicates the range of both rational and emotional
influences which bear on adoption behaviour. They argue

that the decision will be a function of innovation, innovator
and adopter characteristics: these factors are discussed

in more detail later.



In essence their model assumes that innovations are
communicated from a source to a receiver via certain
channels - the SMCRE model due to Berlo (1960)

On receiving the innovation, the adoption process
involves a five-stage response on behalf of the
adopter: awareness, interest, evaluation, trial and
implementation (Myers 1966) . The determinants

of this process will involve four major functions:

- knowledge about the need for change and the innovation

- persuasion and evaluation of the innovation by an
evaluating unit

- decision concerning acceptance of rejection of the
innovation by the decision-making unit

_  confirmation and communication of this decision to

all those affected by it - and feedback of thelr response

Rogers and Shoemaker point out the similarity of this

model to that proposed by Howlands (1956) to

sccount for attitude change in individuals.

— )llﬁ _—



TXHIBIT 13

: Diagrammatic representation of the adoption process

(after Rogers and Shoemaker 1971)

soclal system norms —>

Formal solution/

innovation proposal

l

knowledge function

adoption decision process

tolerance of deviancy—>
communication
integration —>
7
persuasion function «relative advantage

recelver variables — «compatibility
e.g. attitude to e« complexity
change «trialebility
perceived need for «observebility
innovation
characteristics
e.g.
cosmopoliteness

y

decision function
adopt reject

V
discontinuance continued confirmation continued later
replacement adoption function rejection adoption

disenchantment




Most writers agree that there are different ways of

approaching the adoption decision, in particular:

( 1) individual decisions

( ii) authority decisions - these are the most prevalent
within industry and represent unilateral decision
by authority figures. The essential characteristic
of this 'decree' approach (described by Teylor,
1911, Gouldner 195k ))is that it involves
minimum participation of the adoption unit in

the decision process.

(iii) 'marketing' decisions - this is an attempt to
modify authority decisions by consciously 'selling'
the decision to the adoption unit: it is still

taken unilaterally and without participation.

( iv) participative decisions - this process involves a
two-way interaction between those involved in
accepting it. The adoption unit is widely
involved in identifying, evaluating and deciding

activities.



There are advantages and disadvantages associated with
each of these approaches - for example, individual
decisions are simple and fast, authority decisions are
most effective for organisations in terms of speed and
formal acceptance. However, there is growing interest

in the innate resistances to change which can be
generated, and in terms of successful decisions which
mobilise support and commitment, the participative
approach 1s generally agreed to be most effective.
Mumford summarises the responses engendered by these

decision approaches (Exhibit 14).

It is also possible to categorise adoption decisions in
terms of whether they represent -

- addition of something new

- replacement of something old or

~ displacement of the existing by a better alternative

Gold, Pierce and Rosegger (1969) suggest that the
outcome and determinants of the process will vary, depending

upon which type of decision is involved.



EXHIBIT 1k : Alternative Approaches to New Technology Adoption

(Mumford)
1. Command approach:
Stimulus > Response
Authoritarian
communication Unfavourable interpretation
3 ¥
(Low-power (High-power
group) group)
Acceptance Non-
with acceptance
anxiety
Implementation Negotiation
I v N2 s
Alienation/  Compensation Compromise  Withdrawal
Separation/
Non-
cooperation High-cost Implementation
o. Marketing approach:
Stimulus > Response

Selling communication Favourable but incorrect interpretation

4

Acceptance
Implementation
Disillusionment

Conflict/Alienation

- b6 -



Participative approach:

Stimulus

Democratic communication/
Request for ideas and
assistance

Response

Correct interpretation

%

— );( —

Participation

1

Acceptance

Tmplementation of jointly
conceived system

Cooperation/
Tnvolvement/
Motivation



Before examining the general findings of research on
technological innovation, it will be useful to consider
some of the essential characteristics of innovations

and some of the suggested models of the proces.

(3) Characteristics of innovation

(a)

radical vs incremental:- it follows from our definition of

innovation that the degree of newness will be an important

factor in the process, particularly at the adoptlon stage.
Obviously this will be a relative quantity depending upon
the organisation involved: what may be a radical departure
for one may be little more than & logical progression for

another.

Radical innovation can best be considered as one extreme of
a continuum where the degree of newness is very large and
will involve a revolution in thinking or action; incremental
s pnovation then occupies the opposite end of this line

where the changes involved are minimal. Exhibit .15
i1lustrates this. The demands placed on individuals and
organisations in terms of resources, risk etc. are

naturally more extensive in radical innovation than in
incremental but at the same time, successful innovation of

o radical nature 1s likely to bring with it substantlally

greater rewards.

- )‘8 —



EXHIBIT 15 : Radical/incremental continuum for innovation.

NOILVAONNT
LONd0dd

Major transformation in technology
- radical shift into new product
concept area
e.g. VIOL aircraft

transistors

radar

Emiscanner

pharmaceuticals

e.g. Librium, Valium,

Intal
Mini car

fully automatic transmission
systems for cars (synthesis of
well—-known ideas to provide new
answer to well known problems)
semi-synthetic penicillins -
systematic investigation of
different reaction lines

Minor changes, almost
developmental e.g&. style,
colour, simple increments
of change

~ o -

TYDIAVY

TYLNENTIONT

NOILVAONNT
SsdEn0dd

Major transformation in technology

— radical shift in the way of

doing things

e.g. basic oxygen process
box girder bridge design
microprocessors
floatglass

shuttleless looms for weaving -
improvement on an 0ld idea using
new materials, experience and
market demand.

Chorleywood bread process -
based on old ideas usilng new
treatments

BICC's continuously transposed

cables.

Catalyst development in the

petrochemical industry

_ use of different machinery,
raw materials etc. but relying
on similar principles.

Minor alterations in process

technology e.g£. nevw equipment



Since we are talkingabout a continuum, it 1is impossible
to delineate a point at which an innovatlon becomes radical:
Miller's spectrum model (Exhibit 16) aptly illustrates
the overlap in different aspects of industrial research.
However, most writers on innovation have tended to

study discrete major innovations vather than the sum of
minor modifications over a period of time: this is
principally due to the difficulty of handling increments

as units of analysis. A notable exception to this trend

is Hollander's . study of incremental innovation

within du Pont (1965) in which he clearly illustrates the
significant contribution which a series of minor
modifications can make.

Knight ' suggests that it may De necessary to consider
this dimension in terms of performance and structural
ractors. Here 'performance radicalness' describes a
measure of the increase (or decrease) in the ebility to
perform a required task. It is defined as 'the amount

of change in output that results from one innovation when
compared with a second one' and a large change in output,
positive or negative, that results from the introduction of
o new idea will be indicative of high radicalness. By
contrast, 'structural radicalness' defines a measure of

the extent to which the structural arrangment differs

from existing ones. This is a similar concept to that
suggested by Normann in which new product development
involves either 'sequential' or 'substantial' relationships
between activities, the former corresponding to the simple
s herement model and the latter to a substantial reordering

of structure involved 1n a radical one.



EXHIBIT 16 : Innovation as a 'spectrum' in industrial Research and

Development

(Miller 1978)
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Broadly speaking, most industries practice both kinds of
innovation but there will be a bias in favour of one kind
over the other depending on such factors as the overall
economic environment and the basic strategy of the

industry. Utterback , for example, indicates some of

the preferred emphases for typical industries.

(Exhibit 17).



EXHIBIT 17 : Typical industrial innovation strategies

(Utterback 19Th4)

automotive industry - sales maximisation
transportation,

communications - cost minimisation
aerospace

chemicals - performance meximisation
mining

pctroleum - control of resources



product or process: Knight offers the following

definitions of innovation categories.

( 1) Product or service innovations - these are the
introduction of new products or services which

the organisation produces, sells or gives awvay.

( 1i) Process innovations - these are the introduction
of new elements in the organisations task,
decision and information system or its physical
production or service operations, the advances

in the technology of the company.

(iii) organisation structure innovation - this includes
the introduction of altered work assignments,
authority relations, communication systems, reward
systems, formal interaction etc. into the

organisation.

(iv) people innovation — these are actions which produce

direct changes in the people within the organisation.

s great deal will depend on the kind of industry involved
as to the relative type of innovation practised. Product
ipnovation inevitably involves selling in the market place
and will thus be affected considerably by consumer
uncertainty, market trends etc.; process innovation 1is
concerned with the way in which things are done and will be

involved in factors like cost, safety and efficiency.

- 5 T



routine vs non-routine: industrial organisations exist
as dynamic systems and will thus pass through phases in
which they can afford to take extensive risks and those
in which their whole survival will depend on adapting.
The notion of routine or programmed innovation covers
those cases of innovation which are largely planned:
there may be creative problem solving in the creation of
the idea but once it occurs, there are well-defined
routines and procedures for evaluating and implementing
the idea. Style changes, minor product modifications and
minor extensions of the production line are all exsmples
of this type of innovation and are usually characterised
by their regularity e.g. to keep abreast of the market,
most consumer industries change styles, colours and

other minor options on a regular basis.

By contrast, there are innovations which are dependent
upon the success or failure of the organisation(Cyert and
March 19063) suggest that success produces excess resources
which the firm can declde to use in a variety of ways -

a condition they term tglack'. Under these conditions,
the organiseation tends to spend heavily on Research and
Development activities, often adding new groups oI
resources, in an attempt to keep on top of new knowledge:
the hope is that by doing so an advantage OVer competitors

will be gained which will help to keep the organisation

successful.



Unsuccessful firms, are more likely to attempt small-
scale innovation with emphasis on cost reduction because
they do not have the resources to devote to high risk,
high cost innovation like new product or process
introduction. The greater the crisis, the more desperate
the firm becomes and it will begin to seize radical
proposals 1n a random fashion because it sees the
necessity for a significant performance improvement in

order to survive.

Knight has a model of innovation as an organisational

search activity related to the crisis or slack position

of the firm: this is reproduced in Exhibit (18).

t



tional search.

Model of innovation as organise

EXHIBIT 18
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risk and uncertainty: since it involves bringing the new
into being, innovation must, by definition, carry with it
an element of uncertainty. This is not merely a matter
of technical 'working' or 'not working' (although this
factor will be decisive for success). The uncertainty
lies in the extent to which the innovation will satisfy
a variety of technical criteria without increased cost

of development, production or operation, and the extent

to which the final product is acceptable to the market.

Most economists make a distinction between 'measurable’
and 'unmeasureable' uncertainty, and innovation falls
into this second class: the distinction is essentially
one of degree. The notion of tcalculated risk' 1s
common to businesses such as lnsurance where theories of

statistical probability can be used, but these involve

repetitive, low levels of uncertainty. Innovation, however,

tends to involve higher levels of uncertainty and makes
risk—estimation difficult: for this reason, risk capital
for innovation is often difficult to obtain from
conventional banking sources. Fxhibit (19) indicates the
range of uncertainty which can be associated with various

types of innovation.



EXHIBIT 19

of 1nnovation

: Degree of uncertainty associated with varlous types

true uncertainty

very high uncertainty

high uncertainty

moderate uncertainty

little undertainty

very little uncertainty

fundamental research
fundamental invention

radical product innovations
radical process innovations
outside firm

major product innovation
radical process innovation
within own system

new 'generation' of
established products

licensed innovation

imitations of product innovation

modifications of products and
processes

early adoption of established
process

new 'model’

product differentiation

agency of established product
innovation

late adoption of esteblished
process innovation in own
system

minor technical improvements

(Freeman 1974)



As a general principle, most firms would prefer process
innovation within their own works since this only involves
technical uncertainty - as compared with radical product
innovation which would involve high levels of technical
and market uncertainty. This will reflect in a tendency
towards committing Research and Development resources
towards defensive, imitative, product differentiation and
process innovation and away from radical, open-market

operations.

Mumford and Pettigrew (1975) . suggest a model which
illustrates the generation of uncertainty, including its
effect on the social system involved. (Exhibit 20).

Cold (1969 challenges some common beliefs about
innovation which ignore uncertalnty generation and Schon
(1966) suggests that much of the ipnovative work in
an organisation should be simed at converting uncertalnty

to risk.
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IXHIBIT 20 Model of innovation and the generation of uncertainty

(Mumford and Pettigrew 1975)

External stimulus

Decision to
innovate

Attempts to Generation of uncertainty
define and for innovator group

clarify problem due to

Lack of knowledge
of how to

solve problem

Conflicts of
interest within
innovating group

\

\

Search for information Mediating mechanisms
variety reduction changes 1n power

process. Trying to structure.

Trying to
reduce uncertainty.

reduce uncertainty.

Decision
on how
to
innovate

ImplementatinJ




Generation of uncertainty for
user group due to

(£ A\
Lack of knowledge Conflict of
of how to interest within
solve problem innovator group
Develop new Mediating mechanisms
competence. Changes 1in power
Trying to reduce structure. Trying to
uncertainty. reduce uncertainty.

adjustment of social and technical systems

/

\

reallocation of
power, knowledge
and skill in
social system

changed technology
in technical system




Thomson (1967) has a similar view of uncertainty as:

- the general lack of understanding of the relationship between

causes and effects in the culture as a whole and

_ the fact that the outcomes of organisational action are in part

determined by factors operating in the external environment.



relative advantage: 1in discussing the adoption decision,
Rogers and Shoemaker identify several characteristics of
innovations which influence that decision. First among
these is the relative advantage, which defines the
subjective perception of the innovation as being in some
way better than the existing thing which it proposes to

replace.

compatibility: this is the perception (both objective and
subjective) of the innovation as being consistent with the

values, experience, needs, technology etc. of the receivers.

complexity: this is the perception (again objective and
subjective) of the difficulty 1in understanding and use of

the innovation.

trialability: this 1s the degree to which experimentation
is possible with the innovation, the chance for practical

proving of what it is and what its implications might be.

observability: the degree to which the results of the
innovation are visible - this is particularly important in

the adoption decision and its later confirmation.



Characteristics of innovators, adopters and environments:

(a)

environmental texture: inevitably, since innovation does not
take place in a vacuum, it will be affected by the quality of
the enviromment in which it occurs, Factors such as market
competition, economic climate, legislation, political stability
ete. will undoubtedly play a significant part. Many theorists
view innovation as an adaptive response on behalf of organisations
and have attempted to categorise the various possible
environments involved. Exhibit 21 illustrates two of those
suggested, due to Emery and Trist (1965) and Duncan (1972)
both indicate that adaptive responses, such as innovetion
become extremely difficult to make as environmental texture in-
creases in complexity. Lawrence and Lorsch (1967) provide
some excellent examples and analyses of companies coping more
and less successfully with product innovations in highly compleX

environments.

They view uncertainty in relation to the environment as being made
up of

— the lack of clarity of information

— the long time-span of definitive feedback

- the general uncertainty of causal relationships.
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EXHIBIT 21

Characteristics of environments.

Emery

( 1ii1)

(1i1)

( iv)

and Trist (1965)

simple, placid, randomised: in this type, goals and
noxiants are relatively unchanging in themselves and
randomly distributed. A critical property from the
organisation's viewpoint is that there is no difference
between tactics and strategy and organisations can
exist adaptively as single, and indeed quite small,
units.

placid, clustered: in this type, also static, goals

and noxiants are not randomly distributed: they hang
together in certaln ways. The need arises for strategy
as distinct from tactics. Under these conditions
organisations grow in size becoming multiple and tending
towards centralised control and coordination.

disturbed, reactive: this type is dynamic and consists
of a clustered environment 1n which there is more than
one system of the same kind, i.e. the objects of one
organisation are the same as, or relevant to, others
like it. Such competitors seek to improve thelr own
chances by hindering each other, each knowing the
others are playing the same game. Between strategy
and tactics there emerges an intermediate type of
organisational response - what military theorists refer
to as operations. Control becomes more decentralised to
allow these to be conducted. On the other hand,
stability may require a certain coming-to-terms between
competitors.

turbulent fields: this type is dynamic in several respects
arising not simply from the ipteraction of identifiable
component systems put from the field itself. The turbulence
results from the complexity and multiple character of the
causal interconnections. Tndividual organisations, however
large, cannot adapt successfully simply through their

direct interactions.
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Duncan (1973)
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adopter characteristics: Rogers and Shoemaker, in their study
of communication and diffusion of innovations lay great emphasis
on adopter characteristics as being central determinants of the
innovation process. In particular, the influence of reference
groups, opinion leaders and other social structures appears to

have a significant part to play.

Iy their research summary, Rogers and Shoemaker identify five
classes of adopters:

innovators

early adopters

early majority

late majority

laggards

and Exhibit 22 indicates the distribution of these over time.

The determinants of adoption, according to their model, depend
heavily on communication — related factors, and the important
characteristics of adopters are thus held to be those which
expose a degree of similarity or dissimilarity between adopter

and innovator.

Three concepts appear important here: homophily and heterophily
between individuals, traditional and modern systems orientation

of social structures and 'cosm0politeness‘ ve 'localness' which
refers to the individual's orientation and values. Innovativeness
is a measure of an individual's 1ikelihood to adopt an innovation
and is related to these factors. Dxhibit 23 discusses these
concepts.
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Rogers and Shoemaker identify a number of propositions about
adoption which are associated with three groups of factors:

socioeconomic variables, personality variables and communication

variables. These are discussed in later sections.
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EXHIBIT 22 : Distribution of adopter categories

?he basic distribution of adoption of innovation across & population
1s nor@al: both curves shown below support this and are based on
extensive empirical evidence. This is to be expected: 1f we look at
learning theory, we find that learning (i.e. response to new ideas)

is proportional to the amount already known and the amount still to be
learned.

Within the distribution across population, Rogers and Shoemaker (1971)
identify five characteristic types. These are:

( i)  innovators

( ii)  early adopters
(iii)  early majority
( iv) late adopters
( ) laggards

and are discussed in greater detail elsewhere.

(a) adoption distribution over population
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EXHIBIT 23

homophily /hererophily: in viewing innovation as a
communication process involving the transfer of a message
between a source and a receiver, Rogers and Shoemaker point
out the importance of the similarity or otherwise in the
viewpoints of these two agents. They use a concept outlined
by Lazarsfield and Merton (196L) of hetero—- and
homophily where these labels define two poles of a continuum

describing the degree of similarity.

For communication of innovation, there must be some degree

of both hetero- and homophily: in the ideal case homophily
should be evident in all respects except the innovation itself.
The 'heterophilic gap' (degree of dissimilarity) increases
with the cultural changes between groups = this partially
explains the lack of effective communication and transfer

of innovation from highly developed to underdeveloped countries.



traditional /modern: closely associated with innovation

adoption are the system norms, values and general cultural
orientation in which the change is being introduced. The two
terms, characterised by the elements listed below, define poles

of a continuum which describes the 'degree of societal open-

mindedness' - i.e. the likely receptivity to new ideas.
Traditional Systems Modern Systems
lack of favourable orientation positive attitudes to change

to change

'simple' technology developed technology and
labour organisation

low levels of literacy, high value and levels of
education etc. education, literacy etc.
social enforcement of the rational social relationships

value system as status quo

little communication across cosmopolitan characteristics
system boundary - isolation and interactions

1lack of ability to empathise empathy



(iii)

cosmopolitans/locals: the Rogers and Shoemaker research
summary indicates that there are certain gqualities
associated with early adopters and innovators: following
Gouldner they define two extreme types, cosmopolitans

and locals.

Once again these represent poles on a continuum describing
individual open-mindedness and breadth of experience;
they relate to receptivity to new ideas. Elements

characterising these two extremes are listed below.

Cosmopolitans and locals - essential characteristics
(Gouldner 1970 )

- cosmopolitans have a relatively complex set of skills
derived from long formal training. They tend to be
more committed to their job than to any organisation:
their training offers them greater Job mobility amongst
many organisations. They are 1itinerant' rather than
committed members of any company. Values, particularly
with respect to professional skills are refined and
developed by reference to a professional peer group
rather than by members of his employing organisation.

_ locals by contrast are 'company ' men, loyal and committed

to the organisation. Their reference group is internal

and they tend to lack specialist professional skills.

Their commitment is often to the organisation rather than

to the task, and career patterns are important for them.



(Arguably this difference in roles and orientation
might emerge between Research and Development specialists

and production personnel in the innovation process) .

- cosmopolitans are less influential within organisations

than locals.

- cosmopolitans participate less in organisation activities

than locals.

_ cosmopolitans have a higher propensity to reject

organisational rules than locals.

- cosmopolitans are less informally 'linked in' than

locals in the organisation.



Measurement of innovation

Before we pass on to the general findings and conclusions of
research on innovation, it will be useful to consilder how it
can be measured. Most attempts employ some kind of black-box
input/output model but this has the disadvantage of revealing

very little about the determinants of the process itself.

Simple output measures might include:

~ idea production rate in Research and Development

— number of ideas produced in Research and Development
- number of proposals put forward to meet a stimulus

_ number of adopted innovations

_ pumber of innovations produced

- number of successful innovations now/after time

- number of unsuccessful innovations now/after time etc.

These modify easily to input/output ratios which are slightly

more meaningful, e.g.

_ offort in/innovation output
_ resources in/innovation output
- research efforts and resources/idea rate and quantity

- marketing efforst and resources/adopted innovations



A whole series of ratios could be built up in this fashion and,
to some extent, provide a useful guide to the effectiveness of
innovation. Most capital investment decisions, for example, are
made on the basis of some kind of comparison between an expected

rate of return from the investment in innovation, and a similar

investment earning interest.

There are two motives for measuring innovation: control and
research. In the former case, the measures need to be practical
since they are part of the operational mechanism in industrial
ipnovation - for example in project selection, monitoring,
evaluation, planning etc. Control measures are also needed as
guidelines in national and commercial strategy and policy-making:
again these are often economic in basis and deal with the
ellicicncy and effectiveness of ipnovation under different sets
of circumstances. With the inerease in inflation rates and
world recession, major Research and Development especially when
backed by governmental gid, has come in for sharp criticism and
it is evident in the case of a project like Concorde that much

of this is directed at inadequate means of measuring the real

progress of the project.

Another comparative set of measures for project control is based
upon product/process/plant 1ife cycles: 1in general these follow
the pattern indicated in Exhibit 2k. Deviations, either positive

or negative, show up clearly on such a visual representation.
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EXHIBIT 24 : Project Life Cycle Diagram

scale
increase

maturity

displacement. ———

decay

failure

experiment/pilot scale

time



Measures designed to facilitate study and research on the

subject of innovation can afford to be more complex and developed
because of the absence of time constraints. However, when
attempts are made to move beyond historical input/output type
assessments, problems of individual perception of factors like
degree of radicalness, complexity, relative advantage etc.

makes generalisation very difficult. (These criticisms are

discussed atlength at the end of this chapter).

Consequently, most of the general studies carried out have been
along the lines given ig Exhibit 25. In general there appear

to be five dominant classes of studies on innovation.

¢ i) statistics: Dby far the largest group, these involve
working at high levels of generality and allow for
1ittle discrimination between characteristic elements

in the innovation process under differing circumstances.

( ii) specific industry studies: using the same approaches
as (i) but focussing sttention on one specific industry
or sector of industry. Still provides information of
1imited value in being so general: examples might include
Tnos's studies of the development and diffusion of
petroleun refining processes within the petrochemical

sector of the chemical industry.



(ii1)

( iv)

topitical incident' studies: DY contrast, highly specific
studies based upon individual recollection of innovation and
the factors which affected the process. Suffers from bilas

due to subject and to distortion over time as well as referring

to those large elements in the process which stick in the memory.

contextual studies: attempts to take into account a number of

factors hitherto ignored in statistical studies e.g. size, age,
wealth of firm, type of market, type of technology etc.

Notable amongst this class of studies would be Project Sappho,

with its attempt to account for contextual variables by

'pairing’ companies.

cace studies: most recent of the rccommended approaches this
class attempts to generate information of a highly specific
nature based on extended, in-depth studies of individual organis-
ations. They have the advantage of including all potential
variables and influences in their field of study, but may be
1imited in that this information is only valid for one
organisation. However, there is (as will be discussed later)
a growing body of opinion suggesting that it may not be
possible to derive a general theory of innovation and that our
best hope lies in developlng & contingency/probabilistic model
of some kind based on a number of case studies. As the OECD
report (Pavitt 1971) suggests, ' this source is 1likely in
the loung term to lead to a more fundamental understanding of

. . . 1"
the processes of technological innovation .
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EXHIBIT 25 : Some overall performance measures of innovation.

- relative improvement in yearly indices and figures such as GNP, trade
balance ete. —-— this is an indirect measure since it only indicates
the contribution from the manufacturing sector, and is based on the
assumption that some of the improvement results from the contribution

of innovation and technological change.

- analyses like that above, but given in terms of specific sectors of
industry so that relative rates of development emerge.

~ investment/output ratios for industry - this measure is based on the
assumption that a significant proportion of investment goes into
ipnovation and thus a crude input/output ratio can be constructed.
Lave (1966) summarises the detailed investigations made by a
number of economists and suggests that their conclusions can be
justifiably accepted where the figures are for long periods Of
time and show considerable differences between any two sectors. He
cites, for example, the period 1909-49 where technological change in
the USA was twice as rapid in agriculture as in manufacturing.
Mansfield, (1968) after an exhaustive and definitive study of
the economics of innovation, has reservations about the precise
measurement of technological change, esvecially by these means.

- patent statistics. Schmookler (1966) has made extensive study of this
area in the USA and has developed models etc. based on analysis of
innovations revealed through patents. Unfortunately, as Kingston (1977)
argues, many firms no longer believe 1n patents as an effective
protection for new ideas and prefer to gamble on holding a market
advantage by being ahead of competition for a significant period of

time.
_ success/failure pairs. Project SAPPHO developed this technigque in an

attempt to identify the contribution or absence of key factors in
the innovation process. 'Success' is defined in commercial terms.
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General Findings

A large number of studies have been carried out on aspects of the
innovation process in an attempt to arrive at some general
conclusions. The majority of these have looked retrospectively
at a range of innovation within a variety of industries and
attempted to determine emergent patterns. Despite some recent
theoretical reservations (Downs and Mohr 1976, , discussed
later) and some reflections on the practical design (Utterback
1975 ., Rothwell 1977 . ), these remain the principal
source of knowledge about what innovation is or how it takes

place.

Exhibit 26 summarises the conclusions of several recent studies
of this kind and provides a suitable iniication of the range

of factors which appear to contribute to 'successul' innovation
(usually judged on commercial criteria): Exhbit 27 lists some
common factors in failure. This work is largely in agreement
with previous studies (Exhibit 28) and suggests that these
factors will be reasonably consistent in technological innovation:
unfortunately prescriptive use of this information is difficult

because of the general and non-specific nature of the conclusions.

Research on implementation and diffusion of innovations has also

been extensive and is summarised in Exhibit 29.



The principal reservation about general research at present is
the lack of information of the specific case study variety;
where case studies have taken place, they have often been
retrospective recollections or critical incident orientated.
If we accept Utterback et al's view of innovation (1976)

as 'a function of the firm's environment including technical,
market, economic, governmental and other components,
communication between the firm and it's enviromment, the firm's
resources and its organisation and allocation of resources,
technology and information', then it is clear that studies
based on long-term observation of firm's overall operations
will be of value in elucidating some of the detail of these

compelx relationships.

Many of these studies have been carried out for motives other
than pure research interest: since technological innovation

is such an important element in national economy, there has been
a great deal of effort directed towards obtaining a set of
guidelines which have practical value for improving innovation
effectiveness. Exhibit 30 indicates the contribution Project
Sappho makes, for example, in updating conventional thinking

in some areas of innovation.

Tnevitably, there are contradictions and areas of vagueness 1in
these findings and it is significant to note that many commentators
are critical of the present state of knowledge about innovation
and suggest directions in which future research should be

concentrated.



EXHIBIT 26 : Factors associated with innovation success (based on

Rothwell, 1977).

(a)

(b)

Good internal and external communication

'use of outside technology and scientific advice'

survey of potential ideas

better contacts with the scientific community in the specific
area associated with the innovation

a willingness to share knowledge (not secretive)

the information system which is at the disposal of the
enterprise is associated with success - both good internal
and external information are associated with high
profitability

communication outside the firm played an important role in
the projects studied. Outside consultants more often used
by successes

good internal and external communication important to success.
External communication particularly important for firms
attempting radical innovations

high quality of incoming information. Better contacts with
outside establishments

Collaboration with outside agencies

successful innovators collaborate with potential customers
during the development

an element of success was the ability of a research unit to
improve scientific and technological cooperation with extra-
mural scientific and technological organisations

readiness to cooperate with outside agencies

collaboration with customers and suppliers

successful innovators collaborated with external agencies
from an early stage in the innovation process. Collaboration
occurred most freguently with customers and other private
industry

frequent contact was maintained with customer

external information is not obtained form symposia. A great
deal of information results from personal contacts within and
outside the company and from captive know-how and experience
personal contacts and personal experience are best information
sources for successful innovations.



Good integration and cooperation

- successes, on average, out perform failures in all the areas
of competence encompassed by the innovation

— harmonious cooperation between research, development,
production and financial organisations contributed to success

- good internal coordination and cooperation

- innovation management is a corporate task, not Research and
Development in isolation. Cannot be left to one functional
department.

- good intra-firm cooperation

- the balance of functions of production, marketing and Research
and Development is an element in the success of an enterprise
over the long term. It is a question not only of quantitative
balance but also of a balance in quality. The firms which
have the highest economic successes are those which attain a
high guality simultaneously in these three major functions

- successful firms took steps to coordinate the effects of
various functional departments. More progressive firms
formulated a corporate strategy. Innovation is a corporate-
wide task and success cannot be explained in terms of one or
two factors only. On average successful firms out performed
failures right across the board.

Effective development work

- successful innovators perform develorment work more efficiently
and eliminate technical defects before commercial launch. In
successful innovations there were fewer unexpected adjustments
to production

- success was greatly facilitated by the adequate preparation
of works for solving emergencies in the course of pilot
production. Success was furthered considerably if the
enterprise succeeded in overcoming the different operational
problems.

- good consciousness in research

- successful firms performed their development work more
efficiently than failures. Successful firms eliminated technical
bugs before commercial sales.

Good financial control

- the drawing up of a preliminary budget

— quantified investment decisions

- budget for market and development available

- most innovations were formally budgeted for at the start.
This was particularly the case with incremental innovations.

3Y



(f)

(g)

Use of management and planning policy/strategy

- successful innovators undertook a deliberate search for the
innovation. Successful innovators took a more serious approach
to planning. In successful firms the Research and Development
programme was systematically and periodically considered.

- good use of management techniques

- innovative capacity is associated with an active policy in
finding and developing new products

- planning was more highly structured and sophisticated in the
successful cases

~ the majority of successful innovators claimed to have an
explicity formulated policy towards innovation and change to
formulate in writing the objectives and plans of their
development efforts. This was particularly true for radical
innovators. Growing use of technico/economic analysis of new
innovations in the more progressive firms.

Scientists and managerial positions

- did not discriminate. The successful Chief Executive was
often a graduate scientist or engineer

- scientists and technologists on the board

- gsenior staff are mostly engineers but other graduates are
also included.

— in the case of radical innovators, 70% of Chief Executives
possess a technical qualification, 5% were graduates. In
the case of incremental innovators, 60% possessed a technical
qualification, 26% were graduates.

Marketing contact and orientation

~ marketing was the most important SAPPHO discriminator.
Successful innovators understood user needs better. Successful
firms pay more attention to marketing publicity and sales.
Successful innovations arise in response to a market need.

- an effective selling policy

- recognition of demand is a more frequent factor in successful
innovation than the recotnition of a technical potential

— clean identification of a need. Realisation of potential
usefulness of a discovery

~ the product policy aims essentially at orientating the
resources of the enterprise towards the most profitable
opportunities.

— pneed recognised among users. Need recognised before technical
solution. Project intended for specific user or end-product.

_ an active attitude towards the market. Anticipation of a
future market demand. Recognition of an existing demand.

- knowledge of consumer demand is an important factor in success.
Where no deliberate marketing was practised in the interests of
successful development, this circumstance had a decisilve role
in failure. If the innovation formed an integral part of the
marketing policy of the enterprise, the chances of success
improved significantly.




— the great majority of successful innovations arise in order
to meet a customer need. This is particularly true for
ineremental innovations. Successful innovators interact
strongly with customers during development. Successful firms
have a 'market' rather than a 'technical' orientation. Most
progressive firms possess a formal marketing policy.

Good technical service

— the avoidance of technical after—sales problems by good
development work is important to success. Successful firms
pay more attention to user education.

- successful operations were furthered by the adequate
preparation of consumers.

- good technical service to customers

- successful firms had no initial difficulty in marketing the
product

— successful firms provide an efficient and reliable after-sales
maintenance service. Successful firms mount comprehesive
operator training courses. These factors are particularly
critical in the case of radical innovations.

Forecasting

— in successful innovations systematic sales forecasting was
undertaken. Successful firms rated the prospects of technical
success lower.

- prior to introducing the new product, predictions were made
regarding the new product.

- a readiness to look ahead

- in the majority of successful radical innovations systematic
sales forecasting was involved in the decision to add the
innovation to the firm's product lines.

Technical and power promotors

~ the executive in charge of success has more responsibility,
higher status, higher authority, more enthusiasm, more
snvolvement. Associated with success there 1s a clearly
identifiable technical innovator. In successful firms there
is a product champion

— an element of success is if the head of the Research and
Development department had considerable experience and his
sphere of interest in Research and Development management has
been increased. The same is true for the project manager.
Tn successful projects, the project manager had more commitment.

— outstanding person in a position of authority who makes special
contribution to the innovation. Other person, e.g8. & 'mechanical
genius' or someone who possesses a unique form of knowledge
that would otherwise not have been at the disposal of the firm -
he is particularly important in innovations embodying large
technological change.

- project was initiated by firms top management



- success is promoted by enthusiastic top management.
Enthusiasm, technical innovators and product champions have
played decisive roles in fostering success. These individuals
are particularly effective when the management structure is
horizontal and decentralised and when management style is open
and consultative. The clear will of management to innovate
is important.



EXHIBIT 27 : Some factors contributing to failure and delay in

innovation.

Market related factors

- made no enquiries of users

- made too few or wrong kind of enguiries, picked a typical users

- made enquiries but ignored answers

- misinterpreted or misunderstood answers

- committed to a preconceived design

- made user enquiries but no on-the-spot investigations

- market research neglected or ignored

- neglect of publicity or underinvestment in marketing effort

- fallure to educate users

- unforeseen changes in the market (e.g. demand falls, price
falls, low cost substitutes etc)

- competitors developed new products much faster

- inadequate information about competitors

- defective marketing activity

- too expensive to be competitive

- potential market too small

- insufficient marketing and servicing resources available

Technical factors

- poor or incomplete development work

- over—dependence on outside technology, lack of in-house
capability

- insufficient resources for development work

- unexpected superior competitive technology

- belated supply of materials and parts

- lack of contact with research and production

- impractical design, technically 'nice' but lacks commercial
performance

- incorporation of unnecessarily complex features

~ competitors patents too strong

- problems with new production techniques

Management factors

- project not taken seriously by top management or not integrated
into company strategy

- inadequate project evaluation or control

- failure to communicate with critically important outside
interests

- business innovator too junior, weak, inexperienced or not

present



powerful committed but mistaken product champion

few development personnel with experience in determining
economic factors

potential not recognised by management

remote, uninvolved business innovators

secretive inventor/hostile business innovator

general lack of experience in new area

poor internal/external communication

overattachment to old, traditional designs on behalf of
management



Factors (a) to (k) are those in which all the studies considered show

significant agreement: in addition a number of other factors emerged

which are felt to be of interest. Rothwell summarises the general

characteristics of all the factors as follows:—

good communication and effective collaboration: Successful
innovators, while enjoying good intra-firm communilcation,
establish efficient communication links with outside scientific
and technical establishments and make deliberate efforts to
survey potentially useful externally generated ideas..... the
studies emphasise the role played by individuals ('informal'

as opposed to 'formal') communication channels in the

retrieval and dissemination of useful information..... it appears
to be important..... for the innovatcr to collaborate with
potential users from an early stage in the innovation process,
thus ensuring that he gains a full understanding of user needs -
and an appreciation of the conditions 1in which the innovation

will be required to operate.

innovation as a corporate wide task:— innovation is not, as
many managers appear to believe, simply a matter of Research
and Development, but should involve inputs from the production

and marketing departments throughout the course of the project.

efficient development work:-— this factor..... highlights the
need for efficient Research and Development procedures and
underlines the prime importance of eliminating technical bugs

before the innovation is launched onto the market.
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(a) planning and management techniques:- careful project cost
control procedures, careful production planning and control,
and a readiness to look ahead and attempt to make meaningful
sales forecasts, all appear to make some contribution to

success.

(e) quality of management, personnel policy and management style:
top management should be open-minded and progressive.....
this factor reflects the importance of possessing management
of high quality and ability, of having the capacity to
attract talented people and of formulating an effective training
policy..... successful innovation tends to be associated with
an open-horizontal management style..... it is within such a
framework that imaginative middle—manégement can function most
effectively in stimulating and championing innovations and in

which in-house entrepeneurial activity can take place.

(f) marketing and user needs: the majority of successful innovation
(on average 75%) arise in response to the recognition of a
need of one sort or another (need-pull) as opposed to the
recognition of a new technical potential (technology-push).

Tn those cases where a new technical potential does become
available first, then successful innovators determine that a
need exists before they proceed with the project and take

great paints to determine precise user needs and to interpret
them in the design of the new product or equipment. Failure 1s
associated with the 'we know best' attitude..... success 1s
furthered by an active marketing and sales policy, while
failure is associated with the 'take it or leave 1t' approach

to the marketplace.



(g)

(h)

after sales service and user education: it 1s essential to
provide a good technical service to customers..... it 1s also
essential to train users in the right use and limitations of
the innovation. Adequate preparation of customers can
circumvent many reputation-damaging after-sales problems which
are the result of user lgnorance rather than any malfunction

on the part of the innovation.

key individuals: there 1s no doubt that success is assoclated
in particular in the presence of the firm of one or two 'key
individuals' (product champion, business innovator, technical
innovator) who are committed to and who enthusiastically support
the innovation...;.to be fully effective, moreover, the business
innovator must have sufficient power and authority to positively
affect the course of the innovation, which means that he should

hold a place high in the firm's hierarchy.

other factors: success is also correlated in some studies with:

willingness to look outside the firm

the firm's attitude towards the need to establish strong

contacts with outside scientists and technologlsts

- good forward planning

- adequate resource allocation

- combining radical and incremental projects in the innovation
portfolio

- Qovernmental and other outside agencies 'lending & hand'
e.g. making risk capital avallable.

— give of firm - large firms penefit by being able to generate
and exploit more radical innovation: small firms are more

Tlexible and can respond to needs more quickly.
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Rothwell summarises the findings of these studies by stressing the

essentially pluralistic nature of explanations of the innovation process.

"Technological innovation is a complex technico/socio/economic process
which involves an extremely intricate web of interaction, both intra-
£ivm and between the firm and its economic, technical, competitive
and social enviromment'. (cf Utterback et al definition, quoted

earlier).



Surveys covered in Exhibits 26, 27

Project SAPPHO - comparitive analysis of 'paired' successful and
unsuccessful innovations in chemicals and instrument industries.
43 pairs (22 chemical, 21 instruments) on an international basis.

Decisive success/failure criteria were commercial.(Rothwell 1973)

Hungarian SAPPHO - extension of above technique to 12 'pairs' in

Hungarian electronics industry. (Szakasits 197h)

Carter and Williams - study of 200 technically progressive firms

in UK. (Carter and Williams 197TL)

Myers and Marquis - characteristics of 567 successful technological
innovations in 5 USA industries - railroad supplies, housing supplies,

computer manufacturers and suppliers. (Myers and Merquis 197h)

'"Wealth from Knowledge' - comparative analysis of the factors in
success and delay 1in 8l cases which won the UK Queen's Award for

Tnnovation, 1966-69. (Langrish et al 1972)

Belgian study - study of innovation strategy and product policy

in 12 Belgiam firms over 10 - 15 years. (Hayvaert 1973)

Dutch study - study of 45 firms in Dutch metal working sector

between 1966 and 71, based on relative innovative capacity.

(Schock 197h4)



MIT study - study of success and failure factors in innovation over
a sample of 164 innovations from UK, France, West Germany, Netherlands

and Japan. (Utterback et al 1975)

Textile study — study of success and fallure factors in textile
machinery industry, 20 firms, international. Covered incremental
and radical - 20 radical, 15 incremental 1n success, radical, 10

incremental in failure. (Rothwell 1976)
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Some other general studies of innovation

Sample
Author Industries studied Size
Arthur D. Little, Inc. Textiles 12
Machine tools 6
Construction 8
Semiconductors 12
Carter and Williams 116 British firms 0L
Enos Petroleum refining (processes only) 11
Other industries 35
Goldhar Winners of Industrial Research Award 108
Hamberg Major innovations 1946 - 1955 o7
Jewkes et al Major innovations 1900 - 1945 61
Langrish British innovations given
Queen's Aard in 1966 and 1967 51
Mansfield Iron and Steel Lo
Petroleum refining 66
Bituminous coal 28
Railroads 10
Miller Steel products arnd processes 12
Mueller DuPont's major innovations 1920-19L9 25
Myers and Marquis 9 railiroads 79
1L railroad equipment suppliers 125
53 housing suppliers 196
12 computer manufacturers 90
23 computer equipment suppllers 77
NSF-11T Magnetic ferrites
Video type recorder
Oral contraceptive pill 5
Electron microscope
Matrix isolation
Peck Aluminium 194
Robertson et al Chemicals 3k
Secientific instruments oL
Sherwin and Isenson Weapons systems 20
Tannenbaum et al Major materials developments 10
Instruments 32

Utterback



EXHIBIT 28 : Other general findings

Maclaurin (1950) _ found that the quality of entrepreneurial
leadership is related to successful innovation.

Hamberg (1963) . _ found that the size of industrial Research and
Development laboratories was significant, the larger ones are likely

to be minor sources of major innovations and major sources of minor
ones.

Williams (1967) — found that the more successful innovating firms
nad a higher proportion of scientists and engineers in the top
echelons.

Scherer (1965)

Hamberg (1966) ~ found that gigantic scale is far from and
essential condition for vigorous industrial Research and Development
activity and that bigness may be a stifling factor.

Williamson (1965 - found that research intensity and innovative
effort appear to decline where industrial concentration is high
and firms are few and very large.

Mansfield (1963) - found that, given a corstant size of firm, the
number of significant inventions developec. was related to the level
of Research and Development expenditure. The productivity of
Research and Development departments is lower in larger firms than in
smaller.

Meadows and Marquis (1969) — found that firms spend 60% of their
Research and Development resources oOn innovations which fail, because
unsuccessful projects have greater excess costs on average than
successful ones.

Schwartz and Goldhar (1975) - gstudies of prizewilnners in innovation
— found that there were six environmental characteristics conducive to
innovation - easy access to information, free flow of information in

and out of the organisation, rewards for sharing, seeking and utilising
'new' (externally developed) information, rewards for risk-taking,
rewards for accepting and adapting to change and encouragement fo
mobility and interpersonal contacts.

Pelz (196L) - studies of research environments - found that.
although scientists sald they desired freedom, autonomous scien?lsts
were not necessarily superior in performance. The most proqu?tlve
researchers were those who had substantial influence on decision-
makers, but who allowed their choice of technical goals to be influenced

by several other persons and groups.



Gordon and Marquis (1963) . — found that innovation tended to occur
*5 those areas of the organisation where conflict was tolerated, i.e.
where management influenced the goals of the researcher but where there
was a low ratio of specified procedures.

Gordon, Marquis, Anderson (1962) - found that maximal freedom
alone did not lead to high rates of innovation. Motivation to
innovate was dependent upon the observability of the conseguences
of the innovative activity.

Ben-David (1960) _ gtudies of medical innovations - found that
major innovations tended to be developed by scientists who were
marginal to medicine, and academic institutions of medicine tended to
depress innovation by their insistence upon specific approaches to
science which allow few tangential pursuits.

Allen (1965) _ studies of matched cases of problem-solving groups
— found that ideas and solutions which are considered to have a high
probability of success initially tend to persist over a longer period
of <time than those ideas which are assigned lower success probabilities,
even when there are indications that the idea will not be successfu.
When an idea is dominant, inertia develops which tends to limit the

search for alternative ideas.

Allen and Marguis (1963) - studies of biasing sets — found that
sets develop based on previous solutions to problems which are then
transferred inappropriately to new problems and have a negetive effect
on problem-solving.

McLaughlin, Rosenbloom and Wolek (1965) - studies of information
acquisition patterns - found that technical communication was primarily
oral and face-to-face and that most of the information acquired by

the researchers was through in-house sources.

Witte (197T) - studies of 233 computer introductions in Germany,
particular interest in the champion/promoter concept - found five types
of influence structure.

- 87 adopted through technical know-how/power agents working in tandem
- 37 adopted through unilateral power agents influence

- 43 adopted through unilateral know-how agents influence

- 16 adopted through individual combining both skills

~ 50 no promoters involved in adoption

Battelle Laboratories (1973) _ yanked the 21 most important
factors in innovation success OT failure — found that most important
were recognition of technological opportunity or need and the
management venture decision. Least important were formal market
analysis and macro-political and social factors.



Rubenstein et al (1976) - report on the Program on management
of research and development (POMRAD) at Northwestern University

— found the following factors were significant in innovation
success:

~  effectiveness of communication, especially technical-marketing,
and technical customer links

- gcientific and technical competence

- presence of a champion

- recognition of market opportunities

- recognition of technical opportunities

- degree of top management interest

- competitive factors

- timing



EXHIBIT 29 : General findings in adoption, diffusion and technology
transfer areas.

In essence there have been four perspectives on diffusion research.
The first involves the 'avalanche', 'snowball'! and 'chain reaction'
models proposed in numerous studies - and the more recent S-curve
generalisation due to Warner (197h).

In the second area, this sigmoidal relationship is assumed and
studies focus on comparison of curves for firms and nations: attempts
are made to isolate key determining variables like profitability and
relative advantage. Other economic and sociological factors
influencing adoption and diffusion are also included in this area of

study - e.g. the role of capital availability or management attitudes.

The third perspective refers to the "technological gap' theory of
international trade. This approach focuses on the temporal differences
among nations in inventing, producing and imitating technology:
obviously the idea of leads and lags is intimately related to many
other contextual factors and most studies bear out this view.

Finally there is a significant area of study of envirommental factors

and their influence on adoption and diffusion. Here interest centres
on issues such as government policy, resource allocation, educational
levels, absorptive capacity for change etc.
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EXYHIBIT 29 cont'd. : General studies 1n the field of adoption, diffusion,
and technology transfer.

Griliches (1957) - study of hybrid corn diffusion - concludes that
the socio—economic standard of living and the relative importance of
the crop, and the total capital per farm were not significant in
explaining adoption patterns.

Nabseth and Ray (19Tk4) — studies of major innovations including
the basic oxygen process for steelmaking, special presses and
shuttleless looms for weaving — found support for the 'accelerator'
theory of investment (i.e. increase in demand draws 1lnvestment in new
productive capacity) as opposed to the 'vintage' model (i.e. with given
demand, new processes will be introduced more rapidly in firms with

old rather than new capital equipment, because replacement of eguipment
is more urgent for the former). Capital availability 1s an important
faccor in adoption. The presence of international contacts had some
importance in explaining the diffusion of shuttleless looms and special
presses: firm size was important in the diffusion of the presses but
not the looms. Attempts to categories 'management aggressiveness' as
opposed to 'passivity' did not show a differentiating relationship with
diffusion: other attempts at measuring and relating management  and
organisational attitudes were also unrevealing.

Hufbauer (1966) _ studies of export snares for plastics and synthetic
rubbers and man-made fibres - found that the initial technological and
marketing advantages of being an early producer yield, in time, to

stable scale economy advantages..... "glthough many developing nations

have lowered their lags relative to the advanced countries, thelr

export shares have failed to grow because North America and Europe

have exploited the advantages attending size".

Tilton (1971) _ studies of the imitative lags in the semiconductor
industry of Britain, France, W. Germany and Japan relative to the U.S.
(via regression analysis) - found these lags were considerably greater
than zero and that only Japan has managed to reduce the lag during

the ten years 1960-T0.

Sean (1973) - study of synthetic rubber diffusion amongst a varied
group of nations - found that the date of technology acceptance 1s
explained by an awareness of foreign competitive threats and by the
domestic market size. National rates of diffusion are significantly
explained by the date of technology acceptance, the rate of growth of
the domestic industry and the threat of imports.

Schott and Miller (1975) _ studies of export shares to explain
competitive positions in the LDPE cindustry (which 1is characterised
by major process improvements) — found that imitative lag models
(with varialbes accounting for process change decisions included)
fitted the facts well.



Bar-Zakay (1974) - studies of technology transfer from the defence
to the civilian sector in Israel, paying special attention to
organisational factors — found that for successful transfer,
organisations should prepare technology specifications and accept
recipient personnel for work, as well as allow 'donor' workers to work
at recipient organisations.

Spencer and Woroniak (1967) - studies in Japanese industry of

the mechanism by which adopters became aware of technological innovation
- found that the growth of output of manufactured goods connected with
advanced technology is closely related to the nation's own planned
predetermined allocation of resources and the import of technically
advanced raw materials and machinery. Japan's absorbptive capacity'
appeared to depend upon national educational and technical levels,
science and research efforts, foreign contacts and government policies.

Woroniak (1970) - studies in W. Germany of the same factors -
found the absorbtive capacity depended upon international liquidity,
foreign contacts, school expenditures and engineering imports (used
as a measure of the technological level of the economy).

Barquin (1973) _ studies of ILatin American countries and their
potential for developing a computer industry - attempts to predict
potential using economic, educational and technological statistics

which he argues are the determinants of this potential.

Bernhardt (1970) ~- study of catalytic techniques in medium size
petroleum-refining firms.

and Sutten (1975) - study of third generation computers - found

that uncertainty regarding an innovation is a major determinant in the
transfer process.

Bundgaard-Nielson and Fiehn (1974) - study of catalytic reforming
processes in the U.S. petroleum industry - found that the firm's
technological background, strategic pressure and size are related to
diffusion.

Lakhani (1975) - study of petroleum refining - found that the
greater the percapita expenditure on water pollution in a state, the
faster the diffusion of hydrocracking technology in private firms
within the state.

Globerman (1975) ~ study of the carpet-making industry - found
that differences in demand elasticity between the U.S.A. and Canada
partially explained the lag in Canadian adoption of the tufting process.

Ettlie (1973) - studies of successful utilisation of numerically
controlled machinery in Chicago firms - found that the shop floor
location of the machines, the degree of commitment to NC machinery,
the sophistication of programming, the selection of machines based on
tasks rather than vice-versa, employee training, & history of exposure
to NC machinery, and internal communications were all associated with
successful utilisation.



Radnor, Rubenstein and Tansik (1970) . — found that the urgency

of the problem to which the technology is related will have a significant
effect on the firm's willingness to adopt that technology (cf also
Knight 1967). The availability of financial and personnel resources

is dependent upon top management support for the project and
organisational and external envirommental conditions, and is related

to the degree of implementation.

Denver Research Institute (1970) - studies of NASA 'Tech. Briefs'
(descriptions of NASA technologies that might be adopted for commercial
and other use) - found that the more mature the technology, the more

likely new technology will find acceptance.
Clarke (1968) - studies of liquid propellant rocket engines
Knight (1963) . — studies of digital computers

- found that the history of innovation in these technologies consisted
of a number of small, discrete innovations, that many of the improvements
in performance occurred as the sum of numerous routine production and
engineering innovations and that more minor innovations occurred than
radical ones: this again relates adoption success to technological
maturity.

Nelson, Peck and Kalacheck (1967) - found that the state of the
scientific base was related to the capacityto achieve technological
advancements and thus to the potential fo.- adoption success.

Stewart (1969) - found that transfer of technology is affected
by the scale of investment: management tends to be more conservative
about incorporating new technology from the laboratory or from external
sources when the investment is large. Top management can work to
overcome resistance to innovation through its control of departmental
funding and the organisation's reward mechanisms.

Rogers (1962) - found that the quality of information received
from the source about the innovation will affect the degree of success
of adoption. The financial position of the potential user affects

the adoption decision: wealth and innovativeness are related.

Holloman (1966)

Kimball (1967) - found that one of the primary limitations on
an organisation's ability to innovate is the absence of people with
adequate technical knowledge and a broad enough technical viewpoint
to ensure the success of the innovation.

March and Simon (1958) - found that the extent of top management
involvement affects the innovation process 1n several ways. It
influences the institutionalisation of innovation, the mechanisms of
communication and coordination and the time pressure for completion

of an innovation.

Guetzkow (1967) - found that the existence of organisational
'slack' provides an increased capability to absorb error and a noticeable

ethos for risk-taking.



Carter and Williams (1959) - found that 'technical progressiveness'

1s related to the general quality of the firm, and attention to

other aspects of this quality - e.g. management efficiency, salesmanship,
market research - helps to create the conditions for technical progress.

Barnes (1960) found that organisations differ, particularly
along the dimension of open/closed systems, in providing adequate
environmental arrangements to facilitate achievement of 'organised
efforts' to adopt new technology.

Burns and Stalker (1961) - studies of the electronics industry

in UK - found a dimension of organic/mechanistic organisation which
characterises the flexibility within the system. In general 'organistic'
systems are effective for uncertain tasks and environments whereas
'mechanistic’' systems are effective for stable and programmed

activities and environments.

Lawrence and Lorsch (1967) - studies of product innovation in plastics
and other industries - found support for Burns and Stalker's work and
that the mechanisms for conflict resolution are important in
determining the relative success or failure of comparable firms to
innovate. In particular, confrontation was used to a significantly
greater degree and 'smoothing' to a lesser degree in high performing
organisations than low performing ones.

Barth (1970) ~ studies of communication among task-interdependent
Research and Development groups - found that modes of conflict
resolution affected the communication process and indirectly the
adoption process.

Ozanne and Churchill (1968) - studies over five years of the
industrial adoption process - found that a decision-making group is the
most likely unit of adoption in the diffusion of industrial innovations.

Wright (1969) (118) - found that the adoption of process innovations
was more heavily influenced by technical than business factors.

Chakrabarti and Rubenstein (1976) - studies of NASA innovations
and their diffusion - found that top management interest was important
in the produce cases only and that the success of process innovations
was dependent upon the quality of information and the specificity of
relationship between the technology and some recognised existing problem.

Hayward, Allen, Masterson (1976) - studies of flour-milling
industry in UK - found that the perceived characteristics of innovations
(trialability, cost, advantage etc.) may be correlated to the time taken
for them to diffuse throughout an industry.

Globerman (1976) ~ — studies of diffusion in the Canadian tool
and dye industry - found that in spite of close industrial ties with
the USA, over a reasonably similar period, the rate of diffusion in
the US industry was four times that of the Canadian one.



Hayes (197hL) - studies of competitive pressure in the computer
industry in Europe and USA - found that the European industry was
under strong pressure to merge across national boundaries in order

to create one or several large firms, to drastically reduce costs and
standardise product lines and to compete more vigorously on the basis
of services aimed at specific customer requirements.



EXHIBIT 30

SAPPHO Project — Factors in Success vs Conventional

Wisdom (based on Science Policy Research Unit report)

Conventional Wisdom

1.

Managers are well aware of
user needs and take great
care to ascertain them before
committing funds or launching
new products.

Large-corporation management 1s
almost always able to plan new-
product launch and through
marketing power, etc. ensure a
satisfactory degree of
adoption.

The small firm will usually

be more efficient at invention
and innovation than the large
because of easy communications,
single-minded effort, and
whole-hearted commitment of
the entrepreneur.

Successful innovation depends
on good Research and
Development project evaluation
and control, with appropriate
incentives for project
engineers and scientists.

VNG

SAPPHO Finding

1.

2.

Managers frequently ignore
user needs, do little or
no market research or
disregard its findings.
Commonest contribution to
loss.

In the capital goods industries
no firm is normally able to
impose its plans on the

market. A smaller firm which
has grasped customer
requirements better will

beat a larger firm. Without
competition there are

failures by large

corporations.

Size of firm does not appear
to affect the outcome of
competitive innovation.

Size of project team is
associated with success,
whether committed by larger
or smaller firm.

Innovation success bears
little or no relationship
to the method of project
evaluation and control, and
none at all to formal
incentives.

Success is closely related
to the power, responsibility
and experience of the

business innovator.



Conventional Wisdom SAPPHO Finding

5. Successful innovation depends 5. In the chemical industry the
on younger, more enthusiastic successful business innovator
product champions, more ready is usually more senior, has
to reject established ideas more experience and has been
and structures and take bigger longer with the innovating
risks. firm than the unsuccessful.

He is usually older. There
is no clear association
between change in the
management system and
innovation success.

In the instrument industry,
although success 1s also
associated with power and
experience, including
experience abroad,
successful innovators were
often younger and had been
a shorter time with the
firm.



(6)

Models of the innovation process

Arising from the large number of general studies discussed here,

and those carried out in allied disciplines, a number of theorists

have proposed models to account for aspects of the innovation

process. These can be conveniently divided into macro- and micro-

level ideas, the former attempting to generalise about the whole

process and the latter about some detailed element within the

process.

(a)

Macro-level models

Economists tend to be interested in the way innovation
relates to overall development and a large number of models
have been proposed. Schumpeter introduced a two-phase
model derived from Ravenshear (1908) in which a
distinction is drawn between tecinological change, which
'sets the direction which development will take' and
technical change which 'establishes the rate at which

it will proceed'. In Schumpeter's terms, X —phase
innovation is of the 'quantum jump' variety, a leap or
discontinuity which establishes a new production function
changes the course of development irrevocably, needs

high levels of creativity and is ultimately understandable
only with hindsight.GB—Phase innovation is multiple and
small, each change arising from its predecessor and
determining its successor. 1t moves along a theoretical
production function to make it a reality, determines the
rate rather than the direction of change, requires less
creativity and is ultimately as economically important

hecause it optimises scarce resources.



Schmookler's more recent studies of patent statistics led
him to generalise about the economic role of innovation:
Exhibit 31 gives a simplified version of his model.
Langrish et al (1972) indicate a series of models (such
as need-pull, technology-push etc.) which had been
proposed as descriptive of the innovation process: theilr
study did not give strong support to any of these except

the market-pull model.

Fxhibit 32 indicates a different approach due to Cadwallader

this is illustrative of the abstract models
developed by systems theorists and based on cybernetics.
Tpnovation here is viewed as an adaptive device: Mumford
and Pettigrew modify this model to indicate that innovation
as adaptation applies equally w211l to the social systems

involved.
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EXHIBIT 31 : Updated Version of Schmookler's Project Model

(arrow indicates 'determines')
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EXHIBIT 32 : Cadwallader (1969) Cybernetic model of organisations
and innovations.

- the rate of innovation is a function of the rules organising the
output of the system.

~ the capacity for innovation cannot exceed the capacity for variety
or available variety of information.

— the rate of innovation is a function of the variety and guantity
of information.

- a facility mechanism for forgetting or disrupting organisation
patterns of a high probability must be present.

— the rate of change for the system will increase with the rate of
change for the environment.

Mumford and Pettigrew (1975) Sociological interpretation of this

_ the rate of innovation is a function of the ability of the people
concerned with it to accept and to adjust co 1t.

- the capacity for innovation cannot exceed the knowledge and learning
ability of the people concerned.

— the rate of innovation is a function of the variety and gquantity of
information and of the willingness of people to search out and use
this information.

- people must be willing and able to change old ways of doing things.
— the rate of change for the system will increase with the rate of

change for the environment, providing the people in the system are
prepared to recognise and respond to the environment.



Micro-level models

Many theorists are interested in the way in which
innovation synthesises needs and means by a search
mechanism: Knight's model has already been described.
Rubenstein et al, as a result of their extensive
research programme at Northwestern University have
developed an idea flow model which relates to perceived
needs and means (Exhibit 33). Allen and his associates
at MIT have carried out extensive work on communication
patterns and information flows during the preparation
of innovation proposals in Research and Development:

the major contribution of this work has been to identify
the role of the informal structire in communication and,
in particular, the role of certain key personnel who act
as filters. He calls them "technological gatekeepers'
and relates this phenomenon to the two-step flow model
involving opinion leaders which was first postulated by

Katz and Lazarsfield.



EXHIBIT 33 : General idea-generation flow model linking perceived
needs and means (Rubenstein et al 1967).
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Adoption models abound in the literature: Exhibit 3L indicates
some specific types identified and described by Ross (197h)

Katz, Levin and Hamilton (1963) . identify seven key elements
which must occur in any model of the adoption and diffusion
process. These are the acceptance over time of some specific

innovation by individuals, groups or other adopting units linked

to specific channels of communications to a social structure

and to a given system of values or culture. The similarity of

this model to the Rogers and Shoemaker (1971) one is apparent.

At the individual level, Barnett (1953) developed a model
incorporating six sequential stages: configuration of idea,
recombination, identification of relevant new ideas, substitution
of 01d ideas, discrimination between ¢ifferent ideas and final
evaluation of losses and gains associated with the different
ideas. The main feature of interest here is the influence of
emotional, and consequently irrational, elements of the
individual's psychological process 1n innovative behaviour.
Acceptance of an idea is based on its perceived superiority to

other available ideas, and is related to individual needs.

Foster (1962) follows a similar theme, arguing that
'people often are unwilling to change their ways because of
cultural and social and psychological factors'. He views
economic gains and competitive pressures as the main motivating

devices for innovation.



Such an approach assumes a strong element of rationality and
relates well to the decision-making approach used by many writers
and described by Rogers and Shoemaker's (1971) paradigm (discussed
earlier). Decision theory runs developed from Taylor's (1965)
economic man' acting under conditions of certainty to the

Carnegie school's approach (Simon et al 1957) which attempts a
more realistic approach, based on the concept of 'bounded
rationality'. 'The capacity of human mind for formulating and
solving complex problems is very small compared with the size

of the problems whose solution is required for objectively

rational behaviour in the real world'.

Support is thus strong for the Rogers and Shoemaker model which
incorporates innovator and adopter cha "acteristics and 1is
essentially subjective in nature. Witte (1976) has carried

out extensive research on the 'promoter' phenomenon (also
reported by Geshka et al (1976) . this is an extension

of the product champion/top management influence idea. His
two—centre model suggests that there are five possible 'promoter
structures' and these are related to the adoption success:

these are

- no promoter

knowledge (fach-promoter) only

power (machpromoter) only

[

key individual combining both functions

tandem teams of mach and fach promoters.



At the organisational level, Gruber and Marquis (1969) suggest
a model based on sequential probabilities of success in stages
such as research, development, production, marketing etc.:
Schon (1967) has a similar approach based on studies of product

design processes.

The key element here is the need to dismiss as myth the 'rational'
view of innovation as 'an orderly, goal directed, risk-reducing
process': there is a constant interaction between 'need' and
'technique' which varies in character and with the necessary
component uncertainty. Myers and Marquis (1969) attempt to
develop a problem-solving approach to their model, in which the

decision process for adoption involves consideration of

( i) the estimated probability of technical success
( ii) the estimated cost cf development

(iii) the estimated time for development

( iv) the estimated probability of commercial success

( v) the estimated return to the firm if successful

Chakrabarti (1973) argues that there are six factors which are
important to understanding and modelling the adoption process

in organisations: these are:-



organisations are viewed as open systems in their behaviour.

innovation in organisation involves the enviromment as well as

the members of various subsystems within it.

decision for innovation (i.e. adoption of a new technology,

elther new product or new process) should be viewed as an investment

decision.

the characteristic of an innovation decision vis a vis an ordinary
routine investment decision would be in the difference in handling
the uncertainty associated with the innovation. (A distinction
should be made between risk and uncertainty. Risk means the case
where one knows the probability distribution of the outcomes of the
action, whereas uncertainty denotes the condition where one does

not have a probability distribution for the outcomes) .

organisations vary 1n their capability for handling uncertainty
either by institutional arrangement and/or by thelr member

characteristics.

economic, social and psychological factors influence innovative

behaviour in organisations.
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Mohr (1969) also suggests a model based on overcoming
resistances: he suggests that 'innovation is directly related
to the motivation to innovate, inversely related to the strength
of the obstacles to innovation and directly related to the
availability of resources for overcoming such obstacles'.

The model is essentially multiplicative, and sees innovation

as a function of motivation and the balance between obstacles

and resources.

Atkinson (195T7) has a model of risk-taking behaviour in
terms of individual psychology, whilst Dickson (1977)

attempts to interpret this process statistically: this is in

keeping with many decision theorists, e.g. Slovic and Lichtenstein

(1968) . The central issue here is one of expectancy as
the key factor in the adoption decision. Child (1973)

examines this notion in terms of political rewards and costs.
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EXHIBIT 3k : Some models of innovation adoption (Ross 197h4)

(a)

(b)

(c)

'strong leadership' model -~ adopt innovations under the
direction and insistence if necessary, of the administrative
or functional head of the target organisation.

rational change/management by objectives model —~ adopt
innovations by

having the target organisation sense problems or needs,
develop alternative solutions

evaluate alternatives using specified criteria

select and adopt one alternative

follow up to observe achieved results.

N TN N TN N
VUl Ew
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response to need/squeaking wheel' model - adopt innovations
only after a need or problem located either in the market or
in the organisation itself, is clearly recognised: then
tailor the innovation to the need.

internal change agent/organisation development model - adopt
innovations as a consequence of the active influence of one

or several people working in the target organisation who
facilitate communication and group attention to group objectives,
acting in self-conscious and sorially recognised ways, to
produce continuing attention to adoption of a particular
innovation or of innovations in general.

adopting competitive practice/'lighthouse' model - adopt
innovations by observing a demonstration in a similar
organisation, then modify or copy it for use in the target
organisation: cause target organisations to adopt innovations
by demonstrating the innovation in actual operational use.

toutside agent' model - adopt innovations by creating an

agency outside the target organisation whose special role is

to introduce innovations, usually through consultati~e practices
or through the requirements of law or other regulation.

incentives for change model — adopt innovations by offering
financial support of a temporary or continuing kind on the
condition that the target organisation adopts a specified
innovation.

s e e



Following Rogers and Shoemaker's model of communication of

innovations, Exhibit 35 indicates how some of the

characteristics might affect the positive or negative

outcome of the innovation.

(a) Model of communication of innovations

Source

Message

N
Channels

Vo,
Receiver

Effects



EXHIBIT 35 : Negative and positive characteristics in innovation

communication.

Sender:

company objectives unclear

no clear role obligation

primary receiver poorly defined

negative self-image

lack of receiver support

'distance'

without warning

technical uncertainty

low situation relevance

inadequate preparation

inadequate grasp of potential

prior faillure

low peer support

technical incompatibility of scheme

fear of exposure, convention-—
breaking, ridicule

low motivation

Transmission:

inadequate channel, poor usage

wrong mode, style

misfit between verbal and non-verbal
elements

high physical noise

lack of shared concepts, language

poor feedback high message
uncertainty

unsuitable timing
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company objectives clear

clear role obligation

primary receiver clearly defined
positive self-image

definite receiver support
'closeness'

prior intimation

technical assurance

high situation relevance

careful preparation

clear perception of potential
prior success

high peer support

technical compatibility of scheme
self-confident

high motivation

adequate channel, good usage

correct mode, style

match between verbal and
non-verbal

low physical noise

shared concepts, language

good feedback, low message
uncertainty

suitable timing



Primary Receiver:

apparent irrelevance, lack of
situation fit

complexity

lack of appeal 1in general

pressure of current work,
overload

low technical interest

apparent unworkability,
incompleteness of data

apparently irrational, strange,
lacking credibility

from 'wrong' person, lacking
personal support

prior failure through listening

desire for quiet life

fear of failure, exposure, ridicule

lacking curiosity

tired, under stress

highly specialised

narrow information intake normally

many and variable predispositions

Advantage/interest:

inadegquate profitability
high demand for resources
company need unlcear, low significance

much time required

technically difficult

involves other commitments

unfashionable

low personal identification,
achievement

low apparent fit with company
objectives

little search made for alternatives

poor prior evaluation

mismatch between initial proposal
and decision-maker

need for forced vote and narrow
majority

low trialability

complete package requirement

mismatch with top management demands

unacceptable level of overall
uncertainty )

inadequate analysis of uncertainty,
use of date

incommunicability of uncertainty

unfavourable potential consequences

lack of resources

_ 00 -
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apparent relevance, situation
fit

simplicity

'eye-catching'

relates to current work
interests

high technical interest

apparent workability,
good data

clearly logical, familiar
credible

from 'right' person

prior success through listening

willingness to try anything

self-confident

high in curiosity

fresh

generalised background

cosmopolite

few and predictable
predispositions

high profitability

low demand for resources

clear company need, high
significance

low time required

technically acceptable

' free-standing'’

fashionable

high personal identification
success

good fit with company
objectives

good search made for alternatives

high quality prior evaluation

matceh between initial proposer
and decision maker as well
as intermediary

consensus possibility

high trialability
piecemeal approach possible
match with top management demands
acceptable level of overall
uncertainty
uncertainty analysis, with
with data use
communicability of uncertalnty
1ack of unfavourable consequences
resource availability



Reservations and limitations

This chapter has attempted a brief overview and summary of the
current state of knowledge about the process of technological
innovation. Inevitably there have been many attempts to
generalise from this information but recent discussion
(Utterback 1975, Downs and Mohr 1976, Rothwell 197T) suggests

that any conclusions drawn need to be carefully qualified.

The argument is essentially on a conceptual level: Downs
and Mohr identify factors which they consider to be key sources
of inherent 'instability' in the body of data on innovation.

These are:

(a) variations among primary attributes
(p) interaction
(¢) ecological inferences

(a) varying operationalisations of innovation

They suggest that until research designs take these factors into
account, it is impossible to arrive at a general theory of
innovation. The alternative is to reject the notion of a
unitary theory and postulate a series of distinct types of
innovation, each characterised by a separate theory. (Rowe

and Boise 197h) These theorists may include different

variables or they may contain the same explanatory variables
while positing different interrelationships among them and

d4ifferent effects upol the dependent variable.



Taking their four categories individually:-

(a) variations among primary attributes - primary attributes
of innovations are held to be those which place an
innovation in the same category irrespective of the size,
wealth, structure, complexity etc. of the organisations
involved. By contrast, secondary attributes are those
in which classification requires that organisational

factors be taken into account.

The consequence of this for innovation theory is that if
the variations observed in the research findings were of
primary attributes, then a whole series of theories would
be required to account for this. However, nearly all
studies reported have tended to be based on secondary
attributes and so it is possible to accept the often

significant variation between them.

A similar typology can be applied to other units in the

process e.g. attributes of innovators or adapters

(b) They suggest that one way of coming to terms with the
problem of interaction of secondary attributes is not
to think of them as composed wholly of the characteristics
of the innovation or the organisation but as

characterising the relationship between them. From this

perspective, secondary attributes can be viewed as
variables that characterise the circumstances surrounding

a particular decision to innovate rather than complex

interactions.
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ecological inferences — many studies have employed the
strategy of treating a whole series of innovations as an
aggregate in an attempt to increase the reliability and
generalisability of the findings. However, the flaw in
in this argument is that the inference from the collective
or ecological level to the individual may be bilased or
variable. Such a fallacy will occur when the independent
variable in the study is a secondary attribute, i.e. one

whose value differs from one innovation to another.

variable operationalisation of innovation - this element
of instability arises because measuring innovation has
tended to focus on certain aspects only. TFor example,

the adoption process can be se=n as involving a first
adoption or use (or a rejection) or can be seen as having
degree and extent over time: the latter is far more
difficult to measure and is consequently rarely used.

Yet this operationalisation may in fact be more meaningful
in terms of clarifying certain aspects of adoption behaviour.
They suggest that, in cases of this kind, it would be wise
to conceive of the two operationalisations as two different
behaviours to be explored. As they rightly point out,

'if one attempts to ignore the instability and generalise
impressionistically about the impact of a specific variable
across a number of studies that operationalise innovation
differently, the result will be an unenlightening average
that would depend on the proportion of studies having

employed each operationalisation’.
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From their accurate criticism of the present state of
innovation research, they have developed a series of
guidelines for future work.

( 1) use studies of different innovations to expose
the impact of primary attribute variations on
models of innovation. This will involve
observing and reporting the primary attributes
of innovations and restricting generalisations
from a given study to innovations in the same
category of a primary-attribute typology rather

than expecting all results to be identical.

( ii) measure the secondarv attributes of innovation
with respect to each organisation and consider

them as characteristics of adopters.
(ii1) use interactive models.

( iv) do not conduct multiple innovation studies in
which the organisation is assigned on aggregate

score for innovation.

( v) recognise that extent of adoption and time of
adoption are distinct conceptualisations of
innovation. Do not generalise from one dependent
variable to the other. Do not use either as a
comprehensive measure of innovativeness. There
is not a single, unitary theory but rather different

theories to explain different aspects of innovation.



study the adaptability of innovations by using
either many innovations in relation to one single
organisation or by using the innovation-decision

design.

Rothwell (1977) echoes many of these points in his comments

on the limitations of past innovations studies. His

criticisms are as follows:-—

(1i1)

most studies have concerned themselves with project
execution varialbes whereas success/failure may
also be associated with project selection

variables.

the measures considered in most innovation studies
refer almost exclusively to endogenous factors
and exogenous factors such as the role of external
legislation, competition etc. are rarely examined.
This is likely to present a biased view of the

innovation process.

the results of most innovation studies tend to be
presented in the form of a series of horizontally
linked areas, usually of specialist competence.
Whilst vertical links, such as the management
role, may be implicit in these explanations, it
might be of more value to specify these in an

explicit fashion.
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most studies have been of major innovations and,
with some exceptions, the field of incremental
innovations has been largely unexplored.
Evidence indicates that not only does the
cumulative effect of these play a major role in
innovation impact but that the circumstances
surrounding their generation may be different

to those for major innovations.

the cross-sectional studies reported indicate
a wide variation in success/failure factors for
different industries. The implication of this
is that future studies should not cast the net
too widely and that in-depth sectorial studies
would appear to promise to yield the potentially

most meaningful results.

it may be valuable to construct a structural
typology in examining the results of studies - e.g.
multi-level analysis of within-firm characteristics,
firm behaviour variables and manifestations and
results of firm behaviour. This distinction is
important from the policy viewpoint since the

levels are associated with different spans of

change.
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Utterback (1975) also makes a number of points which are

similar in nature, notably:-

- many generalisations are drawn from small,

unrepresentative or incomparable samples.

- the retrospective nature of nearly all the sources
probably means that the process has been viewed as much

more rational and well-ordered than i1t 1s in fact.

- definitive answers will require experiments in the

field.

- these promise to yield valuable information beyond that

available from largely historical sources.

Fischer (1976) comments 'what would appear useful
is the consideration of behavioural, social and political
variables as well as economic variables in refining diffusion

models'.



These authors all lay out some telling criticisms of the way in
which the process of technological innovation has been studied in
the past. The suggestion is that, despite the vast range and
number of studies carried out by many different interest groups,
the actual sum of our knowledge about the process is still limited

and rather too vague and general to be of any great practical value.

Models and theories of innovation can give rise to prescriptive
recommendations, as with Project Sappho, for example. The

problem is that specifying factors like 'good internal communication'
or 'good integration‘and development' as being associated with
innovation success is of little practical use unless information

is also available as to how one achieves or measures these, how

it relates to innovation, how it matches up with other potentially

conflicting demands in the organisation etc.

For this reason, it is suggested that there is a gap in the
literature and state of knowledge about the innovation process.
The research reported elsewhere in this thesis represents an
attempt to investigate this area using the recommended approach

of detailed case study.

Exhibt 36 indicates some typical areas of concern in this research.



EXHIBIT 36

Some areas of concern and interest in the innovation
process.

inadequacy in respect of market (customer linkage; market/R&D

linkage; uncertainty)
motivation
objectives
organisation (communication; cooperation;
coupling; group size;
information; speed)
potential (recognition of)

psychology

resources (availability in general; finance;
people; production; R&D)

style

support (acceptance of responsibility;
resource provision)

technology (methods of attack; product back-up;
product exploitation; product

obsolescence)

understanding of innovation process

Specific complaints:

market:

motivation:

inadequate understanding of customer/user problems,
initial adoption

insufficient emphasis upon value to customer,
back up

lack of need

unattractively small market

uncertainty with monopsonistic buyer

unattractive level of competition

lack of marketing capacity/expertise

lack of market/technology match

company practices inimical to motivation
organisational structure unsuitable
management style out of tune

objectives not clear, not understood
personnel selection incorrect
professional n Ach low



Communication/cooperation/information:

absence of 'gatekeeper'

availability of information inadequate

fragmentation of work

secrecy

need to cross departmental boundaries, associated company boundaries
lack of source credibility (N.I.H., I.H., standing, etc.)

'coding' /perceptual differences, leading to resistance

Resources:

information on resources inadequate (e.g. finance)

shortage of skilled personnel (marketing, production, R & D.)
lack of capacity (marketing, production, R & D.)

lack of R & D. finance; cost escalation

Technology:
inadequate methods of attack; obsolescence of new products

other technology insufficiently developed
product exploitation technology needed

1T Yy



CHAPTER 3 : Theoretical Orientation

From the discussion in the preceding chapter, it is clear that
there is a lack of detailed information about the industrial
innovation process. In particular, whilst there are a number

of clear recommendations as to the effective management of
innovation (e.g. in the SAPPHO and OECD reports), there is little
reported on the way in which these conditions can be brought

about.

This chapter attempts to look at influences acting on the process,
at least as far as they are covered in the literature. A three-
level model of individual, group and organisation activity is
developed. (The arbitrary nature of this split 1s acknowledged;
considering the environment as well would He too large an
undertaking for this chapter. Equally, there will be considerable

overlap between levels). Exhibit 1 presents this model.

Analysis is carried out on the basis of structural, environmental
and contingent factors. By contingent is meant those factors on
which behaviour will depend but which will vary in a number of
different ways. Strategies for coping with and improving the

situation are then considered.

|
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The chapter is organised according to the following system.

Section (1) Individual-level influences
- structural factors
- environmental factors
- contingent factors
-~ copling strategies

- 1mprovement strategies

Section (2) Group-level influences
- structural factors
~ envirommental factors
- contingent factors
- coplng strategies

- 1improvement strategies

Section (3) Organisation-level influences

structural factors

- envirommental factors
- contingent factors

- coping strategies

- improvement strategies

Section (k) Management of innovation

Section (5) Critical review
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The word 'innovation' poses some semantic difficulties since it
is commonly associated with change of various kinds. For the

purposes of clarity, it will be taken to mean technological

change only; all other forms of change - structural, social,

behavioural etc. will be otherwise i1dentified.



EXHIBIT 1 : Possible range of influences on innovative performance

organisation

level ///

group ’;
level o

individual // innovative
level ) outputs

requisite _

inputs 7 7

7// R / -
/
/
%
.
/
f?
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individual level

structural factors (psychology, personality, strengths
and weaknesses etc.)

environmental factors (formal and informal position,
interrelationship with other

individuals etc.)

contingent factors (nature of task, demands, skills
and experience, motivation etc.)

strategies for coping

strategies for improvement

group level

structural factors (size, composition, status distribution,
state of development, personal
characteristics, communication
patterns etc.)

environmental factors (physical setting, functional
position, interrelationship with

other grcups etc.)

contingent factors (task nature, demands, skills and
resources, motivation, leadership etc.)

strategies for coping

strategies for improvement

organisation level

structural factors (specialisation, hierarchy,
differentiation, control, integration
etc.)

environmental factors (enviromment types, diversity,
pressures and constraints etc.)

contingent factors (size, technology, culture intensiveness,
maturity, etc.)

strategies for coping

strategies for improvement



Section 1 —- Individual Level Factors

Technological innovative activity within organisations depends
upon the contribution of individuals; either in a direct creative
capacity or in progressing ideas into practice, taking decisions,
providing intelligence as to market needs etc. Consequently an
understanding of dominant influences on individuals concerned

with innovation will be of wvalue.

Exhibit 2 presents a diagrammatic representation of the approach
adopted in this section. The individual's internal elements -
his psychological make—up and the way he tackles problem solving,
responds to new ideas, etc. are discussed first. Environmental
factors, including his formal and informal roles, relationship

to the communication structure, to other people, to the

physical environment etc. are then considered. Contingent factors
are examined in two categories - those related to the individual
and those related to his job. In the former case, variables will
include his motivation, his responses to the organisation, his
propensity to take risks etc. whilst the latter include the special

demands and constraints which the task imposes.

Strategies which individuals use to cope with these contingencies
and to achieve their goals are then discussed. Finally an

indication of the ways in which planned improvement can be

attempted is given here.

0



EXHIBIT 2 : Individual Level Influences Model
:
— f
objective subjective environmental
contingencies contingenciles factors
~ task demands - motivation - physical setting
- role demands - satisfaction - formal/informal
- cultural - experience roles and
demands etc. positions
} etc. - climates
L - communication
individual patterns
structure - the World
outside
- psychological o ete.
make up
- learning style
- personality
- problem- v -
solving skills strategic objectives information on
- information & | (personal goals and environmental
handling organisational goals) developments
skills '
etc. information on

performance

~

activities planned and
4 unplanned
change
improvement ’ random

strategies

events

level of i
performance
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(a) Structural Factors

(1) Problem-solving activities: the early stages of the

innovation process are concerned with invention and
development; these involve different kinds of
information-processing and problem—solving behaviour.
A brief description of these mechanisms in individuals

1s offered here.

Extensive psychological research has been carried out
in this area; Gregory (1972) lists several theories
of mechanisms to account for creative behaviour
(Exhibit 3). He suggests a classification into
intellectual and motivational categories. Not all of
these are amenable to testing, but evidence supports
some of the later models, particularly of the
information-processing variety. The ideas of Guilford
(1959, 1963) based on a multiple-trait approach are

of interest since they suggest the existence of
convergent and divergent thinking; other factors such
as perception sensitivity and analysis are significant.
Rickards and Freedman (1978) also mention concepts
such as association of elements into new combinations
(Mednick 1962), the moment of insight (Wertheimer 1968)

and the mediation of preconscious processes (Kubie 1958).

Cybernetics and information science have attempted
simple analogues to the human brain; studies in this

field are concerned with associative and multiplicative/
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/models of creative mechanism. (Newell et al 1972).

The notion of 'sets' or frames of reference is common
to many writers, e.g. Bruner (1956). When applied

to a theory of problem-solving in organisations, it
gives rise to the model unit used by March and Simon
(1958) for individual behaviour; ‘'a choosing,
decision-making, problem-solving organism that can do
only one or a few things at a time, and that can

attend to only a small part of the information recorded

in its memory and presented by the environment'.

They consider human information-processing as a key
element in their study. The effects of 'nature' and
'nurture' are offered as cond.tions which account for
the behaviour of an organism at any interval in time,
and predispose the internal state for the next.

The part of memory involved in influencing behaviour
at any instant is the evoked set; the pattern of
evocation which causes changes in the content of
memory is learning. Behaviour can thus be influenced
by changes in memory content (learning) or by changes

in the active determinants of current behaviour

(evocation).

There is a similar division between relevant

environment which produces stimuli to influence

behaviour, and passive environment which has no effect.



Using this model, they identify two classes of
problem-solving activity; 'reproductive' in that
mental activity is of a relatively routine search
type, and 'productive' in which creative search

and solving procedures are used. This is similar to
the distinction between invention and development

problem—-solving activity.

The central feature of the model (e.g. Newell, Shaw,
Simon 1972) is that of cognitive limits to
rationality. This suggests that when an individual
is faced with a complex, unprogrammed situation he
will tackle it by breaking 1t down into a number of
sub-problems which he has a repertoire of responses
and routines to solve. He wi.l also tend to

'satisfice'! rather than 'maximise' the outcomes.

Individuals vary in the approaches they use to
problem-solving. Saward (1977) reports on individual
style influences, specifically those associated with
different roles in group problem-solving. He argues,
following Bruner et al (1956) that individuals use

past and current information (memory and evoked set)

to establish expectancies. An individual's cognitive
style may restrict his problem-solving flexibility,
1imiting him to reproduce existing ideas rather than
explore novel ideas. Exhibit 4 presents Johnson's (1972)

summary of problem-solving styles in individuals.



In general, problem-solving activity follows the
paradigm of awareness and recognition definition,
exploration, development of solution and implementation.
Gregory (1977) suggests a model which introduces a
problem-solving 'activity line' through this process.
(Exhibit 5). He also indicates desirable personal
Teatures at various stages and possible improvement

inputs; these will be returned to later.
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EXHIBIT 3 : Theories and Mechanisms of Creative Behaviour

(Gregory 1972)

(a)

intellectual

- remembering or copying the eternal 'form' (Plato)
—- seeing resemblances maong a multitude of differences (Aristotle)
- inductive logic (Aristotle, Bacon, Mill)
- dreaming (primitive belief, Descartes)
- association (da Vinci, Hobbes, Locke, Hartley etc.)
- unconscious cerebration (Leibniz, Carpenter)
-~ imitation by transfer into new field (Tarde)
~ 'cross fertilisation' by injecting more potentialities
- single intellectual ability (Spearman)
- structural organisation or 'Gestalt' formation (Wertheimer,
Duncker)
- 'multiple trait' (Guilford)
- problem-solving of special kind (Newell, Shaw, Simon)
- information and communication theory approaches (Golovin,
: Brinkley)
~ complex information processing (Schroeder,Driver, Streufert)

motivational

- persistence

- 1ntolerance of obstacles

- unconscious will (Boehme)

- neurotic behaviour

~ psychoanalytic theories of replacement or compensation
(Freud, Adler, Allport)

— 'ipnstinct' of workmanship (Veblen)

- 'life force'

- response to challenge (Toynbee)

- response to stimulus (Watson)

- creative drive (Woodworth)

- peed achievement (Maslow)
— need for order or urge for adaptive integration at high level

(Barron)
- need and love for preconfigurative realisation and full
configurative action (Chiselin)

— tension between the inner and outer environments (Rugg)
- multiple personality factors, with profile (Cattell)
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(c)

Joint intellectual and motivational

- inspiration by god or muse

~ the personal 'daemon' (Socrates)

- learning from master ('atelier' method)

~ unconscious/conscious interaction (Cudworth)

- volition and chance association (Goethe)

- desire and imaginative association (Ribot)

-~ interaction between 'unconscious', 'preconscious' and
'conscious' (Platner, Goethe, Freud, Varendonek, Kris,

Kubie, Rugg)
- work style (Gough and Woodworth, Sprecher, Taylor)
~ leadership style (Owens, Andrews)

chance
- early technological developments (Rossman)

- serendipity
- present-day scientific discoveries (Mach, Taton)

impossibility of theory

— 'the creative act will forever eluce the human understanding'
(Jung)
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EXHIBIT 4 : Problem-solving styles

(Johnson 1972)

Style

flexibility/rigidity
(extent to which
direction during problem-
solving is varied)

information seeking
(extent to which data
is sought)

conceptual differentiation
(extent to which relations
between items are
distinguished)

reflective style
(extent to which the
rapidity of attack on a
problem is varied)

cognitive complexity
(extent to which the
structures of a problem
are distinguished)

analytical field approach
(extent to which individual
problem elements are
examined)

Principal Findings

1940s and 1950s studies indicate
little generality of rigidity trait
across problems. Cognitive
flexibility is a more substantial
factor; open-minded individuals
are generally more effective
problem-solvers than closed-minded
(dogmatic) individuals.

open-minded individuals are likely
to seek more information (of a
higher quality) than dogmatic
individuals, who tend to 'protect
information in order to maintain
their belief system.

studies involving free-sorting tasks
tend to indicate that individuals
have generally a stable style of
cognitive control, independent of
general irtelligence and ability

to abstract.

this style is in part attributed
to the control of impulsivity,
which allows for inhibition of
incorrect solutions and reflection
over alternative possibilities
Increased control over impulsivity
increases generally problem-solving
effectiveness.

no unitary factor of cognitive
complexity has been identified.
Rather it comprises several
relatively independent conceptual
dispositions, and is not the same
as conceptual differentiation.

individuals who use this style
tend to achieve a high performance
on certain classes of problems.
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Style Principal Findings

abstract approach 'abstract thinkers' have a more
(extent to which a complex differentiated system of
problem is examined concepts for cetegorising data
independently of its than 'concrete thinkers'. The
attributes) latter tend to make absolute

evaluations and have a greater
need for cognitive consistency.
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Adoption Influences

At the other end of the innovation process, there are
influences relevant to the adoption process, As we
have already seen, adoption depends on the perceived
characteristics of the innovation, and the personality

characteristics of innovator and adopter.

Innovativeness, (the readiness of an individual to
adopt something new ) has been shown to follow a
relatively standard distribution across a population
sample (Rogers and Shoemaker 1971). This relates to
learning theories in psychology. Exhibit 6 summarises
essential characteristics associated with adopter

classifications.

Rogers and Shoemaker identify the following personality

characteristics as independent variables in the

adoption process.

- early adopters have greater empathy than later adopters

e 11t Tt 1A
- " " are less dogmatic

n " have greater ability to deal with

abstractions than later adopters

- early adopters have greater rationality than later

adopters

early adopters have greater intelligence than later

adopters
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EXHIBIT 6 : Adopter Characteristics (Rogers and Shoemaker 1971)

( 1)

(iii)

( iv)

innovators

early adopters

early majority

late majority

laggards

venturesome, eager to try new ideas
Cosmopoliteness follows since they
will want to expand their social
experience as well. High risk-taking
behaviour and tolerance of failure.

respectable, more integrated into a
particular social system, local
orientation. Most opinion leaders
occur in this category (innovators
being seen as 'too eccentric')
since they command social system
respect. Moderate risk taking and
tolerance of failure.

deliberate, interact frequently
with peers but rarely tend to be
leaders. Tend to consider carefully
before adopting and rarely lead
adoption, despite a willingness

to accept new ideas. Moderate risk-
taking, low tolerance of failure
unless an unavoidable, logical
consequence of adoption.

sceptical, adopt new ideas only

when pressures and constraints force
this response. Persuasion of the
utility of new ldea must be accompanied
by acceptance as the social norm
before adoption by this group.

Low risk-taking and tolerance of
failure.

traditional, conservative, very
local in orientation. Reference
points always in the past, 'the
way we've always done it'.
Suspicious of change and alienated
by it. Very low risk taking and
tolerance of failure.
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- early adopters have a more favourable attitude
towards change than later adopters

- early adopters have a more favourable attitude towards
risk than later adopters

- early adopters have a more favourable attitude towards
education than later adopters

- early adopters have a more favourable attitude towards
science than later adopters

- early adopters are less fatalistic than later adopters

- early adopters have higher levels of achievement
motivation than later adopters

- early adopters have higher aspirations (education,

occupation, etc.) than later adopters

During the adoption decision process, they suggest that
the individual passes through phases of awareness,
interest, evaluation, trial and adoption/confirmation/
discontinuance. Associated with these are four functions

which represent the major influences on the process.

Knowledge - Hassinger (1959) argues that awareness is

not a random occurence but takes place as an active,

purposive activity. Selective exposure (exposure to

. . .. .
jdeas which are 1n accordance with an individual's

interests, needs oOr attitudes) is a well-reported

principle which supports this view. (Bruner 1949)
Thus there has to be a perceived personal need for an

innovation before an individual will become aware of 1t.
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Persuasion - awareness of innovation is insufficient
to ensure its adoption; persuasion is that agency
which acts on the attitude-forming mechanism. (cf
Rokeach 1966). Attitudes towards change are both
general and specific, and there are well-documented
studies in which individuals professing one general
attitude behaved in contradictory fashion in specific
instances (e.g. La Piere 1934). Innovation dissonance
is a special case of Festinger's (1957) general theory

of cognitive dissonance.

Decision - at this stage the individual engages in
sctivities such as trial prior to making an adopt/reject
decision. Marketing practice illustrates the value of
offering trialability of new products via free samples
and trial sizes; a similar example in process

innovation might be the pilot plant (cf Gregory 1976).

Confirmation — most empirical evidence indicates that
the adoption decision is rarely taken on a once-for-all
basis; the individual continues to seek reinforcement
for his decision. Once again, cognitive dissonance

may provoke a re—examination of earlier actions if

r to reduce the original dissonance provided

they fai

by the awareness of a new idea.
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In organisations and groups, the characteristics of
the adoption-decision process will also be significant.
As has already been discussed, commitment and support
for a particular decision is most likely to be secured

via a participative process.

General personality variables

cattell (1970), Eysenck (1965) and others have addressed
themselves to problems of general personality variables.
Bruce (1976) attempts to examine personality traits
associated with entrepreneurs, following McClelland

(1961) and Collins (1964).

One particular variable which will be strongly associated
with both problem-solving and adoption behaviour is
learning style. Kolb (1973) proposes a four-step
repetitive cycle to account for experimental learning:
ipdividuals may well display one style dominantly.

Fxhibit 7 indicates the model: the cycle can be summarised

thus:

'Tmmediate concrete experience is the basis for
observation and reflection. These observations are
assimilated into a 'theory' from which new implications

for action can be deduced. These implications, or

hypotheses, then serve as guides in acting to create

: !
new eXperlences .
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EXHIBIT 7T

: Kolb's Model for Individual Learning

concrete
experience
execution divergence
~ committing - generating
resources alternatives
- implementing - recognising
solutions problems
active reflective
experimentation observation
convergence assimilation
- testing - formulating
theories theories
- solving - defining
problems problems
abstract
conceptualisation



Since the innovation process itself involves a
similar learning process, it could be argued that
individuals dominant in each style will be required
to facilitate it. Kolb also talks about 'integrated
learners' as describing those individuals able to
employ and switch between learning styles very easily.
He also argues that 'organisations and professional
disciplines often develop values which favour activity

in one learning stage over the others'.

On the basis of his model, individuals may be executors,
divergers, convergers, assimilators or integrated
learners: the mixture and balance of these types will
be important in management of individuals. Exhibit 8

indicates strengths and weaknesses in each style type.

Recent research (Spencer, 1978) suggests that there
may be peak and plateau periods of learning during
an individual's career progression. This may be

related to the demands of the task or tc personality

skills.



EXHIBIT 8 : Strengths and Weaknesses in Learning Styles

(Carlsson et al 1976)

concrete experience

experimentation

convergence

strength:

excess:

deficiency:

design
decision making

premature closure
solving the wrong
problem

no focus to work

theories not
tested

poor experimental
design

execution divergence
strength: accomplishment strength: generation of
goal-oriented alternatives
action creativity
excess: trivial excess: paralysed by
improvements alternatives
tremendous
accomplishment
of the wrong
thing
deficilency: work not completed | deficiency: inability to
on time recognise problems/
not directed to opoortunities
goals idea poor
active I‘eflective
observation

assimilation

strength:  planning
formulating theory

excess: castles in the air
no practical
applications

deficiency: no theoretical
basis for work

unable to learn

from mistakes

abstract
conceptualisation



Environmental Factors

A number of factors will be relevant in this area notably:

(1)

communication

socloeconomic characteristics

formal and informal position and role

physical setting

learning environument

developmental climate

Communication

Tn problem-solving activity Allen (1970) has made some
impressive studies indicating the role of communication.
He draws particular attention to opinion leader

(technological gatekeeper) figures, and to informal

networks.

Adoption behaviour is also strongly related to
communication; of particular relevance is the two-step
flow model (Katz and Lazarsfield 1955) as distinct from

the conventional hypodermic' model of information

{transfer.
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Again the opinion leader has the key role, and is

labelled variously as 'trend-setter' and 'Mr. one-jump

ahead'. Rogers and Shoemaker (1971) 1list the

following communication characteristics as significant

independent variables in the adoption process:

early adopters have more social participation than
later adopters

early adopters are more highly integrated with the
social system than later adopers

early adopters are more cosmopolite than later
adopters

early adopters have more change agent contact

than later adopters

early adopters have more exposure to mass media
channels than later adopters

early adopters have more exposure to interpersonal
channels than later adopters

early adopters seek information about innovations
more than later adopters

early adopters have greater knowledge of innovations
than later adopters

early adopters have higher degree of opinion leadership
than later adopters

early adopters are more likely to belong to systems
with modern as opposed to traditional norms than
later adopters

carly adopters are more likely to belong to well-

integrated systems than later adopters.



Mcluhan (1967) illustrates well the effect that
communications media have on shaping individual
attitudes and opinions. Interpersonal channels are
of significance and informal ones in particular

(Shilling and Bernard 196L) .

Socioceconomic Characteristics

Rogers and Shoemaker (1971) list the following
characteristics as independent variables in the

adoption process:

early adopters are no different from later adopters

in age

- early adopters have more years of education than do
later adopters

- early adopters are more likely to be literate than
are later adopters

- early adopters have higher social status than later
adopters

- early adopters have a greater degree of upward social
mobility than later adopters

_ early adopters have larger sized units than later

adopters

early adopters are more likely to have a commercial

economic orientation than are later adopters
- early adopters have a more favourable attitude towards

credit (financial) than later adopters

- early adopters have more specialised operations than

later adopters.

- 158 =



Evidence regarding influence of these factors on
problem-solving behaviour is not so clear. Age

does not appear to affect problem-solving although
younger minds tend to have less constraints built
into their thinking and may be more 'naturally'
inventive. However, older problem-solvers have a
wider repertoire of experience to draw from.
Similarly, above a minimum IQ level, there is little
clear correlation between education or intelligence

and performance.

Wealth is a significant variable in that it will
affect the degree to which a potential innovator can
afford to take risks. Entreprenuership appears to

be related to societal factors: Hagen (1963) argues
that traditional society 1s associated with low
creativity (cf traditional system norms in Rogers and
Shoemaker's summary). The suggestion is made that
entrepreneurs are essentially 'marginal, migratory
and mobile' with respect to society; they do not
'£it in' and for this reason deviant behaviour (as

in breaking rules and taking short cuts) is tolerated.

Cosmopoliteness is strongly associated with this group.

(Collins et al 196L)
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Formal and Informal Position and Role

The importance of formal position for the
innovation process emerges in the SAPPHO findings
and also in the work of Witte (1976) and Geschka
(1976). Success appears to be associated with key
promoter figures, one of whom will be in a formal
influential position - perhaps a director. He is
the 'mach promoter' (power promoter). Pettigrew
(1974) discusses the relative power of influential
figures in their attempts to promote radical

innovation decisions.

Allied to the mach promoter is the 'fach promoter'
(product champion); his role is to supply the
technical push to the innovation. Both these figures
correspond to entrepreneurial types: in combination
they represent a highly successful force for
innovation. Witte (1976) analyses many key innovation
decisions in Germany and suggests that the highest
probability of success is associated with the two
working in tandem. Power promoters can generate
resources, facilitate decisions, push radical schemes
and generally exert influence for change - but they
may lack the technical flair to provide the ideas.
Equally, the champion with low power and status may

not be able to overcome organisational resistance

on his own.
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In this typology we can imagine the individual who
combines both roles; he will be identified with

the great self-made entrepreneurs who built up their
empires from small beginnings by taking risks.

Whitfield (1975) discusses examples of these.

Other positional roles of importance are found

in the informal structure, which has an important
communication value. Opinion leaders tend to be key
links, but a range of other informal roles exists,
for example 'counsellor', 'organiser', 'comedian'
etc. The sociometric studies originated by

Moreno (1946) highlight preferred working patterns
amongst individuals: effective teams are associated
with good informal relationships. This will be
particularly important under the conditions of

uncertainty associated with innovative activity.

Roles are often sources of problems; Handy (1976)

suggests the following:

- role ambiguity due to unclear role expectations
- role conflict due to conflicting or overlapping roles
- role overload due to too many roles

- role underload due to too few roles
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= in individuals, these problems will result in

tension, low morale and poor communication.

He suggests that role stress (either stimulating
as in a sense of pressure, or harmful as in
feeling under strain) will be associated with
individuals working in management, innovative or

integrative areas.

Argyris (1965) argues that norms and values for
problem-solving behaviour are essentially 'pyramidal'
in their organisational structuring; thus those

in senior leadership roles have a responsibility

for setting the risk-taking pattern.

Physical Setting

There is little evidence to suggest a link between
individual creative behaviour and physical
environment. Ergonomics has developed from the
proposition that there is a relationship between the
individual and the physical environment in a more
general task sense, however. Herzberg's work on
motivation indicates that there may be a set of
factors ('hygienes') related to conditions of work;
these include physical factors. Maslow's (195k)
theory suggests that high-level behaviour cannot take
place successfully until lower order needs are

catisfied; physical factors come under this

classification.
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Communication patterns are determined to some
extent by physical proximity etc.; Allen (1975)

discusses this theme in more detail.

Learning Environment

Allied to the Kolb model of individual learning is
the concept of learning environments. These will

be defined as environments conducive to a particular
type of learning - for example, rich in concrete
experience opportunities. Matching individuals with
a dominant learning style to environments best
suited to this approach is an important management

task.

Climate

Payne and Pheysey (1971) and Pheysey (1977) talk
about organisation climates and identify three
dominant climates which they term 'developmental'.
! - gtimulation - a climate concerned with
achievement and high standards

- support — a climate concerned with falrness and
opportunity

- public spirit - a climate concerned with teamwork

and social responsibility’.
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These represented perceptions of climate by
managers: arguably they bear a relationship to
individual development. They appear to be
related to factors like: occupational history,

environmental features, level in hierarchy etc.

Contingent Factors

There are two kinds of contingencies which we shall concern
ourselves with here; 'subjective' and 'objective'. The
former refer to internal characteristics, such as
motivation, skills, experience etc. whilst the latter refer
to external factors like type of task, special constraints

and demands etc.

In practice, technological innovation is carried out by
technical specialists; several features distinguish this

group from other industrial occupations.

Research evidence, whilst extensive on general problem-
solving and adoption behaviour, is limited in the area of
technical specialist task behaviour or motivation. An
exception to this is in the field of design activity,
where a number of studies (e.g. Asimow 1962, Marples 1960,
Archer 1965) were brought together by Gregory (1966) and

Broadbent and Ward (1969).
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Gregory (1978) suggests the concept of a 'technical
activity outline' (Exhibit 9). This is based on Bartlett's
description of technical specialist activity viewed from
the standpoint of cognitive psychology - 'involving skilled

performance of a responsible kind, rich in non-repetitive

features'.

The principal tasks in which technical specialists are
engaged include diagnosis, design, installation, commissioning

operation and observation of symptoms .

Gregory further argues that this performance follows a
'contingent decision sequence'. This approach is useful

since it relates to the development of individual strategies.
Innovation generates high levels of complexity and uncertainty:
thus specialists need to develop correspondingly sophisticated

strategies for problem-solving and decision-making.

Other evidence (e.g. Pelz and Andrews 1966) suggests that

this group values high levels of autonomy and freedom of action.
the most significant environmental inputs are those providing
support, encouragement and uncertainty reduction. Arguably
technical specialists have a strong 'professional' orientation
(as opposed to an 'organisational' one). This would lead to

o condition of greater mobility in specialist careers and one

would expect higher levels of job-satisfaction, since

dissatisfaction could be alleviated by 'moving on' to a new job.
e Ty g
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EXHIBIT 9 : Technical Activity Outline

(Gregory 1978)

(1) simple view

|
l task specification

|

technical activity

L

| proposals

(ii)  activity line with interactions

task specification

I,

manager < £

4

colleagues &

personal life & = >
social world & =
general <
awareness of
the world
company 'ethos'<——>

- — climate,

culture, size,
technology etc.

proposals
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However, this view is complicated by a range of circumstantial
factors: perhaps the most important at present is the
relative glut of certain types of specialist - e.g. chemists.
These groups are restricted in their mobility because of the
difficulty of finding another job; thus dissatisfaction,
alienation and other symptoms of non-integration within the
organisation might be expected. It is suggested that the
character and symptoms of this will be essentially similar

to those described by Blauner (196L4), Woodward (1970) and

Shepard (1971).

For this reason, motivation of technical specialists becomes

a major issue. In general terms, research (e.g. French 1957)
has demonstrated the significance of motivational factors in
accounting for variations in individual performance. Theories
of motivation have advanced considerably from the 'dependence'
model of John Stuart Mill, through Taylorism, to the current
expectancy and path-goal approaches of Vroom and others (1970).
Emphasis has shifted away from 'carrot and stick' methods
towards individual need fulfilment on a contingency basis.
Guest (1976) provides a short review of current thinking

on motivation.

There is evidence that different specialist Jjob groups have
a3 fferent motivation patterns associated with them (Hackman
1969). Anxiety, aggression and dissatisfaction are related
to performance. Tasks involving high levels of uncertainty

arc likely to be high in anxiety but intrinsically satisfying

and interesting.



Innovative activity, if organised correctly, need not give
rise to negative motivational characteristics. The dominant
need is for support in order to alleviate anxieties
associated with high levels of uncertainty-handling (Mars,
1969) .

The degree of integration which the individual feels with
his job and environment will be expressed via his attitudes
and his feelings of satisfaction. Research in this field
has been extensive (e.g. Herzberg et al, Likert, Guttman,
Bass) and a range of direct and indirect techniques for

measurement have been developed (e.g. Webb 1971).

Information from this research is of value in reshaping jobs

and environments to suit people better and enhance their
performance. The Pelz and Andrews study is a typical example
of this. However the limited evidence available about technical
specialists suggests that their motivational pattern is more
strongly associated with 'internal' personality factors than

with external environmental conditions.

Attempts have been made, notably by McClelland (1965) to

relate achievement orientation to risk-taking and entrepreneurial
behaviour. These studies reveal that high achievers prefer

to work on tasks of moderate difficulty and not to take big
risks: this equates to characteristics associated with

managers as opposed to technical specialists in the General

[lectric research of Meyer, Walker and Litwin (1961).
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McClelland argues that professional specialists will have
intermediate or low achievement scores since these jobs will
not provide direct feedback of the kind needed by high
achievers: equally they will be better disposed towards risk-

taking.

Entrepreneurs are characteristically high-achievers, and tend
to have strongly individualistic orientations. The 'product
champion' represents the typical case of the technical
specialist entrepreneur; he is not particularly inventive,
but excels at promoting new ideas into practical achievements.
McClelland points out that Nobel prizewinners generally had
low achievement scores; by contrast, he equates national
economic progress and development through history with high
scores, i.e. high incidence of entrepreneurial behaviour (1961).
The significance of the 'product champion' in knowledge push
innovation is high: he is associated with promoting an
awareness of need for the innovation. Because of the internal
nature of the champion, he can be expected to break rules,
take short cuts and force through ideas which he is committed
to; this has significance in the introduction of innovations

perceived as 'too radical' by the majority.

Bruce (1976) discusses entrepreneurs and attempts a simple
typology: 1n particular entrepreneurs are very calculating.
They have an attitude to risk which is essentially based upon
an assessment of probabilities; he labels this exteroceptive
behaviour. This involves 'a continual scanning of the
environment for opportunities and dangers and evaluating
these in the light of his distinctive competence, strengths
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and weaknesses'.
Schrage (1965) reports that self-awareness and awareness of
customers and colleagues correlate with performance;

entrepreneurs and high achievers score well on these factors.

Other roles which have a bearing on the innovation process
include managers and blue-collar workers. Studies of
managers (notably Stewart 1976, Mintzberg 1973) suggests

that their activities are fragmented and carried out under
heavy time pressure. Sofer (1970) reports that managers

like technical specialists, see themselves as resources
waiting to be used; however little is known about the skills
which are required for the task apart from a generalist

orientation.

In the case of blue-collar workers, Goldthorpe et al (1968)
contrast their approach to work (which is largely instrumental
i.e. a way of making money to make available goods, services
and leisure pursuits) with the high interest expressed by
white-collar workers in their Jobs. This fundamental view

is supported by many writers (e.g. Wilson 1955, Blauner 196k,
Sayles 1958, Cotgrove et al 1971) who suggest that whilst
greater satisfaction seems to derive from extra levels of

discretion and good supervisor relationships process workers

still see their Jjobs 1n money terms.
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Skill is an important contingent factor here: evidence
suggests that levels of skill influence worker's
approaches to changes or difficulties. Unskilled workers
tend to be apathetic; skilled workers are more involved.
Craftsmen are a special case in that their skill often
gives them greater potential mobility; they value good
workmanship (Mills 1957). Like managers and technical
specialists they may have 'unfulfilled' job expectations

(Wedderburn and Crompton 1972, Nichols and Armstrong 1976).

Another relevant factor here will be the individual's
state of development. Dalc and Payne (1976) offer a model
(derived from many disciplines, but notably Alderfer 1972)
against which to evaluate this. They suggest that there
are three key dimensions — awareness, will and resources

- along which development can take place. Each dimension

is in turn made up of three 'levels of development'.

The model suggests that individuals occupy various positions
on each scale, and that development can take place along

any or all of the dimensions. For example, resources can be
developed by acquiring new skills or mastering existing ones.
Awareness can be developed by increasing self-knowledge,
understanding of others etc. It is also suggested that

two kinds of development might be possible; within and

between levels.



The former corresponds to an addition process whereby
similar things are acquired - for example learning to
operate a new machine or use a new technique. Between-
levels development involves a more radical shift and a
reorientation to a completely new pattern of relationships
between things. Exhibit 10 illustrates the model a little

more clearly.

One of the values of this approach is that it permits an
evaluation of personal and externally applied development
strategies. A common cause of failure to develop is that the

strategy used is inapplicable to the actual situation.

Examples of individuals at each state of development may

help in understanding the model.

(a) Awareness — level one (existence) - the person has

little self-concept and is at the mercy of others to
tell him what to do. He is defensive and protective,
often turning this aggressively outwards. He has

little insight into his own motives and emotions.

- level two (relatedness) — he i1is much more conscious

of the outside world. Behaviour is dominated by the
need to relate to other people and to understand what
they want from him. Strong values are held about

maintaining the social order and setting a good example

to others.



— level three (growth) - standards are set by himself

and he recognises the tensions between his own
values, beliefs and perspectives and those of others
and accepts them. He is a choosing, self-directing,

self-gulding being.

The principal difference between levels 2 and 3 is
that at level 3 he understands not just how things
are but also how they came to be that way - and how
they could be different. He moves from being a

'rule-recogniser' to a 'rule-maker'.

Resources — level one (incompetence) - these are the

minimum levels of skill: individuals learn from both
'nature' and 'nurture' influences and there will be
some things that they have little or no knowledge of,
whilst in others they are masters. An example might
be the minimal understanding of behavioural issues in

a high technology industry.

- Jevel two (skill) - this is a level of competence

which can be added to and developed: the distinction

between this and level 3 is that between 'technician'

and 'master’'.
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= level three (mastery) - this is moving beyond

conditioned skills into unknown territory: of
necessity an thorough level 2 grounding in skills
is needed. Creative exploration, pushing the

frontiers forward characterises this level.

Will - level one (existence) - this is concerned with

the motive behind changing relationships with the
world, about making some difference or having an
impact on that world. At existence level, the individual
rarely commits himself even if he has talent, skills,
understanding etc. - he is not a 'doer'. Or he is a
passionate 'doer' who never actually achieves anything.
Amongst the reaons for remaining at this level might
be:

- feelings of powerlessness

- Tfear of looking foolish

- apathy and inertia

- ability to escape

- conflicts about what to do

— fear of change

- preference for observer/critic role

- vyrincipal rejection of competitive striving
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- level two (relatedness) - here the individual does

act, but in the way of commitment to something larger,
€e.g. the organisations, this action is thus restricted
within the limits of an established situation which

is itself not questioned.

~ level three (growth) - this is the point at which

the individual moves beyond the established frame of
social reference, stops looking over his shoulder and
looks forward to longer-term goals. A conditions of

self-respect and self-enactment.

In many organisations level 3 people may be undesirable
because they rock the boat and challenge conventional
wisdom. However innovative activities have a major
requirement for this type - in preference to level two

people who work to preserve things as they are.
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EXHIBIT 10 : Model of Development (Payne and Dale 1976)

awareness ('I understand')

N\
level (3) growth (self-actualising
autonomous
integrated)
level (2) relatedness (belonging to and
relying on a
group orientation)
Level (1) existence (instinctive fright
or flight
implusive)
(1) (2) (3)  resources
incompetence skill mastery('I can')
fearful (1)

commitment (2)
to norms

/

/

/
(3) /
doiﬁé what
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looking over-shoulder
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Another study which relates individual development to
performance is presented by Argyris (1965). This is of
particular interest since it derives from his general
work on individuals and organisations and refers

specifically to innovation.

The central theme in his argument is that of 'interpersonal
competence' - 'the individual's ability to produce intended
effects in such a way that he can continue to do so'.

In other words solving problems effectively so that they
stay solved but cause no new problems. This refers
particularly to interpersonal interaction: he suggests a
number of categories which relate to behaviour: these he

classifies into individual and normative dimensions

(a) Individual - owning up to/not owning up to: the
individual is able to identify his behaviour,

communicate it and accept ownership of it

- open/not open: the individual permits and encourages

the reception of new information

- experimenting/not experimenting: the individual may
be observed manipulating his internal or external

environment in order to create new information - 1i.e.

risk-taking behaviour

- helping/not helping others in the above behaviours



Normative
- individuality/conformity
- concern/antagonism

- trust/mistrust

He develops a complex analysis procedure which he
relates to performance in innovation processes.

In particular he proposes a model to account for the
deterioration of Research and Development performance
over time; this historical perspective is interesting,
for it raises issues like growth of rigidity and
institutionalisation of conflicts. The stress on
interpersonal incompetence is significant; even in
poor performing cases 'the effectiveness of the

technical activities was perceived as high'.
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Coping Strategies

Strategies are long-term patterns of activity designed to
accomplish a particular set of goals; it can be argued
that any unit in an organisation will adopt a number of
strategies to achieve its various goals. These have been
labelled 'coping' strategies since in many cases they will
represent the best course of action (based on previous
experience) for handling specific contingencies. They may
not be the best way in absolute terms - hence the following

section on improvement strategies.

Individuals have a number of personal goals and corresponding
personal strategies which have little direct bearing on

their organisational life. Miller, Galanter and Pribran (1970)
discuss these. Task-related strategies characterise the kind

of activity outline proposed by Gregory.

For example, in the case of problem-solving activity, Bruner
et al (1956) identify four basic strategies which individuals
use (Exhibit 11). Gagne (1972) and Newell (1972) emphasise

the importance of strategies in effective problem-solving.

Adoption behaviour has been shown to follow evaluative
strategies - trial, observation, comparison, knowledge
(Rogers and Shoemaker). Individuals tend

acquiring etc.

to use strategies based on minimising dissonance (Festinger

1957) .
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Individuals cope with the organisation and its general
demands in a number of ways. Maccoby (1977) indicates a
range of possibilities. Exhibit 12 presents a model which
offers options along a continuum of commitment to the
organisation; the extreme case of alienation is withdrawal,
and of commitment is actively shaping the organisation to
new ends. Associated with positions on this continuum will

be a number of strategies.
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EXHIBIT 11 : Problem-Solving Strategies (Bruner 1956)

(1) s?multaneous scanning: an individual investigates which of
hl? hypotheses of how to solve the proglem are tenable and
Vhl?h should be refuted. In order to be effective the
individual must plan carefully each step so that his
decisions are maximally informative. After each decision
the individual must remember which hypotheses have been
disproved until the problem is successfully resolved.

( i1) successive scanning: this involves testing a single hypotheses
at a time. Having selected a given hypotheses, the individual
restricts his decisions to those problem areas that directly
affect his hypotheses. The individual does not need to
remember eliminated hypotheses and conseguently there is no
cognitive strain. However, this strategy does not permit
maximum informativeness of each decision. Nor is the
individual able to regualte the risk associated with each
decision.

(iii)  conservative focussing: the individual concentrates on one
attribute of the problem at a time. Decisions are made
cautiously. There is low cognitive strain and high
informativeness of each decision. All decisions are low
risk.

( iv) focus gambling: the individual attempts to manipulate more
than one aspect of the problem at a time. The individual
guesses which decisions should be made, despite the high
risk of failure. Cognitive strain is low. The individual
may maximise the informativeness of each decision. Although
his decisions are made generally on little information.

In general individuals adopt several different kinds of strategy

which might be said to characterise their problem-solving style.
A given problem may be solved using more than one strategy.
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EXHIBIT 12 : Individual Coping Strategies

totally
above
system

’
T corporate compliancgr“————————————==—)

2N
\\/

alienation commitment

totally
alienated
by system

rule-breaker
entrepreneur
risk—-taker

N\ ///’ >
defensive recluse 'organisation' 'gamesman'
'hermit' man

L
migrant (leaves
organisation or is
marking time until
he can).



Improvement Strategies

The preceding overview of influences acting on individuals
suggests a number of ways in which these might be managed

to advantage: some examples are given here.

From a general motivational veiwpoint a number of guidelines
emerge. Mars (1969) summarises the work of writers offering
prescriptive suggestions for productive climates in Research
and Development. In essence they confirm the view that
technical specialists have a strong professional orientation
and whose motivation is a more complex variable than can

be accounted for by simple reward/punishment systems.
Individual needs for autonomy, freedom, association, status

and achievement appear to be significant.

Orth, Bailey and Wolek (1965) discuss the behaviour of
scientists and engineers in organisations and discuss a

number of motivating approaches both descriptive and
prescriptive in nature. In general there is strong emphasis

on the pattern of the job as dictating behaviour and hence

the motivational and other components of improvement strategies

(Sayles, 1963, Hinrichs 1966, Twiss 197k).

The contingency nature of this model of motivation is
reflected in the strategies available and the varied success
with which they have met. Early attempts were essentially

aimed at job enlargement and rotation.
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These approaches offer a broadening of experience which is
significant since there is a tendency for specialists

working in one ares only to develop rigid frames of reference.
Burns and Stalker (1961) and Lawrence and Lorsch (1967) both
highlight the problems of differential orientations of
speclalist groups and suggest Job rotation as an important
integrating mechanism because it introduces an experience

of alternative perspectives. Arguably this will improve
problem-solving and adoption behaviour by breeding a more

open-minded approach.

Job-enrichment represents a further development involving
workers in a greater share of control of their Jobs. It
appears particularly applicable to professional specialists
because it represents a way of providing more functional
autonomy. Herzberg et al (1959) developed the concept of
enrichment from their two-factor studies of motivation.
Paul and Robertson (1970) describe extensive experiments

using this technique within I.C.I.

Career development is another possibility; there is a growing
belief that planned progression coupled with relevant

training inputs can have beneficial effects on peformance.

Of interest here are the attempts at providing a dual scale,
managerial and technical for promotion in Research and

Development. Technical ladders have problems however;

Shephard (1958) lists the following:
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difficulty in defining the role of positions on the

technical ladder

use of the technical ladder as a reward rather than an

opportunity

— use of the technical ladder as a shelf for senior staff
found lacking either scientifically or managerially. A
position on the technical ladder was consequently seen
as a proof of inadequacy

- ambiguity of the technical ladder as a status symbol

- removal of the scientist from the main stream of activity

encouraging him to leave the company

- a shortage of 'rungs' on the technical ladder

- less security for positions on the technical ladder

Formal development of skills, knowledge and attitudes is

particularly important in Research and Development personnel

since their background experience exposes them less to

business or other environments.
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Development options can focus on improving and updating
'"traditional' skills or on introducing new skills to help
individuals adapt better to their tasks. As Payne and Dale
(1976) point out, not all inputs will suit all individuals
since they will already be at varying states of development
and thus receptivity will vary. The contingency factors
affecting this will be multiple; Pheysey (1977) discusses
some factors related to climates for management development,

for example.

Many inputs of this kind use standard educative approaches
which rely on passive involvement of the subjects. An
increasing body of evidence suggests that the learning value
of this type of experience is limited; emphasis is shifting
towards the 'action learning' type of approach (Revens 1977).
These have the advantage of being less—directive than
traditional strategies for development and rely more on
facilitating conditions under which the individual may learn.
A good example of the philosophy and practice of on-the-job

learning approaches appears in Rackham and Morgan (1977).

Training for adoption improvement centres on the need to 'sell'
the new idea in terms which the adopter can accept.
Understanding of individual constructs (Kelly 1955) and general
belief systems provide useful additions to the more conventional

sales-training syllabus. Promoting understanding of inter-—

personal interaction, particularly via novel approaches like

transactional analysis (e.g. Carby and Thakur, 1975) is also

of value.
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Evidence on adopter behaviour suggests that opportunities for
individuals to try out, to observe, to understand etc. will
influence innovation acceptability at the knowledge stage.
Understanding of the dynamics of persuasion, - e.g. use of
key channels and opinion leaders etc. — will improve the

chances for successful adoption.

Evidence suggests that the 'natural incidence of innovators
(as an adopter category) and entrepreneurs is very low
(around 2% according to the Rogers and Shoemaker studies).
Risk-taking and willingness to consider new ideas are traits
which can be trained, however. Aronoff and Litevin (1971)
and McClelland (1972) report success with achievemert
orientation training, for example. Creative thinking tends
to be associated with these concepts and thus 'mind-flexing'
techniques whether group or individual oriented can be
useful in this connection. Rickards (1974) and Rickards and

Freedman (1978) describe and evaluate a number of these.

Interpersonal contact appears strongly correlated with
information flow, particularly via informal networks. Allen
and his associates at M.I.T. report extensive studies in
this area and suggest a number of strategies to improve
communication including architectural rearrangement of

Research and Development workspace (1975).
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In terms of management, innovative specialist activity
presents a dilemma. Those conditions which appear conducive
to inventive activity (high levels of autonomy, loose organic
structure, high on support but low on control, individual
freedom etc.) differ radically from those which offer the
best chance of development success (high levels of overall
control, functional integration, working to budget and
deadline, etc.) For this reason management should develop
strategies aimed at co-ordinating the activities of 'self-
controlled' specialists rather than attempt to directly

control them.

This raises a final important improvement strategy; as
suggested in the section on individual development, the level
of awareness will be significant. Inputs aimed at improving
knowledge of self and of others, in a general and a task-
specific connection will be of value in developing self-

actualising individuals.

Integrated self-actualisers are advanced as ideal types by
Argyris, (1970), Maslow (1954) and others. Interpersonal
competence is a condition similar to high levels of development
on the Payne/Dale model, and Argyris presents evidence for
training in this mode. He has recently, in work with Schon
(1976) developed the concept of an 'open loop learning cycle'
which he is using as a development aid. He believes that
changes in norms, values etc. (which are dominant elements

in his system) should begin at the top in order to take
effcet; thus his programme has concentrated on leaders.

However the inputs are applicable elsewhere in the organisation.
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Another advantage of the Payne/Dale type of model is that it

permits the evaluation of change inputs. Thus the applicability

and change potential can be checked against an individual's

state of development. This gives rise to the concept of

'customised' or 'tailored' inputs for individuals.
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Section 2 - Group Level Influences

The group is central to many aspects of the technological innovation
process since it is the unit of co-operative activity. Types of
group involved range from formal functional groups, mixed project
teams involving 4different specialists, decision-making and planning

committees etc. to informal social groups of various kinds.

In general, groups can be considered in terms of the degree of
interdependence and sharing of goals between individuals. Exhibit
13 indicates the possible range. Central to all groups is their
goal-orientation: whether formally or informally defined there is

mutual agreement and commitment to this.

Goals may be primary or accessory. The former constitute the
principal objectives whilst the latter are associated with changing
individual needs within the group. During the life of a group,

goals will undergo a process of displacement (Blau 1955, Sills 1958).

Group effectiveness is related to the degree of goal achievement.
Exhibit 14 indicates a model illustrating how this section is

structured; this is similar to a model due to Krech et al (1962)

to i1llustrate factors relating to group effectiveness.
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EXHIBIT 1k -

Group Level Influences Model
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Structural factors - size, stage of development, communication
networks, status structure, composition etc. are considered first.
These are followed by an examination of relevant environmental
factors - e.g. physical setting, functional position and role,
relationship with other groups etc. Contingent factors are

agaln considered under two headings, one relating to 'subjective'
factors and the other to 'objective' ones. The former include
group motivation, relationships between members, abilities,
participation, leadership style etc. whilst the latter are
concerned with the demands placed on the group in terms of

task, role, culture etc.
Strategies whereby groups cope with contingencies and achieve

individual and group goals are discussed next. Finally planned

change strategies aimed at improving effectiveness are considered.
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(a) Structural Factors

(i) Group Size - in general the most effective size for a
group appears to vary with the task to be performed.
Evidence suggests that the degree of perceived opportunity
for an individual to participate is an important

factor (Marquis et al 1951, Bales et al 1951, Stephen

et al 1952).

In terms of idea-production and problem-solving, Gibb
et al (1951) found that production increased with

group size, but beyond a certain point, members felt
inhibited by the presence of so many others. The level
of formalisation of procedures was also related.

Slater (1958) reports the responses of various-sized
groups to gquestions about satisfaction; determinants
included the need for order, amount of aggression

and competition, level of inhibition, fear of

alienation and destruction of the group.
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(i) Group Composition - in general, the following points

appear important (McGrath et al (1966), Davis (1969).

~ traits of co-operativeness, efficiency and insight
as positive correlates of effective group performance.
Aggressiveness, suspicion and coolness towards other

group members as negative correlates.
- heterogeneous groups are generally more productive
than homogeneous groups, particularly where novel

solutions to problems are required.

- homogeneous groups are more cohesive and have higher

=

morale than heterogeneous groups.

- compatible groups (interpersonally) are more co-operative
than incompatible groups. They also demonstrate
greater productivity than incompatible groups because
of'assembly effects', i.e. 'when the group is able
to achieve collectively something which could not
have been achieved by any member working alone

or by a combination of individual efforts'

(Collins et al 196k) .
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(iii)

Some of these propositions appear mutually exclusive
e.g. (ii) and (iii). This highlights the principle

that there is no one best way to compose a group.

Further, groups may not involve individuals in direct

interaction; nominal groups exist in many situations.

Rickards (1974k) discusses the problem-solving advantages
of groups of this kind; the Delphi technique is based

upon this principle.
Problems of compatibility are overcome by using groups
of this kind, but there are accompanying communication

difficulties involved.

Status and Hierarchy - in general, the following factors

appear important (Burnstein et al (1965), Argyle (1969)).

- groups which have a stable status hierarcy are more
effective and efficient in problem-solving than groups

in which members are concerned with improving their

status.

- status hierarchy may result in restraints on
communication content. In mixed status groups, high

status members tend to address few criticisms to low

status members.
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the number of irrelevant communications (not

task-related) is greater among low-status groups.

- 'status incongruence' results where the status level
and tangible rewards given by a group are not
related proportionately to performance. In this
situation, a group is ineffective, members will
attempt to improve the alignment of the different

aspects of their status.

Group Development — a large number of accounts of the

mechanisms of group formation and development exist.
Amongst these, one of the best-known 1s that due to
Tuckman (1965) who identifies four discrete phases;

these are illustrated in Exhibit 15.

(On the basis of this model it may well be that project
teams and nominal groups of various kinds do not
perform effectively because they fail to reach the

final 'performing' stage).
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Communication Patterns - defining communication as

'the transmission and reception of ideas, information,
knowledge, feelings and attitudes which produce a
response', it is apparent that mutual understanding

must occur if communication is to be effective (Stewart

1968) .

Bavelas, Leavitt, Shaw et al in a number of experiments
(1950, 1954, 1954) studied a variety of communication
patterns. They concluded that the most effective
pattern depended upon the kind of problem-solving
activity involved; for example, radial groups required
less time than circular groups in solving simple
problems. Dubin (1959) concluded from an interaction-
analysis viewpoint that a circular pattern promoted
open communication and maximum participation. Davis
(1969) suggests that groups combining both these
patterns appear to be superior in performance. It
seems likely that there is no one best pattern
available but that it will depend upon the task,

resources and other contingencies.

Of more interest, perhaps, is the two-step theory of
communication. Katz and Lazarsfield (1955) developed
the concept of opinion leaders in their studies of

election campaigns and Rogers and Shoemaker (1971)

developed the idea in their model of the communication

of innovations.
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Allen (1970) in his extensive work at MIT on the
various communication processes involved in Research
and Development work coined the term 'technological
gatekeeper' to describe a particular class of opinion
leader. Certainly the evidence appears to support
the view that some individuals in groups are better

informed and have more information — giving influence.

(b) Environmental Factors

(i) Physical setting can have a bearing on the behaviour
of a group in that it may provide support or make
demands. An exaple of this might be the sense of
unity and pride expressed by production teams who
continue to manufacture high quality products under
very poor, dirty, noisy conditions. Equally this
group may express strong resentment of the Research
and Development group for the fact that the latter
inhabit expensive, modern, Very clean laboratories

and offices.

There appears to be 1ittle direct evidence of the
effect of physical environment on group performance;
ndividuals motivational and communication

as with 1

factors appear related to physical setting.
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Functional Position of Group: - this variable is

particularly significant in innovation because so
many functional groups are involved. Members will
perceive themselves as belonging to a specific
group with values, goals and general orientations
peculiar to that group. These will be shaped by
factors like the functional task, the professional
orientation, the task demands etc. This identity
is maintaining the group under conditions of

uncertainty and complexity.

Inevitably there will be differences in functional
position - for example 'strong' and 'weak' groups.
Research and Development are typically weak and often
under attack because of their non-productive status:
Burns and STalker (1961) talk of the pressure of
'constantly being expected to pull rabbits out of the
hat'. Maintenance groups, by contrast, are often

very powerful (Hickson et al 1971).

It is suggested that specialists involved in different
groups exhibit distinct behaviour patterns; Sayles
(1958) discusses this phenomenon with respect to
blue-collar workers. Groups will develop particular
strategies to cope with their position. For example,
Research and Development under stress may induce

responses along the following lines:
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withdrawal into an ivory tower - adopt a 'take

etc.

it or leave it' attitude to innovation.

unification against a common enemy (the rest of

the company), strengthening of group identity.

fragmentation, loss of group identity and low

morale.
'marketing' - going out ot positively sell
Research and Development to the company, restore

confidence, redress the balance.

attacking - going out to denigate all other

functions, fighting back with similar weaponry.

Tt is also possible within the group for

different individuals to adopt different responses.

Other patterns can be derived; examples of elements

which might differentiate groups include:

his

tory

culture (sets of values, mythologies, ideologies etc.)

lei

sure interests

educational Jevels

pol

;tical strength or weakness



- autonomy/dependence

- strategic power/weakness
— commitment/alienation

- self-image

- confidence

ete.

Exploration of different groups on scales of this kind
would, it is suggested, reveal significant differences
which might lead to a tentative typology of specialist

groups .

(iii)  Interrelationship between groups:  as many writers

nave argued, differentiation into a large number of
specialist functlonal groups is a necessary consequence
of organisational growth. Activities like technological
ipnovation will require high levels of reciprocal
interaction and thus integration becomes a central

issue (this is discussed later).

Differences in group orientations will mean that their
members have radically different ways of looking at

the world. Inevitably this will result in conflicting
opinions, goals, etc.; the danger is that the line

between healthy competitiveness and stimulating

challenge on the one side and destructive conflict

lack of trust or confidence etc. on the other is very

thinly drawn.
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Many writers have addressed themselves to the
problem of conflict between groups; this theme
will be discussed elsewhere in more detail. It
appears that some measure of competition between
groups may be advantageous to high levels of
achievement but inadequately resolved conflict can

act as a significant barrier to effective interaction.

Another factor which relates to this issue is that
of relative dependence; some groups are vVery
dependent upon others for resources Or services.
The disproportionate power of maintenance groups
over other functions is often cited in this

connection (e.g. Hickson et al (1971).

Organisations are also political societies and we
should expect to see manifestations of this kind
of behaviour between groups. Efforts to maximise
control of resources, to expand territorial claims
ete. will be expected phenomena. In innovation
particularly, where new resources are being
created and committed, there will be considerable
political focus: Pettigrew (197Lk) provides an

excellent account of this kind of behaviour.

!
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(¢c) Contingent Factors

(1) Task-Related Variables

Variability amongst the demands of functional tasks
is associated with differentiation in organisations;

typical elements of variability will be:

task complexity

- time span of feedback

- uncertainty

— dependency (on other units)

- problem horizon (short or long term)
- information processing requirements

etc.

As has already been suggested, variability of this
kind will result in there being a number of 'frames
of reference' corresponding to different task
orientations. GCroups will tend to identify strongly
within these and to develop social orders of values,
norms, beliefs etc.: individuals Joining these groups
will quickly become socialised into 'production men'

or 'marketing men' etc.

This differential orientation can be disadvantageous
(in that 1t underlies conflict between groups - they're
different from us' — OT in that newly emerging groups
are seen as encroaching on existing territory (e.g.
Pettigrew 197L) or advantageous (as when project teams

represent/
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/a number of specialist groups to bring a spectrum of
different experiences and ways of looking at the

world to bear on specific problems).

Group-Task motivation: - in general, Cartwright and

Zander (1968) report that:

- group goals are more acceptable where members

are involved in their formulation.

- co-operative groups tend to be more effective,
with a higher degree of member satisfaction than

competitive groups.

- communications are more efficlent in co-operative
groups which put & greater emphasis on co-ordinating

individual member's contributions.

- co-operative groups generate more pressures to
achieve task objectives. In competitive groups
achievement of a solution is mainly dependent upon

one individual's contributions.

- group members will strive for success and attempt
to avoid failure where; (a) they perceive themselves
to be members of that group, (o) they perceive that

the group has 1ts own identifiable task.
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Success or failure in previous activities may also be
related to motivation and to propensity for risk-

taking.

(iii) Group Cohesiveness: - in general, the following facts

emerge (Krech et al (1962) Davis (1969)) .

- highly cohesive groups are more effective.

- highly cohesive groups are more likely to agree on

a common goal.

- cohesiveness increases in a cyclic manner with
success on problem—-solving tasks. Task failure or

imperfect goal attainment tends to reduce cohesiveness.

- task failure may increase cohesiveness where the
cause of that failure is attributed to factors

outside the group or beyond their control.

Whilst cohesive groups are desirable, they may 1limit
effectiveness along other dimensions. For example
heterogeneous groups have been shown to have more
value than homogeneous Ones, particularly in problem-
solving circumstances. Yet these groups are likely,

by virtue of theilr differential membership, to be

less cohesive.



Healthy competition within groups 1s valuable as a

stimulus: this can be restricted by excessive cohesion.

Sayles and Chandler (1971) suggest that too-highly-
integrated groups become 'insulated' from the rest of
the organisational world and lose their receptivity

to stimuli.

Relationships between members — there are two distinct

patterns of relationships, formal and informal. Formal
roles such as chairman, group leader, group participant,
secretary etc. define formal patterns of relationships.
However, all groups are in fact dominated by informal
role relationships: Benne and Sheats (1948) give some
examples of functional roles amongst group members.
Process analysis (Bales (1951)) reveals a variety of
behaviours (e.g. opinion giving and seeking, information
seeking and giving, supporting ete.) which serve to

describe the interactive display of relationships.

Other informal role relationships exist which are not
directly task—oriented but related to individual
personality; examples include joker, energiser,
standard-setter, peacemaker etc. These are important

in contributing to maintenance of the group.



Learning styles are also relevant in that some
types may be incompatible with others: Carlsson et al

(1976) discuss this phenomenon.

Sociometry (developed by Moreno (1948)) offers ways
of analysing the relationships between individuals

within the informal structure.

(v)  Group Norms: — in general Davis (1969) identifies the

following:

- norms vary in the degree of formality and the degree

to which they are shared by group members.

- group norms pervade individual judgements.

_  wide deviation from group norms tends to be
discouraged. Tolerable limits of deviation are
established within groups. Deviations outside
these limits result in negative sanctions such as

disapproval, rejection or expulsion.
_  norm conflict may result in mixed-norm groups.

In such groups there is a tendency towards

establishing mutually—shared norms.
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Norms are important elements in the historical

development of groups since they become institutionalised;
there is an accepted way of doing things. Newcomers

to the group find themselves socialised into these

value and belief patterns. Dale and Spencer (1976)
discuss at length mechanisms whereby norms are created,
upheld and changed: this has particular relevance to

a discussion of innovation since new technology may
violate norms concerned with accepted ways of doing

things.

Norms represent shared beliefs about behaviour
expectancies within the group: other cultural elements
include shared values, attitudes, opinions etc. The
cultural history of groups appear to play an important
part in differentiation: variations between groups

include ideological and even mythological differences.

Leadership Style — Style can be described as a pattern

of behaviour and, in the context of leadership will
describe the way in which the process of leading is
carried out. Effectiveness of leadership will be
measurable in the extent to which role responsibilities
are discharged successfully and group goals are

achieved. (Price 1972, Reddin 1970).



Research evidence on leadership tends to be confusing
because of the absence of clear definitions. There
appears to be little agreement as to what makes an
effective leader, although a number of contradictory
propositions have been advanced. Exhibit 16
summarises major theoretical contributions to the
field of leadership style. Another type of
representation of this data 1s given in Exhibit 17.
Of particular significance is the contingency theory
of Fiedler (1965) who argues that there 1s no one
best style, but rather that style should vary with

the demands of the situation.

Baumgartel (1957) examined leadership style 1in
Research and Development administration and concluded
that a participatory style ranked significantly higher
than either laissez—fare or directive on dimensions
of':

_ overall satisfaction with leadership

- attitude towards Research and Development director

~ importance attached to research orientation

_ extent to which the job provided for a research

orientation.
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However, the suggestion is made (e.g. Twiss 197L)
that the more highly programmed nature of development

activities might be better suited to directive

styles.

In the special case of problem—solving groups the
match between leader and participants is important.
Structured techniques like Synectics rely on process
rather than task leadership and Saward (1976) discusses
the various combinations of style matching under

these conditions.

The function of leader varies enormously with different
groups: some typical requirements are: decision-making,
activity leading, planning, information channel,
technical expert, support etc. For this reason, style
will depend on the type and composition of group and

its leadership requirements.



EXHIBIT 16 : Major theories of leadership and management styles

(saward 1976)

date

1911

1931

1938

1955

1959

1960

1961

1961

1962

1964

author

Taylor

Mayo
Roethlisberger
Dickson

Lewin
Lippit
White

Fleishman

Harris

Herzberg

Bass

Likert

Rerne

McGregor

Reddin

base

'Scientific
Management'

'Human
Relations'

Michigan
State
University
studies

Ohio State

job
satisfaction

Orientation
inventory

Comparative
management
systems

Transact—
ional
analysis

Comparative
management
systems;
theories X
and Y.

3-D theory

(extension of
Ohio state)
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central principle

engineering

motivation

participation

consideration
and initiating
structure as key
dimensions

motivation

consideration and
initiating
structure

participation

psychotherapy

interpersonal
behaviour

participation

consideration and
initiating
structure

major contention

high task
orientation best

high social
relations best

democratic
approach 1is
generally
best

no one style
is best

use of
'satisfiers'
leads to high
motivation

style must
fit situation
(contingency
approach)

(movement
towards
System U 1is
best)

style match
(I'm OK -
You're OK
is best)

Theory Y
is best.

style must fit
situation
(contingency
approach)



date

1964

1965

1968

1970

1971

1976

author

Blake,
Mouton

Fiedler

Adair

Argyris

House
Dessler
Stinson

Saward

base

Managerial
Grid

Multi-
observation
using least
preferred
co-worker
scale

Eclectic

Electic/
motivation

path-goal
(expectancy)

Synectics
groups studies

central principle

consideration and
initiating
structure
consideration and
initiating
structure

action-centred
leadership

'self-
actualisation’

motivation

style match

major contention

9,9 style is
best

style must fit
situation
(contingency
approach)

fulfilment of
of individual,
group and task
needs

individuals are
most effective
when they achieve
self-actualisation

style must fit
situation
(contingency
approach)

combination of
leader /member
style is best



EXHIBIT 17

: Framework of Leadership and Management Style

(Saward 1976 after Gagne 1939)

high

task T

orientation

(initiating
structure)

low

authoritarian (Levin et al)
scientific mgt. (Taylor)
theory x (McGregor)
low LPC (Fiedler)
benevolent autocrat:

related style (Reddin)
I'm OK - you're

not OK (Harris)
ORI task oriented (Bass)

participative (Likert)
managerial grid 9,9
(Blake et al)
executive/compromiser:
integrated style (Reddin)
I'm OK — you're OK (Harris)

democratic (Lewin)

Consultative (Likert)

ORI self oriented (Bass)

deserter/bureaucrat:
separated style (Reddin)

Laissez—faire

(Lewin et al)

ORI interaction

oriented (Bass)
Human relations (Mayo et al)
Missionary/developer:

'people’ orientation

(consideration)
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I'm not OK - you're dedicated style (Reddin)
not OK (Harris) High LPC (Fiedler)
I'm not OK -
you're not OK (Harris)
low high



(vii) Level of Development - The model proposed to illustrate

development levels in individuals applies equally well
to groups. As before, three key dimensions define the
space in which development can take place: awareness

(understanding), resources (ability) and will.

Groups, being made up of individuals, will have different
development patterns. Resources may be highly developed
insofar as the group can call upon a number of skilled
specialists: this is the philosophy behind the project
team. Equally a functional group may be deficient in

a number of important skills because of a defensive
orientation to outside contact. Since external
complexity is increasing, it is likely that the

incidence of new skills deficiency will also be growing:

resource development 1s important.

Awareness — understanding of the group, its role and
relationship to others and to the organisation is an
area receiving much attention through interventions
such as organisation development. The aspiration here
is towards cohesive, flexible self-confident, 'self-
actualising' groups which are well-integrated with the

remainder of the organisation.



(a)

Coping Strategies — Emerging from the preceding evidence

are a number of general strategies; these include

- group size should vary with the nature of task

group composition should aim for heterogeneity as opposed

to homogeneity in personality characteristics

- group cohesiveness should be high (this may be an
incompatible requirement with high levels of
heterogeneity)

-~ group conflicts should be resolved rather than 'smoothed'
over

- group status structure should be stable

—~ groups should operate at Tuckman's 'performing' stage of
development

- group communication patterns should vary with the nature
of the task being undertaken

- group behaviours should aim to be co—operative within and

competitive between groups

Groups cope with achieving their goals in the organisational
environment by employing a number of maintenance strategies.
Some of these have already been discussed - e.g. the withdrawal
of Research and Development groups into ivory-towered

isolation when faced with strong criticism of their role and
contribution. Political manoeuvering will be another way in

which groups attempt to maximise thelr control over resources

and their environments.



Improving group problem-solving has been the subject of a
number of approaches, the most commonly known of which are
brainstorming and synectics; Saward (1976) and Rickards

and Freedman (1978) review literature on brainstorming and

allied technigues.



Improvement Strategies - In terms of strategies for developing

group effectiveness, there are a number of available approaches.
Much has been done in the field of group dynamics (as reported
by Cartwright and Zander (1968), for example) and a great deal
about effective group management can be trained. Inputs of
this kind range from simple recognition of the value of the
informal structure and development thereof to sophisticated
interventions loosely classed under the heading of organisation
development. Team-building and training is a popular exercise
but there are many other options available. (Pfeiffer and Jones

1976) .

Conflict resolution is another area which has received considerable

attention (e.g. Filley 1977) and training in mechanisms for
resolving unproductive conflict has been demonstrated to bear

upon group effectiveness (Blake and Mouton 196k4).

Of particular interest are activities aimed at developing
effective groups of the nominal or short-life kinds - for
example, project teams. Horsley and Henderson (1978) describe
approaches adopted within I.C.I. for the large teams involved
in commissioning major capital plants. A range of team-building
and conflict-resolution training interventions were used and
resulted in teams representing various functional specialisms
which had a high and flexible problem-solving capability.

They report that commissioning of plants in this way appeared
fast and efficient, and that post-commissioning operating

problems were also quickly resolved.



Section 3 - Organisational level influences:

According to Galbraith (1977) organisation 'emerges whenever there
is a shared set of beliefs about a state of affairs to be achieved
and that state of affairs requires the efforts of more than a few

people'. He argues that, in organisations:-

- relationships among people become patterned

- the behaviour patterns derive from a division of labour among

the people and a need to co-ordinate the divided work.

A working definition of an organisation might be: 'One or more
groups, of people, who pursue some shared purpose, continuously
through time, using a division of labour, integrated by information-

based decision-making'.

In pursuing a shared purpose, some activities can be repeated in a
routine fashion, but, for other activities, new ways of doing things

will be required. New circumstances necessitate innovation.

Exhibit 18 presents a diagram indicating key elements in organising.
Within this framework, innovative activities are influenced directly
by structure, plans and policy, and indirectly by strategic objectives.

A1l of these elements will themselves be affected by pressures and

contingencies shown on the left: type of environment, technology,

personnel, culture etc. Sstructural factors will be considered first.
o ,
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EXHIBIT 18

Organisation Level Influences Model

]

obje?tive subjective environmental
contingencies contingencies factors
intensiveness - size - type
maturlty - technology - diversity
industry type - culture — pressures
ete. . — climate - constraints
ete. ete.
N
organisation structure /
- specialisation / . .
: N V- information about
— hierarchy -
. . L . . . environmental
- differentiation strategic objectives
developments
- control
- integration information about
performance
/N
activities planned and level of
(coping -+~ unplanned ) performance
strategies) change

improvement
strategies
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Structural Influences

Child (1977) indicates the components of structure and the

consequence of structural deficiencies.

Significant elements of structure are:-

- specialisation of jobs

- hierarchy and spans of control

~ horizontal differentiation

- 1integration

- control, delegation, formalisation

(i) Specialisation

Specialisation is, in one sense, a necessary conseguence
of growth; as industries develop, so new knowledge and
techniques arise which require the skills of specialists
- the emergence of computers is a typical example. If
is also, however, an element of dubious value in the
sphere of operative work: carrying Taylorism to its
extreme by reducing the range and increasing the output

of operations performed by, for example, & manual worker.
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These two aspects of specialisation have different

meanings for innovation.

Specialisation by knowledge: this creates a wider

range of resources and skills from which to develop
innovation. A trade—off is involved, however, with
accompanying increases in costs and complication of
existing relationships and communication patterns. For
this reason qualified specialists are not a sufficient
condition for innovation success, despite the suggestions

of some general studies.

Research over an international sample suggests a
relatively typical curve relating specialisation to size.
Child (1977): this argues that specialisation is a
consequence of growth. Conflicts between staff and line
managers have been reported in detail (e.g. Dalton 1950)
and Pettigrew (1974) provides an excellent descriptive
study of the emergence of, and resistance to, a new
specialist group within an established organisation.
Since innovation often creates new areas of knowledge,

skills resources etc. i1t will be responsible for the

generation of new specialisms.

- o2l -



Apart from political issues associated with control of
Dew resources etc., specialisation may give rise to
problems of fragmentation of outlook, understanding and
perspective. Conflicts of the 'us and them' variety
between specialist groups are common: equally there may
be different values and allegiances between the
organisation and 'professional' specialist groups.

These factors will bear on innovation success.

Specialisation by subdivision: In the case of operative

Jobs, trends have been towards greater subdivision,
simplification and standardisation; this approach is
criticised on a number of grounds. In the first place,
highly specialised and routine jobs provide little
opportunity for workers to find higher levels of need-
satisfaction (e.g. Maslow's model 195L). This has
demonstrable adverse clinical effects (US Department of
Health, 1975) and less obvious but potentially more

damaging psychological and sociological ones.

Education has raised the standard of ability in most
developed countries so that expectation of the degree

to which people wish to use their own Jjudgement has also
risen. HIghly specialised and standardised jobs tend

to require less judgement, in opposition to this trend,
and thus will provoke frustration and strain leading to
actions detrimental to efficiency. Absenteeism, strike
action, sabotage and high labour turnover can all be

viewed as symptoms of dissatisfaction.
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A warning example of this might be the Lordstown plant

of General Motors which, in terms of technological

process innovation, might otherwise be regarded as a

major advance. Cycle times per job are as low as 36

seconds - but the plant has consistently failed to

fulfil its potential due to industrial 'guerrilla’ activity.
With the strength of trade unions in the UK, the possibility
of process innovations in labour intensive industries

- e.g. automation of chemical works - is likely to be
strongly resisted on the grounds that it may erode still
further the degree of worker satisfaction and involvement.
It would also create redundancies and might well result

in political consequences during periods of high national

unemployment.

Little has been done to try and modify the effects of
operative specialisation; the most notable examples
follow the directions of job enhancement and job
enrichment. In the case of job enlargement, attempts
nhave been made to broaden the tasks performed whilst
maintaining vertical control of the operation. Job
rotation essentially follows a similar strategy.
Often this has involved a shift of emphasis from the
individual worker towards work groups adn favourable
results such as increase in satisfaction, higher
efficiency despite longer cycle times etc. have been

reported. (Trist and Bamforth, 1951, Miller and Rice 1967T).



Job enrichment is essentially a development of this theme;
following Herzberg, many writers now believe that 'adding
one Mickey Mouse job to another still only gives two
Mickey Mouse jobs'. Thus the trend is towards involving
workers in the control aspects of their jobs as well as
expanding their operational range. Much has been heard
recently about various Swedish experiments in this field
(Volvo, Saab/Scania, Orrefors Glass etc.) and similar
experiments have been reported in most Western countries
and Japan. 'Group technology' - the rearrangement of
grouping of machines etc. by function to their contribution
to a common product - has also been extensively tried

with some success; this method sets up relatively self-
contained work groups and provides the opportunity for
increased flexibility and decision-making. In general
efforts in the field of Jjob enrichment have attempted

to reduce specialisation so that:-

- each employee sees a tangible result of his labour

relative to the whole product.

— each employee is aware of the gquality of this result

via some form of direct feedback.

each job contains some personal challenge beyond

the exercise of mere mechanical movements.

each employee can organise his work to suit his own

rhythm, pace and capabilities.



Such experiments have not always succeeded and Hackman
( ) indicates some of the likely reasons for this.
However, as Child puts it, 'if greater satisfaction can
be provided through the restructuring of jobs in ways
that link its achievements to the economic reguirements

of the organisation, then the effort is well worth

making'.

Innovation, as we have already seen, requires the
commitment of all those involved and approaches like
those indicated above, seem likely to better provide for
this than more traditional methods of Jjob structuring.

A further benefit may well be that increase in worker
autonomy will generate more creative attitudes amongst
work forces, and give rise to suggestions for improvement

of products or processes.

Hierarchy and spans of control

(1) Hierarchy

The debate about 't3]11' and 'flat’ organisational

hierarchies 1s well—-argued: the general conclusion

is that in developling organisations, there should

be a trend towards broadening managerial spans

of control and thus 2 'flattening' of hierarchies.
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In the case of innovation, which relies so much on
individual motivation, initiative and commitment, this
trend must be seen as potentially advantageous since it
offers an increase in control over activities and

personal responsibility for them.

Hierarchical structures are usually defined by the number
of levels which are involved in an organisation of a
particular size. 'Tall' then refers to a high number,
'Flat' to a relatively low number for a given size.
Research on this factor (Pugh et al, Kieser and

Child 1977) indicates that hierarchies follow a distinct

pattern.

Superficially, there is little to support the continued
existence of tall structures: they give rise to problems

like:-

- high administrative overheads

- communication problems

— dilution of top management control

- ambiguity of role and task

_ reduction of subordinate motivation

_ AN —



(2)  Spans of Control

Problems associated with wider spans of control act to
resist the trend towards flatter structures. Classical
theorists (e.g. Fayol 1949, Urwick 1953) argue for a
limit on managerial control spans - principally on grounds
of personal limitations of attention, memory, energy etc.
Graicunas (1933) demonstrated that an arithmetic increase
in the number of subordinates is accompanied by an
exponential increase in the number of relationships

to be managed. The desire to restrict control to the top
of an organisation is incompatible with this principle.
Only in the small organisation can spans of control and
levels of hierarchy be restricted: this suggests one set

of administrative advantages associated with small size.

The real issue involved is control over what. Activities
which are programmable and predictable will offer low
supervisory burdens and thus low limitation of spans of
control. By contrast, uncertain, non-programmable activity
such as innovation will place a strain on simple supervision.

Woodward (1965 suggests the following determining factors:

( i) degree of interaction between personnel and units

under supervision.

( ii) degree of dissimilarity of activities under

supervision.



(iii)  degree of physical dispersion of activities.

( iv) incidence of new problems in supervisor's unit.

( ) extent to which supervisor must carry out non-
managerial duties and demands on his time from

other people and units.

Aspirations of individuals towards autonomy requires that
a balance be struck between their capability and the
technical complexity of the overall operation. The
discretionary content will be limited by knowledge,
experience and task-related contingencies. In the case

of innovating groups, integration of different specialists
is important; high levels of cohesion are required to cope
with uncertainty and new information. Size of such groups
should be restricted: research suggests that beyond eight
members, conflicts between factions emerge, participation
decreases and the number of relationships to be managed
increases. There is thus an argument for a number of small

innovating teams loosely grouped under a formal umbrella

function.

Motivation is relevant here: one argument for widening
spans of control and reducing hierarchical levels is
that people tend to respond in positive fashion to

increased scope and responsibility.
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(ii1)

Horizontal Differentiation

As vertical differentiation poses problems sbout the best

configuration of levels and spans of control, so the

grouping together of the range of jobs in an organisation

is also important. Amongst the principles under which

grouping can take place are:

according to function: members of organisations
sharing common expertise and drawing on common resources

(even when working on different projects).

according to process or technology: examples of this
might be production units making different products
using the same plant, or Research and Development using

pilot plant for different trials.

according to product: specialist tasks often contribute
to the same product or family of products which are

essentially similar in terms of market and technical

factors.

according to time horizon: tasks can be linked together
when they share similar time horizons: operations like
production have a day-to-day orientation whilst others

1like Research and Development are concerned with long-

term future events.
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according to geographical location: specialists
grouped by situation, e.g. Research and Development

or production units on their own separate sites.

These arrangements can, in practice, be combined in

various ways. Choice depends largely on size and complexity
in the organisation: as small firms grow, it becomes
necessary to group via more formal arrangements. In many
cases, functional grouping is the natural arrangement until
problems of diversification arise. If an organisation
continues to grow and become subject to tighter time
constraints in adopting new products or processes, then

the simple functional system will begin to break down under
the strain. Product structures begin to emerge when an
organisation produces two or more distinct ranges of
products or services, which are different in their technical
make-up, production requirements or types of outlet.

Giant corporations, especially multi-national ones represent
the extreme case of this, where separate divisions have
totally different areas of activity. Innovation is an
important determinant here; the higher the rate of
technical change and the greater the pressure for rapid
response to external changes, the more the product system

will emerge as more appropriate than the simple functional

approach.
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Walker and Lorsch (1968) report a comparison between two
similar firms operating functional and product systems
respectively. They found that in the functional structure
specialists tended to identify with their departmental
goals, with other members of the same functional areas,
had a generally short~term outlook and was characterised
by a high degree of formality in procedure, job definition
etc. By contrast, the product-system firm had a higher
awareness of common goals within the firm, a wider range
of time horizons adopted, had more effective communications
and resolved conflicts more openly. They conclude that

in conditions demanding some change and active problem-—
solving a product form may prove superior because it
encourages more intensive communication, confrontation of

issues and integration of effort.

Structures can be seen as networks through which flows

of information and resources pass; thus the decision on
the grouping arrangement will largely depend on the demands
of the flow system. In an activity like innovation which
requires a high level of integration and flows between a
wide range of specialisms, it is likely that a simple

functional grouping will be insufficient.



A number of 'mixed' structures have been experimented with:
'systems' models and matrix organisations are the two

best known. In the former case, usually practised between
divisions of large organisations, there is a central pool
of resources in certain specialist areas from which various

functions can draw - e.g. corporate research or computer

systems.

A matrix structure whether temporary, as in the case of

a multidisciplinary project team, or permanent, is
characterised by a product logic grouping within a broader
functional framework. It draws together resources from

a wide variety of functions in order to accomplish some
specific task. The principal advantage of this arrangement
is that formalised lines of lateral communication are
superimposed on the vertical hierarchies of functional
departments — i.e. there is a formalisation of the informal

communication structure which normally exists between

departments.

This method raises some problem issues. Of necessity it
will give rise to role ambiguity and uncertainty for
individuals involved; the formalisation of conflict
between functional and project criteria will inevitably
lead to mixed objectives and responsibilities and
political sctivity will emerge at a high level. The
problem of 'serving two masters' may well represent major

difficulties for organisations trying to implement matrix

structures.



In terms of the positive aspects of matrix organisations,
they help to preserve flexibility within the rigid
constraints of most structures. Burns and Stalker (1961)
argue strongly for the adoption of 'organic' systems to
cope with the creativity and speed of response required
to changes in a dynamic environment — such as the adoptive
activities involved in innovation. Matrix arrangements
can be viewed as an attempt to move towards organic and
away from mechanistic systems which assist an organisation
to match its degree of internal flexibility to that
required by the complexity, change and uncertainty of its

environment.

Other advantages are:-—

- stimulation of competition within an organisation

delegation of authority to less senilor managers

(improving motivation and management development)

_ increasing participation (giving everyone an

involvement in significant decisions)

exposing specialists to a wider range of considerations

(broadening outlook) .
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In essence matrix structures represent an attempt to
retain the advantages of functional grouping such as
economic operation and development of technical
capability, whilst trying to co-ordinate resources in a
way which applies them effectively to a variety of

organisational outputs.

Control, delegation and formalisation

This element is essentially concerned with regulating
activities within an organisation to remain in line with
expectations of policies, plans, targets etc. Traditional
views emphasised the vertical nature of control from
above, but this method has devious limitations because

it does not admit feedback or the need to secure
motivation from those directed. Complex and diverse
organisations force some measure of decentralisation of
control to sub-units by virtue of problems of size and

communication.

As Child puts it 'control involves the definition of what
people and units are to do, the establishment of criteria
against which the performance of their activities 1s to

be assessed, and a feedback of information as to what has,
in the event, taken place. There should also be provision
for feedforward control in which predictive forecasting

information is used as & basis for assessing whether

adjustments to plans are necessary'.



So the choice of control method should be compatible
with the needs of the operating situation, and with the
motivational needs of those involved. This may well
prove a difficult decision because of the need to
strike a balance between orderly administration and
unity of action on one hand, and encouragement of

initiative and contribution on the other.

Child identifies basic dimensions of organisational

choice with respect to control:-

(a) Centralisation vs delegation. These two do not

necessarily represent poles of a continuum, since
it 1s likely that a mixture of them will be
required - e.g., it is sensible to allow for
delegation of routine operational tasks to allow
senior management freedom to cope with more
significant work. Carlisle (197L4) lists the

following advantages for centralisation.

- if decisions are made at one point, it is
egsier to co-ordinate the activities of the
sub-units or individuals who report up to

senior management.

from their position in the organisation, senior
management are better placed to make decisions
which will accord with agreed policies and be
consistent with the interests of the entire

organisation.
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centralised control provides a way of keeping
the various functional areas in an appropriate

balance with one another.

centralisation can economise on managerial

overheads.

—~ top management have much experience by the time
they reach senior positions and thus it is
arguable that they will be particularly capable
of making good decisions and exercising

appropriate judgement.

- centralisation encourages strong leadership by
focusing power, authority and prestige onto a
'central key position, and affords an opportunity
for speedy decision-making in response to

unexpected crisis.

Arguments for delegation are:-

~ it relieves senior management of some of their
burden of responsibility, reducing stress and
leaving them free to cope with policy matters

of longer-term consequence.



motivational consideration suggest that people
are willing to give more to their jobs when

they have a high degree of individual freedom,
discretion and control over their work, as in

a delegated system.

by developing judgement, ability to copy with
uncertainty and other skills associated with
assuming responsibility, delegation helps
provide senior managers of the future with

relevant experience.

it permits greater flexibility and a more rapid
response to change at operating levels in the
organisation because decisions do not have to
be referred up the hierarchy unless they are

exceptional in nature.

so long as he is aware of,understands, and
accepts corporate policies, the man on the spot
is likely to make better decisions for reasons

of greater awareness of local condition in which

the problem arises.

by establishing relatively independent sub-units
within an organisation where managers are
responsible for their own operations, delegation
can result in more effective controls and

performance measurement.
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From evidence available (e.g. Child and Kieser )
it appears that choice of control will depend on

a number of contingent factors: Carlisle lists

the following:-—

- the basic purpose and goals of the organisation

- the knowledge and experience of top-level

managers

- the skill, knowledge and attitudes of subordinates

- the scale or size of the organisation

- the geographical dispersion of the organisation

- the scientific content of the technology of

tasks being performed

- the time frame of the decisions being made

- the significance of the decisions to be made

- +the degree to which subordinates will accept

and are motivated by the decisions to be made

_  the status of the organisation's planning and

control systems



-~ the status of the organisation's information

systems

- the degree of conformity and co-ordination
required in the tasks and operations of the

organisation

— the status of external environmental factors

such as governments, trade unions etc.

In general, there appears to be a strong connection
between the degree of centralisation/delegation and
the information-processing requirements of an
organisation; the less stable the conditions, the
greater the need for delegation. Only in quite
small organisations does concentration of decision-
making make for superior adaptation to external
changes. As uncertainty increases, it becomes more
cfficient to bring the points of decision down toO
the areas where information exists. Increasing
employee discretion alone introduces the problem

of ensuring that choice will consistently follow
lines appropriate to the organisation. This can

be done by increasing the degree of professional
specialisation so that employees become responsible
for their own areas. Goal setting (management by
objectives) can be used to integrate local group

goals to overall policy; within specified



constraints, the local group is free to make decisions
and to use its discretion. When planned targets are
exceeded or constraints violated, the problem is referred
upwards through the hierarchy; so called management

by exception.

Formalisation vs Informality. Policies, procedures,

rules, definitions etc. are all attempts to maintain
control via formal mechanisms; these are often
complementary to centralised systems and will be best
suited to stable conditions. Research has indicated
that the degree of formalisation increases as the
organisation grows in size (e.g. Webber 197kL); this
is necessary in view of the greater complexity to be
controlled. However, there are disadvantages to this

mechanism of control, such as:-

- 1t is poorly adapted to the rapidly changing demands

of a complex, unstable environment.

- it threatens people's informal mechanisms for
doing things and may be seen as an intervention

designed to limit their discretion and autonomy.

- it may introduce new and unattractive methods and

procedures.

it may reduce innovative contribution and sense

of direction.



There is an important trade-off to be made here;
centralised firms may use formal systems to 'delegate'
decision-making etc. whilst retaining a measure of
control, and evidence suggests that delegation/
formalisation strategies are the most effective in
terms of financial criteria. The critical issue,
particularly for innovation, would seem to be one of

organisational flexibility vs rigidity.

(v) Integration

One of the inevitable consequences of organisational growth

is increasing vertical and horizontal differentiation: the
dangers of breakdown in this system are apparent, particularly
when the organisation comes under stress. Results of lack

of integration are delays, inefficiencies and frustration,

the elements of the organisation using their energies in

a destructive, internal fashion, rather than a productive

external one.

The ‘centrifugal' tendency (Child 1977) of organisations
means that, beyond a small size, where informal integration
is possible because everyone knows everyone else and shares
common goals, there will be a need for formal solutions to

the problems created by differentiation. The problems often

have the following characteristics:-



communication links tenuous, people tend to communicate

within, rather than between, departments.

- identity with own department at expense of integrating

with other groups.

- different tasks, processes, time horizons etc. harden

into 'us and them' attitudes.

- disputes over resource allocations.

- wvariations in norms and values between groups.

Tn the case of an organisation carrying out work under
stable conditions, integration can be performed by
standardised procedures, regular meetings and referral
upwards of difficult decisions. However, for the case of
a complex and demanding environment which requires rapid
decisionsand freguent adaptation, these procedures will
be insufficient. Since the rate of change, and the
complexity of problems faced, are increasing for most
growing organisations, achievement of progressively higher

degrees of integration becomes a major priority for

management.

child (1977) sdentifies the following areas where integration

may prove an important issue.



- relating 'peripheral' to 'core' groups (e.g. branches

to headquarters).

- securing and evaluating information from outside the

organisation for planning purposes.

- promotion of innovation and integration of the specialists

involved into the mainstream organisation.

- creation of effective production management teams.

- co-ordinating complementary services offered by different

professions.

Lawrence and Lorsch (1969) in their study of the management
of differentiation and integration show that performance 1is
directly linked to integration capability of a firm. The
most successful firms adapted their structures to suit the
demands of the environments in which they were operating:
‘n several cases, the firms were involved in the plastics
industry and their product innovation process was
characterised by high levels of technological and market
uncertainty. From their and other studies it is possible

to identify a number of integrating mechanisms most of

these fall into one of Thompson's (1967) three categories.



(a)

(v)

(c)

integration by standardisation — this involves the
establishment of rules and procedures which
channel actions of differentiated units into a

consistent pattern.

integration by planning - this involves planning

and scheduling of activities so that they can be
brought together: this method offers more flexibility
in that plans are amenable to modification at short

notice.

integration by mutual adjustment -~ in Thompson's terms,
this involves direct transmission of information
between people and the mutual adjustment of their
actions in the light of that information. Examples

are:—

- direct contact between individuals sharing a problem
will be the simples method: here the problem is

solved by direct discussion and action and avoids

referral upwards.

- where there is a more regular and higher volume
of contact between groups engaged on sub-tasks -
e.g. development and commissioning activity - 1t

may be necessary to set up a liaison role to handle

intergroup contacts.
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where there is contact between several groups -

€.g. research, testing, production etc., it may

be necessary to extend this principle to setting
up a task force with the responsibility for

resolving interdepartmental problems.

- creation of a general integrating manager role to
provide an element of leadership in large-scale
co-ordinated activities, e.g. project manager,

product manager etc.

- matrix structures - discussed earlier

- project teams -

Evidence (Van de Ven, Delbeaq and Kuenig 1976)
indicates that the use of lateral co-ordinating
mechanisms increases with task uncertainty as the use
of rules and procedural mechanisms declines. Also
hierarchy remains a constantly used point of referral,
and organisations tend to use several co-ordinating

mechanisms simultaneously.

Bureaucratic organisation forms, which are the
prevalent model for most industrial firms, rely heavily
on the first two of these forms of integration. For
stable operating conditions, this is probably the

best arrangement since 1t is simple, cheap and

depends upon plans and procedures, on people knowing

where they stand.

- 248 -



Moving out of these conditions will force a gradual
breakdown of this system, however, and integrative
mechanisms of the third category will have to be sought.
Innovation invariably involves an organisation in complex,
unstable areas of activity, and thus it 1s for

integrating mechanisms of the mutual adjustment type

that firms involved with technological change should

be concerned.

A fourth approach should also be mentioned here: as
outlined by Beer (1973), it represents a cybernetic
view of organisation. He argues from Ashby's Law of
Requisite Variety that increasing complexity (= variety)
in the system must be matched with an increasingly complex
regulatory system. Eventually (and he argues that we
may have already reached this point) it will be
impossible to operate such a complicated system.
Strategies to cope with this kind of breakdown would
have to involve structural changes aimed at producing
'variety sponges' to absorb excess variety and leave

the system controllable.
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Environmental Influences

Type of Environment

Attention has been drawn to environmental
gqualities in the section reviewing characteristics
of innovation: these findings will be briefly

reiterated here.

Environments vary along dimensions of simple/
complex and static/dynamic (Duncan 1975).
Dynamic environments are those in which changes
are difficult to predict and which involve
departures from previous conditions. Complex
environments are those in which the organisation
is involved in many interacting and diverse
sectors and is required to monitor large amounts

of external information.

Both of these factors contribute to the
uncertainty involved in organisational response
to the environment and thus have important
strategic implications. A number of writers

nave identified possible organisational responses

which relate to successful performance in
uncertain environments. (Burns and Stalker

1968, Lawrence and Lorsch 1969, Duncan 1975,

Khandwalla 1972).



These include:-—

reduction of need for information processing.

Galbraith (1977) suggests this can be

achieved by environmental management,

creation of slack resources or creation of

self-contained tasks.

(a)

environmental management is an attempt
to reduce uncertainty by controlling
the environment: this is usually
achieved via vertical integration.
Other mechanisms include mobilising
support of influential groups, e.g.
public opinion, entering into joint
agreements and cartels which control
the competitive aspect within limits

etc.

creation of slack resources is an
attempt to reduce uncertainty by
lowering the level of performance
expected; this reduction in tension
means that constraints are loosened
on projects and there is a greater

likelihood of success.



IT.

creation of self-contained tasks is
an attempt to reduce uncertainty by
breaking the major task down into a
series of sub-tasks. Each sub-task
is handled by a group which has all
the resources and complete responsibility

for carrying it out.

Increase capacity to process information

- this can be done by investing in vertical

information systems or by creating effective

lateral relations.

(a)

investment in vertical information
systems will allow an organisation to
process information acquired during

the performance of uncertain tasks
without overloading the hierarchical
communication structure. Mechanisms
for providing this extra capacity would
include computers and a growing range

of management information systems.

creation of lateral relations will
involve moving the level of decision-
making down to where the information
exists rather than bringing the

information up to the point of
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IIT.

Iv.

/hierarchical decision.

high levels of internal differentiation:
environmments with high uncertainty
characteristics force an organisation to
place specialists at its boundaries to
link with the outside world; this
proliferation of specialist differentiation
is often accompanied by greater delegation

(as above).

high levels of integration: these are
usually achieved through flexible,
participative processes rather than formal,
mechanistic ones. Demands of differentiation
will require that integration between
specialist areas co-ordinates them effectively
so that the organisation can continue to
adapt to high levels of external change

and uncertainty. There will be a need for
effective conflict-resolution mechanisms,
e.g. confrontation, and for low-levels of

formalisation and high levels of delegation.



Diversification is another important strategy which
large organisations tend to make use of: it represents
a special case of delegation whereby autonomy for
working in certain areas of business is granted to
divisions. Evidence e.g. (Stopford and Wells 1972)
indicates that companies which have 'divisionalisead!

their operations tend to be superior performers.

Another important study (Estafen et al 1970) indicates
some of the factors which differentiate American
companies as more successful than European ones in
the management of envirommental factors. In general
they have a far more mobile and fluid approach to the
world; information,men and materials all seem to move
more quickly and easily in the American company. A
model of the firm/enviromment interaction 1s suggested
(Exhibit 19). Exhibit 20 illustrates comparative
strategies to cope with these interfaces: it is clear
from this that the American approach offers superior
guidelines to operation within complex, dynamic

environments.

Many theorists argue that tasks of organisations will
become more technical, complicated and non-programmed,
as environments become increasingly interdependent,
turbulent and longer—-term projects become the norm
(e.g. Schon 1970). They argue that the key defining
feature of contemporary society is change rather than
stability and thus that organisational requirements
will be different in character, involving diverse/
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EXHIBIT

19

: Model indicating elements of company/environment
interaction

(Estafen et al 1970)
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and highly specialised competence (e.g. Bennis 1961).

Implicit in this is a need for organisational (=
structural and social) innovation to match the demands

of a rapidly changing world.



EXHIBIT 20

Interface

(i)

(ii) Competitors

(i1ii) Suppliers

Stockholders

Comparison of interfacial management characteristics of

American and Spanish Firms (Estafen et al 1970)

Characteristic

ownership

management

value of equity

(1963 - 1)

supplies

information to
owners

other business
or social
organisations

firm's ranking
of competitive
priorities

competition by
new product
development

change in
relative
competitive
position over
1963-7 period

Supplier of
materials and
money

informal
contacts

Spanish

family-owned

few owner-managers

more or less
constant

land and buildings
rented from owners

little, infrequent

utilised

(1) price
(2) quality
3 service

little or none

unchanged

small number

infrequent

5T =

American

one-parent company

few owner-managers

increased 58%

capital equipment
and raw materials
from parent firm

detailed and
frequent

not utilised

(1) quality
(2) service
(3) price

three firms

improved by new
product, better
market
distribution

large number,
information
readily available

frequent - more
than twice a
week



Interface

(iv) Consumers
(v) Government
(vi) Labour

(vii) Other
Institutions

Characteristic

number of clients

marketing managers

credit

emphasis of
advertising

industrial
products sale

(sales (1963-7)

government
restrictions

taxes paid

1963-7

reports to
government

total
employment

salaries for
unskilled
workers (1967T)

salaries

1963-7

outside groups
contacted

educational
donations

Spanish

1800
(wholesalers only)

not hired from
customer's firm

same terms as

American firms

quality of
product

occasionally
provided technical
information after
sale

up T5%

no complaints

up 100%

complied with
law

20-30% more
than US firms

792 ptas/wk.

up 193%

Barcelona Chamber
of Commerce plus
plus one industry
association

made by two
firms

American

1500
(many retailers)

one or two from
customer's firm

greater percent-
age of long-term
credit sales

(1) new products

(2) familiaris-—
ation with
product name

always provided
technical
information
after sale

up 1437

tax, import and
labour tax

up 124%

twice as many
as Spanish
firms

more white-—
collar workers

887 ptas/wk.
and more fringe
benefits

up Lh%

long list of
professional
and industry

made by many
many firms



(¢)  Contingent Influences

(i) Growth and Sigze

It is a necessary condition in striving for
equilibrium that organisations change their sige:
in most cases this will be s growth activity.
Whether growth is a good thing is a matter for
concern: Marx argued that accumulation was the
inex orable logic of capitalism which would be
pursued until exploitation of people and resources
rose to an intolerable level. Certainly large<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>