H L oughborough
University

University Library

Author/Fihing Thtle ... \Z"rég e eee e e v e e
e
Class Mark . ... O

Please note that fines are charged on ALL
overdue items.

0402889541

(TN

BADMINTCN PRES!
UNIT 1 BROQOK ST

SYSTCON
LEICESTER INLIET 1C
TEL - 0116 260 291;
FAX . 0116 269 663







ENHANCING TECHNOLOGICAL CAPABILITY IN SMALL
MANUFACTURING SUPPLIERS:

Customer Influence and Supplier Action

by

Fiona M. Reed

A Doctoral Thesis

Submutted 1n partial fulfilment of the requirements for the award of

Doctor of Philosophy of Loughborough University

May 2003

© by Fiona M Reed 2003




PP i B L S 1 b o o M ISR Y
S22 Lonppboaugh
“%?E:{g g-i;&i'gw::r "é \(‘ .‘

;) by o Vot
T '-xf':\m-&
£
Datr S.d,. "f :
s v - on o,
| Class :
"
Acc W - - m*n“g
No A S 3

e -r -




Abstract

This thesis 1nvestigates how small manufacturing firms gain awareness of future
technological requirements, through a process described as “technology lookahead”.
This process 1s an important step towards developing technological capabilities which are
appropriate to future market needs The research presented here 1s exploratory 1n nature,
and follows a route of bwlding and revising conceptual models or frameworks for
understanding. A scoping study 1s used to identify two main themes for in-depth

research.

The influence that customers have on technology lookahead 1s explored first, through
case studies of two suppher development programmes  While neither of the supplier
development programmes are found to be very active 1n addressing technological 1ssues,
they appear to be successful in building up nter-firm relationships which enable the

sharing of strategic technology information

Since there 1s a danger that over-reliance on customers for information can lead to short-
term technology strategies, the second part of the research focuses instead on how small
companies acquire information from sources outside the supply chain for technology
lookahead  The main finding from surveys and interviews 1s that while small
manufacturers are active m information acquisition, they tend not to be conscious of
seeking strategic technology information Although the process of technology lookahead
15 not recognised, 1t 1s likely that 1t occurs alongside activities with shorter-term goals,
and 1s vulnerable to the same barners as information acquisition. A particular problem 1s
identified for small firms investigating unfamiliar technologies or markets, where they

may not be able to find information or utilise the information that is available to them

The research calls for greater recognition of the process of technology lookahead, and

suggests that 1t may be n the mterests of large firms to support their suppliers in this

activity - for the benefit of the whole supply chain
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1. Introduction

Manufacturing industry in the Umted Kingdom is undergoing major change, shaped and
pulled by both local and global forces Competition is now on a world-wide basis, and
this has a profound effect on decisions concerning how and where products should be
designed and manufactured Many compantes have embraced the concept of "core
competencies” (populansed by Hamel and Prahalad (Hamel and Prahalad, 1994)),
concentrating all of their resources on those activities which provide them with an
advantage over their competitors, while entrusting non-core activities to suppliers and
sub-contractors  Operations which are not central to the success of one firm may
nonetheless provide a key mput to the final product, and so every part of the supply

network contributes to the competitiveness of a product to the end-user,

Increased outsourcing means that the role of firms within the supply network 1s changing.
In technology-based industries such as aerospace and telecommunications, the large
multinational companies - which were the onginal equipment manufacturers (OEMs) —
are now focussing on systems integration as their core competence (Bertodo, 2002)
Design and manufacture of sub-systems and sub-assemblies are increasingly being
outsourced to their suppliers (Handfield et al, 1999). Clearly this demands new skills,
expertise and technological capability from suppliers, who 1n the past may have only

manufactured components,

The research presented 1n this thesis stems from a research agenda set by two major
aerospace companies 1n the UK who have expenenced difficulties 1n finding suppliers to
meet their needs, particularly 1n terms of providing products with integrated mechanical
and electronic functionality These companies have a particular mterest in long-term
supplier technological capability, and therefore the research aimed to investigate what 1s
influencing suppliers 1n their technology innovation and lookahead (or awareness of
future technology requirements and alternatives) The particular foer of this research are
the smaller sub-assembly supplers who face the greatest challenge in finding the

resources to explore new technologies and develop their capabilities.

Specific technology challenges faced by suppliers include the drive to make products

smaller, lighter and cheaper, but with greater functionality and higher performance and

precision  Often these requirements can only be met by the integration of different

1




technologies nto a single product (Kodama, 1992), for example by embedding
electronics 1nto a mechamcal component or incorporating optical functions nto an
electronic sub-assembly While a firm may have expertise 1n one technology area, 1t may
not have expertise 1n another area nor in the manufacturing process 1ssues ansing from
the ntegration of different technologies Other technological challenges anse from the

need for products with a better impact on the environment.

The new demands on suppliers are exacerbated by the rapidly changing technological
environment. Novel product and process technologies are constantly appearing, and 1t
can be difficult to predict in which 1t may be worth investing. Compantes may need
some form of "technology lookahead" — the ability to i1dentify the important new
technologies and to acquire or develop them at the right time. This was 1n the past much
easter for the vertically integrated OEMs than 1t currently 1s for smaller supphiers This1s
because the former had a certain amount of "slack" in the system (in the form of
employees with a broad range of technical expertise plus adequate financial resources for
research and development) to maintain awareness and expenment with potential new
technologies For small compames, 1t 1s much harder to devote resources to long-term,
speculative projects at the same time as developing the next product and manufacturing

the current one

It 1s however critical that small firms continue to update their skills and strengths if they
are to avoid losing business to more innovative competttors. The increasing pace of
change also mantfests itself in competitive pressure to munimise time-to-market,
requirntng shorter product design cycles Simultaneously, product hifecycles are being

compressed, which leaves less time to recoup investment and make a profit.

The financial pressures on small firms are not helped by the trend to rationalise the
supply base The need for rationalisation anses partly from the drive to reduce the total
cost of acquisition, partly from the need to ehminate duplication following mergers and
acquisitions, and partly in order to be able to devote more resources to buildng
partnerships with key suppliers. It 1s increasingly important for suppliers to be seen as
providing good value for money, or they may lose their "preferred supplier” status,

Increased global competitton means that prices are under pressure from firms 1n lower-

cost locations, and the demands of end-users for cost reductions also tend to be passed
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down through the supply chain. How much resource, therefore, can a small company

afford to devote to technology lookahead?

The aim of this thesis 1s therefore:

» to identify and evaluate mechanisms for maintaining and developing

technological capability in small manufacturing suppliers.

If suppliers 1n the UK are not technologically competitive, they will either inhibit the
performance and success of the end product or system, or they will lose therr position in
the supply network. The focus of the thests will be on smaller suppliers 1n particular,
because they face the greatest challenge in developing technologically whilst overcoming
resource mitations Small manufacturing suppliers are also of interest to "UK plc"

because they provide around 10% of employment in the UK (Small Business Service,
2001).

There will also be a particular slant towards the needs of companies operating in mature
industry sectors, where the 1ssues concerning technology are rather different to those of
new start-up companies m emerging mdustries. (For start-up firms, the challenges are
often more to do with establishing a market and having the winmng technology, rather
than meeting the long-term technology needs of a mature market ) The focus on mature
industry sectors allows the opportumty to consider the development of technological
capability in a relatively stable environment, where technological choices, such as
mtegration of different technologies within a product, are not completely overshadowed

by other considerations

The topic chosen belongs 1n the broad interdisciplinary research field of technology

management, which boasts an ever-expanding number of academic journals drawing on

contributions from economusts, policy research, management schools, engineers and

social scientists Within or related to the field of technology management, the research

presented 1n this thesis links into the following research areas

e nnovation - mmprovements 1n technological capability rely on innovation within
individual firms 1 ¢ the introduction of new products or processes

e technology diffusion - the adoption and spread of new technologies

e new product development - the processes by which new products are created

(including decisions regarding which technologies to incorporate or use to

manufacture the product)




* concurrent engineering — a method of developing products using interdisciplinary
project teams to reduce development times, which may be extended to involve
suppliers (early supplier involvement or “supplier-in-loop™)

e [fechnology strategy and planmng — determunes which technologies should be
acquired or developed through which mechanisms (e g. internal research and
development (R&D), firm acquisition or partnership)

e technology forecasting, identification, assessment, selection, acquisition and
explottation — specific technology management techniques relating to the previous
point (e g. technology roadmapping)

e R&D management — the selection, execution and assessment of research projects and
product and process development

o metrics and evaluation — the challenges associated with assessing success, whether 1n
R&D projects or supplier performance

o lnowledge management — 1ssues concerning technological knowledge 1n both tacit
and explicit forms, and how to codify, store and retrieve that knowledge

o ntellectual property (IP) —how to protect and exploit technological innovation

¢ co-operation, alliances, mergers and acquisitions — accessing and exploiting new
technology through relationships with other firms

* management of people and change management — how to work with employees to
facilitate the growth and deployment of their technological knowledge and expertise,

and to successfully introduce new technology into the firm

Although the research presented will touch upon many of these issues, certain areas have

a particular relevance to the mechanisms of mamtaining and developing technological

capability in the manufacturing supply network These are:

e nnovation and fechnology diffusion

e (inter-organisational} concurrent engineering

o technology strategy and planning

o technology forecasting, identification, assessment, selection, acquisition and
explontation

Topics directly concerning product development are not considered in great detail

because this rescarch focuses more on the underlying and enabling technologies rather

than the complex techmical and commerctal issues surrounding new product

development R&D management research would be pertinent were the primary interest




1n large companies, but the focus of the research 1s on smaller firms who may not have a
dedicated R&D function

Outside the field of technology management, there are two other especially relevant

research areas

* strategic management ~ looking at broader strategic 1ssues beyond technology

o supply chain management and supplier development — examines the strategic use and
management of suppliers, predominantly from a logistics perspective but sometimes
relating to technology. It provides background context concerning processes for

interaction between customers and suppliers

The next chapter will explore the literature in the areas highlighted, as well as some of
the background issues concerning the relevance of this research, i order to place the
work of this thesis 1n context. As will be explained 1n Chapter 3, the research followed a
cyclical pattern, where literature, pnmary research and theorising continually re-shaped
the form of this thesis The thesis 1s however wntten 1n a linear fashion, and the roadmap

presented in Fig. 1.1 will help the reader to navigate the chapters




Ch. 1 - Introduction

¥
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Innovation
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2. Background and Literature

This chapter begins by considering the background context to this research, referring fo
relevant literature as appropriate. The focus is then on the “prior art” - how the
existing literature tackles the issues of concern to this thesis, namely the influences on
technological capability in small manufacturing suppliers The chapter concludes by

dentifying how this research will contribute to the hiterature

The literature review follows a series of questions which are intended to help the reader
to understand the structure of the chapter The questions reveal the approach taken by
the author in identifying relevant literature — since the research touches upon many
different academic fields the literature review 1s by necessity selective rather than

comprehensive

2.1. Background

This section explores in more detaill the motivation for this research {which was
introduced 1n Chapter 1). This involves considering why the technological capability of
manufacturing suppliers might be of interest, and then examining the evidence for why
the s1ze of those supphers (1n terms of numbers of employees) might be relevant These
factors are used to set the boundaries of the types of firms which are of interest to this

study, 1n terms of their size and industry sector.

2.1.1. Why Does the Technological Capability of Manufacturing Suppliers Matter?
This question 1s considered in two parts — starting with technological capability and the
mmportance of technological mnovation, then looking at the increasing reliance on

suppliers to provide this competitive edge

21.11  Importance of Technological Innovation in Giving a Competitive Edge

Technological innovation 1s widely recognised as being vital to the competitive success
of individual compames and whole industry sectors (Porter, 1985). Without the
mtroduction of new products, new processes or new technologies, firms are unlikely to
survive. [nnovation can create new possibilities, lower costs and improve the
performance of existing products and services — all of which are key to winnmng and

retamning customers (whether those customers are individuals, businesses or
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governments) Technological mnovation has had a major global impact on all areas of
business, perhaps most obviously through developments 1n mformation and
communication technologies (ICT) Ths research, however, focuses more on innovation
in the context of the "hard" technologies which contribute to the manufacture of a
product The trend 1s for products to become smaller, lighter and cheaper, yet with
increased functionalhity Technological innovation to meet these expectations demands
greater ntegration of technologies (Kodama, 1992) - for example by embedding
electronics within a component which has mechanical functionality  This requires a

broad range of skills and capabilities for design and manufacture

Innovation 1s defined here as the introduction of new products, services, manufacturing
processes, business processes or organisational forms. An mnovation may be new to a
particular firm, new to a particular industry, or completely novel. Innovation may be
incremental, or may involve radical step changes with “breakthrough” technology (Leifer
et al., 2000). The mnovation may also be “sustaiming” (enhancing performance of
existing products), or “disruptive” (providing a different set of attnbutes, often 1utially

for a new market) (Bower and Christensen, 1995, Christensen, 1997).

The general understanding of the innovation process has changed over the past 50 years,
and Rothwell (Rothwell, 1992) i1dentified five different models which describe the
conceptual evolution of technological tnnovation. Originally, innovation was seen as a
Iinear process — the first generation model was that of ‘“technology-push”, whereby
scientific discovery resulted eventually 1n a product to be marketed Then the effect of
“market-pull” (also known as “need-pull”) was recogmsed, resulting in a second linear
model with customer requirements imtiating the process. It was later understood that
both of these processes work together, and the “coupling model” (the third generation
model) became established.  The fourth gencration “integrated model” described
innovation as a parallel process, with a high level of functional integration and
concurrent engmeering within companies. Subsequently the fifth generation model of
innovation recognised the use of systems integration to make the mnovation process
faster and more efficient, and also highlighted the importance of inter-company

networking

Although mnovation 1s seen as the engine of economc growth, the evidence of its

benefits for small firms 1s not clear-cut (Souder and Song, 1997). Freel (Freel, 2000)
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found that small innovating firms were no more profitable or productive than non-
mnovating small firms, nor more likely to have experienced growth in sales or
employment figures. In the cases where the innovating firms had grown, however, they
had grown sigmficantly more than the non-innovating firms. Christensen et al. suggest
that innovation 1n small firms 1s linked to their basic survival (Chnistensen et al., 1998),

although this may be more evident 1n fast-changing industries than in other industnes

There 1s clearly a need for further research to understand why small firms do not appear
to accrue many of the benefits of innovation. The major concern n this study however
1s that technological mnovation should take place at some level n the supply chain,
which means that innovation involving suppher firms must be considered  In fact there
appears to be an mcreasing requirement for suppliers to add value to therr products and
services - which may make their part in technological innovation even more significant.

The next section explores the reasons for increasing reliance on suppliers,

2112  Increasing Relance on Suppliers

The second reason why the technological capability of manufactunng suppliers might
matter s because of increasing reliance on suppliers to take on more design and
manufacture of sub-systems and sub-assemblies The reasons behind this are explored

n this section

One factor has been the trend of focusing on core competencties, a concept popularised by
Prahalad and Hamel (Prahalad and Hamel, 1990) Firms are encouraged to understand
where their capabilities presently he, and what they must do to build capabilities to
exploit future opportunities Implicit 1n this approach 1s that 1t 1s not necessary to devote
resources to non-core activities, and that these activities may be outsourced. Thus has
meant a move away from vertical integrated compantes (with design, development,
manufacturing and assembly performed in-house) towards a supply network of many

companies performing different functions.

As a result of outsourcing more activity, there 1s some evidence that large firms have
been downsizing while more small firms are emerging to supply the products and
services that were formerly provided in-house (Tether and Storey, 1998). The research
identified a phenomenon dunng the 1980s where employment in a particular industry

sector decreased, but the number of business units increased, contrary to the normal
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lifecycle pattern for an mdustry  This phenomenon c¢an be explamed by a reduction 1n
the number of large enterprises where employment is usually concentrated, alongside an

increase 1n the number of micro and small enterpnises.

This researcher has investigated whether the trend identified by Tether and Storey
continued nto the 1990s  The evidence, presented 1n Appendix I, suggests that the trend
did continue 1n the early 1990s but there was a reversal in the late 1990s. Nevertheless,
in certain sectors such as aerospace there was an overall increase in the number of
smaller firms and a decrease in the number of large firms with over 1000 employees.
This does tend to confirm the increasing importance of small firms in high technology

manufacturing, and therefore 1n technological innovation.

An alternative interpretation of the industry trend is that there may be an on-gomng cycle
between vertical integration and outsourcing. Fine (Fine, 1999) uses the example of the
personal computer industry, which had moved from vertical integration with compames
such as IBM, to a modular structure It now appears to be moving back towards a
vertically integrated structure, as Intel and Microsoft expand their activities to control
more of the supply chain Whether outsourcing 1s a long-term industry trend, or reaching
the turning point 1n 1ts cycle, 1t still appears to have momentum 1n the relatively slow-
moving aerospace sector. There remains a debate about what should be outsourced and
what should be kept in-house. The make-or-buy decision is still an on-going research
1ssue, due to concerns about outsourcing core competencies (Canez et al., 2000; Fine,
1999, Fine and Whitney, 1996; Sako, 1994). Chesbrough and Teece also warn of the
dangers of outsourcing technologies which should be controlled m-house (Chesbrough
and Teece, 1996). For each company 1t will be necessary to consider where therr key
skills and capabilities currently lie, and what will win orders in the future (Hill and
Chambers, 1991}, Systems ntegrators may consider that their market knowledge and
project management are their key strengths, while expecting their suppliers to be the

experts 1n enabling technologies

In addition to reliance on suppliers because of a strategy of outsourcing non-core
activities, there has been a positive move towards partnershtp with suppliers This is due
to popular recognition of the important role which supplier partnerships have played in
Japanese automotive success (Clark, 1989) The partnership approach has been

examined from a number of different angles in the literature. These include product
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development (Clark, 1989, Clark and Fujimoto, 1991; Wasti and Liker, 1999; Bidault et
al., 1998b; Kamath and Liker, 1994), lean supply (Lamming, 1993; Bower and Keogh,
1997; Lammng, 1996, MacDuffie and Helper, 1997), network sourcing (Hines, 1994),
total quality management (Tan et al., 1998), and business process reengineering beyond
firm boundaries (Childe, 1998)

Dyer and Ouchi (Dyer and Ouchi, 1993) highlighted the advantages that Japanese-style
partnerships bring 1n contrast with the traditional vertical integration of US auto-makers,
including reduced cost of components, faster product development times and increasing
market share Dyer and Ouchi exhorted US auto-makers to embrace the partnership
concept, by outsourcing more, reducing the number of direct suppliers to reduce cost
and mmprove quality, investing mn the value chan; encouraging competition between
suppliers by helping the weaker suppliers; and protecting investments by building trust

with suppliers.

This description of Japanese-style partnerships (Dyer and Ouchi, 1993) suggests a
positive impact on long-term technology capability 1n the value chain. When suppliers
are 1n a long-term relationship with a buyer, this enables them to invest in new equipment
and 1nnovate to meet their customer’s needs. They are involved early in the product
design process and have extensive direct communication with product and process
engineers Supplier engineers are able to work alongside engineers i the customer
company, and also guest engineers from the customer company spend periods of time
with suppliers to help them improve (These opportumties for informal communication
have the potential to increase mutual awareness of future technological opportunities and
requirements ) Supplier innovation 1s encouraged by having to compete for contracts
(which then typically endure for the hifecycle of a particular model). Sako considers the
effect of the partnership approach on nnovation (Sako, 1994), and concludes that
supplier relationships may be structured either to enhance or discourage mmnovation
Supplier innovation may be limited by hard bargaiming with suppliers, which requires the
buyer to keep tight control over product design specification and limits diffusion of
technological information, and can leave small suppliers with little to invest. In contrast,

relationships of trust and ncentives to tnnovate will make suppliers better disposed to

take risk {necessary for innovation)




There has been some musunderstanding of the Japanese partnership model by those
seeking to emulate 1t. Partnerships 1n Japan itself are changing, and Japanese suppliers
now have to be more technologically independent {Lamming et al., 1999). Partnership in
Japan was traditionally characterised by a single customer dommating the relationship
with the supplier, and by the customer helpmng the supplier with product and process
technologies Suppliers are now expected to be much more independent, to undertake
R&D and prototyping, and to work with a number of different customers (Lamming et
al, 1999) Japanese firms are also now rationalising their supplier base, and those
suppliers who do not develop their technology independently are at nisk. Kamath and
Liker (Kamath and Liker, 1994) emphasised the fact that only certain first-tier suppliers
enjoy close relationships with their Japanese partners. With over a hundred first-tier
suppliers, Japanese auto-makers limit partnership to around a dozen suppliers with
"outstanding technology, sophisticated management and global reach”  Partners have
responsibility for developing entire sub-systems on their own, but other suppliers will
have lesser roles. "Mature" supplers undertake complex assembly to customer
specifications, while "child" suppliers undertake only simple assembly, following
customer specified design requirements. "Contractual” supphers provide commodity or

standard parts, either from their catalogue or from detailed customer blueprints

Most companies will (at least informally) classify their suppliers according to the nature
of the relationship they have with them. In the academic hiterature, a number of formal
categories are proposed. For example, Sako distinguishes between arms-length
contractual relations {ACR) and obligational contractual relations (OCR) exhibited
amongst both British and Japanese firms (Sako, 1992). The ACR model allows both
buyer and supplier to remain independent of each other, and relies on trust that both
parties will meet the terms of their written agreements. The OCR model permuts greater
rehlance on the other party, and "goodwll trust" 1s a prerequsite to this type of
relationship The OCR model may be more appropriate for a strategic supplier than the

ACR model, since 1t 1s characternised by mutual long-term commitment

From the perspective of technology development and future capability, strategic
suppliers are likely to be those referred to as black box suppliers by Clark and Fujimoto
(Clark and Fujimoto, 1991), rather than those who supply proprietary parts or detail-
controlled parts Hines (Hines, 1994) differentiates between sub-contractors who make

parts to order, and common suppliers who provide off-the-shelf, standardised
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components — again, the strategic relationship 1s usually with the sub-contractor rather
than the common supplier. Kaufman et al (Kaufman et al., 2000) describe a typology of
small and medium sized manufacturing suppliers looking at the dimensions of
technology and collaboration, sub-divided into high and low categones (see Table 2 1)

The four types of firms proposed are commodity suppliers, collaboration specialists,
technology specialists and problem-solving suppliers. The technology specialists and
problem-solving suppliers are likely to be the most cntical 1n terms of their technological
contribution to the end product, and therefore exemplify why the technological capabulity

of suppliers 1s seen as important 1n this research.

Table 2.1 Typology of small and medium-sized manufacturing suppliers (Kaufman et al., 2000)

Collaboration

Low High
Commodity Supplier Collaboration Specialist
¢  Spot market supplier e  Detail-controlled parts supplier
o Low cost, low price priorties e  Uses a closed network 1 each
Low mdustry

¢  Little or no differentiation
e Canbe 1n many industries to
maintain customer product

mformation
Technology Technology Speciahst Problem-solving Supplier
¢  Proprietary parts supplier s Black box supplier

¢ Innovation 1n product technology | ¢  High differentiation

dt duce lugh b t
High :ifry()pro uce g barmers 1o ¢ Cost less important

o  Furst mover advantages ¢  Small runs, high process and
labour flexibility
*  Uses design capabilitzes for

competitive advantage

2.1.2. Why is the Size of a Firm an Issue when Thinking about Technological
Capability?

The previous section discussed why technological innovation 1s important and why there
may be increasing reliance on suppliers to provide this technological edge. The size of
those suppliers will vary according to their role and industry sector — for example in the
automotive sector small firms are usually further down the supply chain Hines (Hines,
1994) describes the tiering of automotive suppliers as a pyramud (see Fig 2 1), with the
average company size increasing towards the top of the pyramud, and number of
suppliers at each level following an inverse relationship. In Kaufman's (Kaufman et al ,
2000) sample, described at the end of the previous section, problem-solving suppliers

tended to be larger than the other types of suppliers, with an average of 260 employees
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(average number of employees in collaboration specialist firms — 150; technology
specialists — 44, commodity suppliers — 28)  According to Rothwell and Dodgson
(Rothwell and Dodgson, 1991), this may be because problem-solvers need to retamn a
greater breadth of techmcal personnel 1n order both to interact with their customers and
to keep abreast of the latest technological developments. The technology specialists
(compames which may have key technological capabilities) tend however to be smaller
companies, reflecting therr more narrow focus There has been recognition of the
mmportance of small high-tech firms in recent years (e.g. (Storey and Tether, 1998a;
Oakey and During, 1998)) The need to maintain and develop technological capabilities
1s crucial regardless of firm size, and 1s necessary for less advanced small companies as

well as technology speciahsts

11 (large} assemblers

/

FIRST STAGE
Sub-assemblers
& sub-processors

168 establishments

0,
(Independent and affihated) (20 5% SMEs)
A
SECOND STAGE 4,700 establishments
Sub-assemblers & sub-processors (88 5% SMEs)
(Machire and press processing) 0
/ \

THIRD STAGE
Sub-assemblers & sub-processors
(Casting, plating, lathing, cutting etc )

31,600 estabhishments
{97 5% SMEs)

Figure 2.1 Tiering of suppliers in Japan's automotive industry (Hines, 1994) N.B. SME =

small to medium sized enterprise

One reason for looking at small firms 1s that this researcher 1s mterested in mature
industry sectors such as aerospace where most compames would be classified as small
and medium enterpnses (SMEs) with under 250 employees. In the UK there are
approximately 700 companies with 1 or more employees currently listed under the
Standard Industrial Classification code (1992) 35 3 (which is the manufacture of aircraft
and spacecraft), according to the FAME (Financial Analysis Made Easy) database from
Bureau Van Dyk Of these firms, almost 89% have less than 250 employees and only

5% have over 1000 employees
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In manufactunng in general, something of the order of 98% of all companies (with at
least one employee) have less than 250 employees (and m fact 91% have fewer than 50
employees). SMEs account for 53% of employment 1n the manufactuning sector, and
34% of turnover (Small Business Service, 2001). Since small firms dominate
manufacturing 1n terms of their sheer numbers, their technological capability will impact

upon the competitiveness of the supply chains in which they operate

So far 1n this chapter the arguments have pointed towards the increasing requirement for
small manufacturing supphers to engage 1n technological innovation, with the underlying
mmplication that this may be challenging for them. Many would in fact argue that small
compames are much more mnovative than large companies and that outsourcing more
design and manufacture to suppliers should therefore have a positive impact on the
technological capability of the supply network. This section explores the role of small
firms 1n 1nnovation 1n order to understand this i1ssue better. There 1s an extensive
literature addressing aspects of this question — predominantly from economists, policy
researchers and management researchers Various studies have compared the relattve
importance of large and small firms i innovation, using different measures of
mnnovation Others have taken a more qualitative approach, examining the respective
charactenstics of large and small firms and the differences 1n their innovation styles The

following sections review these 1ssues

2121  Relatve Importance of Large v Small Firms in Innovation

The relative importance of large firms and small firms 1n innovation has been widely
debated 1n recent decades. The popular interest in this question stems from the link
between mnovation and economic growth — particularly employment growth. In order
to support the compames who are most innovative, and therefore most likely to stimulate
growth, policymakers need to know where mnovation occurs. Is 1t in the R&D
departments of large corporations, or 1n firms which are small and dynamic? The
evidence 1n the literature appears, at first glance, to be mixed In the case of
technological innovation, for example, sometimes the small firms appear to have the
technological skills and expertise, while the large firms have resource and infrastructure
e g sales channels (Lawton Smith et al, 1991) In other cases, small firms are very
rehant on external knowledge sources for their technological expertise and although they
are seen as good incremental innovators, 1t 1s the large firms which produce radical

mnovation (Sugasawa and Liyanage, 1999).
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In fact the dichotomy over whether innovation belongs to small or large firms can be
dated back to the economist Schumpeter Schumpeter’s early work drew attention to the
role of the small entrepreneur in undertaking radical mnovation — from which new
mndustries emerge (Schumpeter, 1934). His later work (Schumpeter, 1942) nstead
emphasised mnovation 1n large R&D ntensive firms, where market dominance permits
risk-taking. It was the latter view that prevailed and dominated public policy 1n Europe

for many years

The link between small firms and innovation was renewed with the publication of the
Science Policy Research Umt (SPRU) innovations database and subsequent analysis by
Pavitt et al of the size distribution of innovating firms 1n the UK (Pawvitt et al., 1987)
Small firms were found to contnbute a disproportionate number of innovations in
comparnison with their share of employment and R&D expenditure, and their innovative
contnibution was found to have increased between the late 1950s and early 1980s A
study 1n the US also confirmed the important contnibution of small firms 1n 1nnovation
(Acs and Audretsch, 1990) Previously, innovation had been measured by mputs such as
R&D expenditure, which 1s positively related to firm size, and "intermediate” outputs
such as patenting activity, neither of which are seen as reliable incdicators (Acs and
Audretsch, 1993, Pavitt, 1988). The SPRU database was instead based on mnovation
counting, using significant technical innovations (between 1945 and 1983) 1dentified by
industry experts The results, however, have not been without controversy. Tether et al.
(Tether et al , 1997) re-evaluated the evidence concerning the size classification of firms
and found that the shape of the curve of mnovation intensity agamst firm size in the
manufacturing sector was j-shaped - rather than having the u-shape described by Pavitt et
al. This means that smaller enterprises introduce a share of innovations commensurate
with their share of employment, and medium sized companies introduce proportionally
less ~ whilst the largest enterprises are responsible for a higher proportion of innovations
relative to thewr share of employment. Tether also questioned the value of the
novations introduced by different s1zed firms, suggesting that the value increases with

s1ze of firm, although not proportionately (Tether, 1998).

The difficulty in findmg suitable metrics for innovation continues to hamper research 1n
this area Measuring expenditure on R&D favours large firms, because small firm R&D
1s often informal, sporadic, and spread across different functions, which makes 1t difficult

to assess (Roper, 1999) (Kleinknecht and Reynen, 1991). Innovation counting appears
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fairer to small firms, but the use of experts to identify innovations has not been repeated
on a large scale since the SPRU database (which only extends to 1983) Acs and
Audretsch (Acs and Audretsch, 1993) based innovation counts on numbers of new
products mentioned mn trade journals, but this may not be a reliable measure (Vandyk et
al , 1997; Brouwer, 1998; Menkveld and Thurik, 1999).

One alternative 1s to ask individual firms to identify the number of new products (or
processes) they have introduced n a period of ime. A number of innovation surveys 1n
the UK have used this type of subjective measure (e g. (Cosh and Hughes, 2000; Marsh,
1996; Craggs and Jones, 1998)) These survey results consistently suggest that the larger
a firm, the more likely 1t 1s to produce at least one innovation in the sample period, and
this relationship 1s also true for novel mnnovations (not only new to themselves but to
their industry) (Cosh and Hughes, 2000). Leaving aside the question as to whether small
firms may be less likely to complete such surveys, this method of counting innovations
does not distinguish between a large firm adding one new product to a range of hundreds,
and a small firm with only one product which manages to introduce five new products
(see Freel for an alternative measure using innovation rates (Freel, 2000)), although most
observers would hold that the small firm in this example was more mnovative than the
large firm Another problem with taking the survey results at face value 1s that although
the percentage of large firms that innovate may be higher than the percentage of small
firms, there are of course many more small firms than large firms. This means that the
overall contribution of innovations by small firms may be more significant than might be

inferred from the surveys

The hiterature examining the relative importance of small firms in innovation 1s not at all
conclusive n pomting to erther large or small firms as the main source of mnovation.
Instead 1t 1s clear that both large and small firms contribute to innovation, and this 1s now

examined 1n the context of the complementary charactenstics of large and small firms.

2122  Complementary Roles

Instead of contending that either large or small firms were more important 1n mnovation,
Rothwell emphasised the dynamic complementanties that exist between large and small
firms in innovation (Rothwell, 1983). The charactenstics of both large and small firms
give them complementary advantages and disadvantages. These advantages are

summarised in Table 2.2 (taken from (Rothwell and Dodgson, 1991)). Small firms have
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behavioural advantages over large compames because of their responsiveness, lack of
bureaucracy in decision-making and ease of intermal communication Large firms,
however, have material advantages - such as the ability to fund R&D and technical
specialists, ease of access to external specialist networks and the possibility of spreading
nisk across a portfolio of projects (Rothwell and Dodgson, 1991) SMEs can therefore
contribute more in terms of innovation where entry costs are low and where factors other

than product price are important {Rothwell and Dodgson, 1993)

The lack of formality and bureaucracy i small firms influences their approach to new
product development compared with large firms (O'Shea and McBain, 1999). Large firm
structures, however, make 1t much easter for them to work with governments than it is
for small firms (Carayanms and Roy, 2000) Ussman et al. (Ussman et al, 2001)
identified particular barriers to mmnovation that small Portuguese firms face. These
include cultural bamers, n that these firms tend to resist change, and mmnovation 1s
perceived as an unnecessary risk when competitors are not innovating, Also, the low
sales volumes of the small firms make 1t difficult to recoup the costs of innovatton,
Barners were also seen 1n the lack of information concerming European innovation

programmes, and the difficulty in accessing funding institutions due to bureaucracy.

Nooteboom observed that small firm reliance on tacit knowledge provided them with
both advantage and disadvantage in mnovation - advantage in that it 1s difficult for
competitors to copy their unmque skills, but disadvantage n that it is necessary to be
aware of how things are currently done in order to understand the potential benefits of a
new technology Small firms perform less R&D than large firms, but when they do, 1t 1s
more intensive and more productive. In companson with large firms, small companies
are less likely to filter out the more risky ventures. This is due to lack of bureaucracy,
lack of vested interests 1n maintaiming existing product lines and a poor understanding of
risks This can either make them very successful or cause them to faill dramatically
(Nooteboom, 1994)

The distinction between small and large firm charactenistics 1s not always clear-cut — for
example Ettlinger (Etthinger, 1997) notes that the assumption that small firms cannot

afford capital-intensive equipment 1s not always true. The suggestion is that technology

transfer programmes have been quite successful in helping high tech small firms invest 1n




Table 2.2 Advantages and disadvantages™ of small and large firms in innovation (Rothwell and

Dodgson, 1991) (*Note: the statements in brackets represent areas of potential disadvantage)

Small Firms

Large Firms

Marketing Ability to react quickly to keep abreast | Comprehensive distribution and
of fast changing market requirements servicing faciliies High degree of
{Market start-up abroad can be market power wtth existing products
prohibitively costly )

Management Lack of bureaucracy Dynamac, Professional managers able to control
entrepreneunial managers react quickly | complex organisations and establish
to take advantage of new opportumties | corporate strategies (Can suffer an
and are willing to accept risk excess of bureaucracy Often

controlled by accountants who can be
nsk-averse Managers can become
mere ‘admimstrators’ who lack
dynamism with respect to new long-
term opportunities )

Internal Efficient and informal internal (Internal communications often

communication

communication networks Affords a
fast response to mternal problem
solving provides ability to reorgamise
rapidly to adapt to change n the
external environment

cumbersome, this can lead to slow
reaction to external threats and
opportunities )

Qualfied (Often lack suttably qualified techmical | Ability to attract hughly skilled
technical specialists  Often unable to supporta | technical specialists Can support the
manpower formal R&D effort on an appreciable establishment of a large R&D
scale ) laboratory
External (Often lack the time or resources to Able to *plug-In’ to external sources of
communications dent1fy and use important external scientific and technological expertise
sources of scientific and technological | Can afford hibrary and information
expertise ) services Can sub-contract R&D to
specialist centres of expertise Can
buy crucial technical information and
technology
Finance (Can expernience great difficulty 1n Ability to borrow on capital market

attracting capital, especially risk
capital Innovation can represent a
disproportionately large financial risk
Inabihty to spread nisk over a portfolio
of projects )

Ability to spread risk over a portfolio
of projects Better able to fund
diversification mnto new technologies
and new markets

Economies of
scale and the
systems approach

(In some areas scale economies form
substantial entry barrier to small firms
Inability to offer integrated product
lines or systems )

Ability to gatn scale economies 1n
R&D, production and marketing
Ability to offer a range of
complementary products  Ability to
bid for large turnkey projects

Growth (Can expenience difficulty m acquiring | Ability to finance expansion of
external capital necessary for rapid production base Ability to fund
growth Entrepreneunal managers growth via diversification and
sometimes unable to cope with acquisition
increasingly complex orgamsations )

Patents (Can expertence problems 1n coping Ability to employ patent specialists
with the patent system Cannot afford | Can afford to htigate to defend patents
time or costs involved 1n patent agamst mfringement
litigation )

Government (Often cannot cope with complex Ability to fund legal services to cope

regulations regulations Uit costs of compliance | with complex regulatory requirements

for small firms often high )

Can spread regulatory costs Able to
fund R&D necessary for comphance
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such equipment. Furthermore, investment 1n flexible technology may enable small firms

to achteve increased economies of scale, normally only associated with large firms

Small and large firms may also try to emulate each others’ advantages, as discussed by
Nooteboom (Nooteboom, 1994) Many large firms have decentralised towards having
autonomous business unts, i order to encourage flexibility and innovation {(whilst
maintaining control of management, R&D, finance and marketing at the corporate level)
The 1ncrease 1n outsourcing to smaller suppliers (discussed 1n section 2.1.1 2) 18 a similar
means of capturing the benefits of dynamic complementanties (Nooteboom, 1994;
Rothwell, 1983). Meanwhile, small firms sometimes try to gamn some of the advantages
of large firms by forming networks of independent firms (Nooteboom, 1994) Hanna and
Walsh observe that this tactic can be used by groups of small firms to enable them to
move up the supply chain, by offering a portfolio of capabilities (Hanna and Walsh,
2000)

Despite the attempts descnibed above of large and small firms attempting to capture each
others’ advantages without losing their own beneficial characteristics, fundamentally
large and small firms tend to be different and contrnibute to innovation 1n different ways
(Nooteboom, 1994). This often means that large and small firms actually work together
n mnovation — for example small firms may mnovate to develop customer-specific add-
ons (Rothwell, 1983). Pawitt (Pavitt, 1984) also noted that in certain industry sectors,
small firms "live in symbiosis” with large firms, providing them with technologically
mnovative and specialised production equipment and mnstrumentation Networking
between firms 15 recognised as a vital part of the innovation process (Rothwell, 1992),

and this 1s explored further 1n section 2.2.1.

2,123  Agents of Change

Large and small firms may have particular roles in innovation according to the age of the
industry and the progression of the industry cycle In the early stages of the lifecycle of
an industry or market, firms compete on the basis of product innovation. Once a
dominant design has been established, the emphasis has traditionally turned to process
innovation to manufacture in hgher volumes and at lower costs (Abernathy and
Utterback, 1975). Entrepreneurial small companies can play a key role 1n radical product
innovation at the start of a new industry, while 1n a mature industry, large firms will

domunate, with process innovations to dnive costs down (Rothwell, 1983).
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Small firms therefore have a particular role as agents of industrial change. As discussed
in the previous section, large firms are less flexible and more bureaucratic than smail
firms. Since they tend to have more vested mnterests 1n continuing with existing products
and markets, 1t 1s difficult for them to change course Bower and Christensen provide
evidence of how large disk-drive manufacturing compames repeatedly found themselves
losing their markets to small firms offering disruptive new technologres (Bower and
Christensen, 1995)

Although small firms act to create new markets and new industries, Audretsch
(Audretsch, 2001) explains that their innovations will often stem from R&D activity in
large firms Ideas may come from an mdividual within a large orgamsation, but the best
way to commercialise the 1dea will sometimes be to start up a new company. One
reason for this 1s that the decision-makers 1n the large firm often do not recognise the
value of the 1dea, particularly 1f 1t does not serve their existing market, and may not be
willing to risk investing 1n an unproven idea. Another problem may be that even 1f semor
management support the new 1dea, resistance to change and vested interests within the
orgamsation may result 1 resources being diverted back into the existing product
markets (unless a unit 1s established with dedicated personnel and a rning-fenced budget)
(Leifer et al , 2000) Rothwell (Rothwell, 1989) commented that whtle large firms “are
adept at utilising the results of thewr inventiveness in-house (new technology for existing
applications), they are less well adapted to the rapid exploitation of their inventions n
new markets (new technology for new applications)”. Spm-off compantes therefore play
an important role in exploiting such inventions and creating new markets Through thus,
small firms play a significant role in diffusing new technologies mto general use and

creating new industries (Rothwell, 1984, Rothwell, 1989)

The role of small firms i innovation depends not only on the matunity of an industry, but

also on the particular nature of the industry, and this will be considered next

2124  Industry Sectors

Small firms contribute to innovation 1n different industry sectors in different ways.
Pawvitt (Pavitt, 1984) investigated the source of innovations in various industry sectors,
and found that while large firms dominate innovation 1n sectors such as electronics and
chemucals, small specialist firms contribute significantly to innovation in mechanical and

instrument engineering  Pawitt developed a useful classification of firms based on his
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Table 2.3 A technology-based classification of business firms (Pavitt, 1994)

Category of Firm
Characteristics Supplier Scale intensive Information Science based Specialised
dominated intensive supplier
Typical core Agriculture, Bulk materials Finance, Electrical/ Captal goods,
sector Housing, (steel, glass), Retailing, electromcs, Instrurnents
Private Consumer Publishing, Chemicals Software
services, durables, Travel
Traditional Automobiles
manufacturing | Civil
engineering
Size of firm Small Large Large Large Small
Type of user Price sensitive | Mixed Mixed Mixed Performance
senstive
Main focus of Cost reduction | Mixed Mixed Mixed Product
technological improvement
activities
Main sources Supphers Production Corporate Corporate R&D | Design and
of technological | Production engineering sofiware and Basic research, | development,
accumulation learming, Production systems Production Advanced
Adwvisory learning, engweering engineerng, users
services Supplicrs, Equipment and | Design
Design software
suppliers
Main direction | Process Process Process Technology- Product
of technological | technology technology and | technology and | related products | improvement
accumulation and related related related software
equipment equipment
{upstream) (upstream) {mixed) (concentric) (concentiic)
Main channels | Purchase of Purchase of Purchase of Reverse Reverse
of imitation equipment and | equipment, equpment and | engineenng, engineerng,
and technology | related Know-how software, R&D, Hirmng Learning from
transfer services hicensing and Reverse expernenced advanced users
related traming, | engineering engineers and
Reverse scientists
engineermg
Main strategic | Use Incremental Design and Develop related | Monitor
management technology mtegration of operation of products advanced users
tasks generated new technology | complex Exploit basic needs,
elsewhere to in complex information- science, Obtain | Integrate new
remforce other | systems, processing complementary | technology in
competitive Improvement systems, assets, products
advantages and diffusion of | Development of | Reconfiguring
best practice, related products | drvisional
Explott process responsibihities
technology
advantages

findings and on the SPRU database of innovations 1n the UK (described in section2 1.2 1

above).

Pavitt's technology-based taxonomy, shown in Table 2.3 (reproduced from

(Pawvitt, 1994)), categorises business firms as being supplier dominated, scale intensive,

information intensive, science based or specialised suppliers. Small firms are typically

found 1n the suppher dommated or specialised suppler categonies according to this

classification system. Recent years have however seen the emergence of different kinds

of small firms - university and company spin-offs which are very definitely science and
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technology-based (e g 1n areas such as biotechnology), and also small companies which
are clearly information intensive, with the growth 1n the ICT sector. In addition, 1t has
been observed that high-technology small companies can be found mn sectors that are
considered to be traditional and low-technology (Baldwin and Gellatly, 1999) Pawitt’s

classification 1s therefore somewhat dated.

Autio has made a particular study of new technology-based firms (NTBFs),
distinguishing between science-based NTBFs and engineering-based NTBFs (Autio and
Geust, 1996) Science-based NTBFs are seen as transforming scientific knowledge into
basic technologies — erther industry-specific technologies or “paradigmatic” technologies
which can be easily integrated with other basic technologies, and have a broad scope of
applications across traditional industry sectors Engineering-based NTBFs then either
utilise 1ndustry-specific basic technologies in industrial applications, or paradigmatic
technologies 1n functional applications. On the basis of this, four distinct innovator roles
are 1dentified: application innovators, technology innovators, market mnovators and
paradigm mnovators (see Table 24 and Fig 2.2) “Application innovators employ
existing basic technologies in an existing market environment. Technology innovators
introduce new basic technologies in an existing market environment Market innovators
employ basic technologies in a new market environment Paradigm innovators develop

new basic technologies for new market environments " (Autio, 1997a)

Table 2.4 Tentative classification of interrelationships between transformator roles, innovator

roles, and systemic influences (Autio, 1997a)

Characteristic Engineering Science based Engineering Science based
based industry specific based paradigmatic
industry specific paradigmatic
Likelv innovator Application Technology Market mnovator | Paradigm
role innovator mnovator mnovator
Characterisic of |« Taett, » Codified, o  Mixed, ¢ Codified,
knowledge base complex complex complex complex
¢ Non-systemic | ¢ Non-systemic | ¢  Systemic *  Systemic
s  Application s  Industry ¢ Concept * Function
specific specific specific specific
Source of Customer Industry Product or service | Scientific
differentiation concept disciphne
Location of Industry Academic Industry, R&D Academic
technology source research organisations research
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Prnincipal domain of Principal domain of
science based NTBFs  engineening based NTBFs

{industry specific) (industry specific)
( Indusggsfgemﬁc Industrial
technologies applications

Science Technological articulation process

base >
Para:)c:g::ahc Functonal
technologies applications
Principal domain of Principal domamn of
science based NTBFs engineerng based NTBFs
{paradigmatic) (paradigmatc)

Figure 2.2 Functional roles of science based and engineering based NTBFs in industry

specific and in paradigmatic technology systems (Autio, 1997a)

While the work of Autio and Pavitt implies that large and small firms play different roles
in nnovation m different industry sectors, a study by Miller and Blais (Miller and Blazs,
1993) 1dentified four distinct modes of mnnovation 1n 43 firms n s1x mdustnal sectors,
but did not find firm size to be a (statistically) significant factor. Firms classed as
“entrepreneunal fast-track expenmenters” and “conventional reliance on IT and process
adaptation” were not charactenised by their size. It did appear, however, that of the four
innovation modes, firms classed as “global cost leaders” were all large firms, while those
classed as “science-based product mnovators” tended to be medium-sized This does
support the fact that large firms will dominate certain industry sectors (and may 1n fact
choose strategies such as mvesting in areas such as R&D and advertising to such a level
as to disadvantage smaller competitors (Kwoka and White, 2001)). SMEs may be
prevented from participating in some industry sectors by the dominant technology, while
1n other sectors the dominant technology may lend 1itself to opportunities for small firms
(Rothwell, 1989) One 1ndustry sector where both large and small firms are competing 1s
the satellite industry (Carayannis and Roy, 2000) Although this has traditionally been
dominated by large compames with major government-funded research projects, small

start-ups are now competing through smaller, cheaper satellites based on advanced

mimaturisation technologies. The small firms in this sector have the advantage of
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sensitivity to technological advances and changes in market need, while the large firms
are better placed to contrel the market by influencing market requirements, government
regulations and technical standards. Thus, although small and large firms are competing

1n the same market, their innovatton roles are not the same.

In certain industry sectors the symbiotic relationshtp (Pavitt, 1984) of large and small
firms means that 1t 1s difficult to untangle their individual contnibutions to innovation
Hobday’s rescarch into high cost, complex products and systems (CoPS) shows that
mnovation 1n these types of sector involves producers and users, suppliers, regulators and
professional bodies (Hobday, 1998) In such sectors, systems integrators maintain
networks of specialised technology suppliers who are effectively locked into the network

by their customer-specific competencies (Autio, 1997b)

2125  Role of Small Firms in Innovation — Summary

The hiterature identified in this section demonstrates that the role of small firms m
innovation 15 complex and vanes according to the maturity and type of each industry
sector  The behavioural advantages of small firms give them certain advantages

mnovation, but this 1s countered by the resource disadvantages they face.

A major limitation of the innovation literature 1s that 1t does not provide a complete,
dynamic picture of how the roles of large and small firms are changing as industry
structures change The finding that small firms were responsible for an increasing share
of innovations (Pavitt et al, 1987), and the emergence of industnes based on new
technologies (Autio and Geust, 1996) and complex products and systems (Hobday, 1998)
only provide glimpses of how roles may be changing. In section 2 1.1.2, industry
dynamics were considered with respect to the increasing level of outsourcing Large
firms are outsourcing more design and manufacture to suppliers — not only of
components, but also of whole sub-systems and sub-assemblies. Activities which
previously relied on the internal R&D facilities and specialist staff of large firms have
now become the domain of smaller firms with a very different set of skills Small firms
are typically more responsive to market needs than large firms — but 1n this situation they
can only respond to the requirements of their immediate large customer since they are at
least one step removed from the end user. In some senses, this appears to be the
antithesis of dynamic complementanties (Rothwell, 1983) — blending the resource

disadvantages of small firms in R&D with the behavioural disadvantages of large firms
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in market responsiveness It also remains unclear what 1s happening to the types of R&D
previously conducted by large firms to support their internal design and manufacturing
activittes — have these activittes been taken up by small suppliers, or by other
technology-based firms, research mnstitutes or universittes — or have they been abandoned
altogether? Since some of the literature suggests that small firms often exploit the
technologies developed through large firm R&D (Nooteboom, 1994), this could begin to

have a broad impact on technological innovation.

2.1.3. So which Suppliers are of Interest to this Research?

To conclude this section, a summary 1s given of the nature of the manufacturing suppliers
which are at the centre of this research These are the firms to whom large systems
integration companies are outsourcing increasing amounts of design and manufacture,
Since the market already exists and the large firms are outsourcing activities previously
undertaken in-house, these firms are clearly operating in mature industry sectors. The
suppliers are likely to be small firms, because the focus 1s on the lower volume niche
products such as those found 1n the aerospace sector, Although they may be small firms,
they may be quite different from the entrepreneunal small firms which create entirely
new markets with disruptive technologies — traditional manufacturing suppliers rather
than sctence park SMEs, with the greater reliance on customers and weaker bargaining
power that 1s associated with manufacturing embeddedness (Autio, 1997¢). Dankbaar

describes such companies as technology-contingent (Dankbaar, 1998).

These companies are the specialised suppliers of Pavitt’s classification (Table 2.3) and
are closest to the industry-specific, engineenng-based NTBFs of Autio’s classification
(Table 2 4) (although they may 1n fact be neither new firms nor based solely on new
technology) As such, they can be expected to develop industnial applications for
commercially available technologies, without needing to rely on formal R&D. Yet
industry and market requirements 1ncreasingly demand the blending of what Autio terms
“paradigmatic” technologies, to produce complex sub-systems and sub-assemblies This
fusion of technologies has been described by Kodama (Kodama, 1992), who considers
the implications for large firm R&D Technology integration necessitates a new level of
expertise from suppliers — 1n understanding how to design and manufacture products
combimng a number of different technologies, and how to identify the appropnate
technologies in the first place. It 1s here that the resource limitations of small firms may

pose sertous difficulties. Small firms remain best placed to provide customised solutions
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for niche market needs, but their role 1n exploiting technologes 1s increasingly becoming

more challenging

2.2. Literature

Having “set the scene” for the research, attention 1s now given to what the existing
hiterature has to say about the influences on technological capability i small
manufacturing suppliers This review will consider what is currently “state of the art”,
and where there are gaps in academic knowledge The first topic to be discussed 1s what
external and internal factors influence small firm technological capability. The focus
then moves to the sources of information used by small firms m innovation. Customer
influence 15 explored, and small firm use of technology management techmques to

develop their own capabilities.

2.2.1. What Influences Small Firm Technological Capability?

Small firm technological capability 1s influenced by a range of external and internal
factors In terms of external factors, a useful concept to be found 1n the literature 1s that
of the “innovation system” The mnovation system comprises the network of different
actors who contribute to the innovation process — not only compames, but other
organisations including universities, government organisations and research institutes
(Edquist, 1997) This 1dea reflects the “networking” aspect of the fifth generation model
of innovation (Rothwell, 1992}, which was described 1n section 2.1 1 1 In this context,
technological innovation 1s not seen as something which happens exclusively within a
large firm or a small firm, but instead 1t 1s the product of collaboration and the diffusion
of information and technology between elements 1n the system. Small firm technological
capability 1s therefore influenced by other orgamsations within the innovation system and

by the strength of their links with these organisations.

Some policy research has focused specifically on national innovation systems — for
example, the DTI undertook a study of the national innovation system in the UK
(Vithlani, 1995), while another study compared the national innovation systems in a
number of the Organisation for Economic Cooperation and Development (OECD)
countries (OECD, 1997). Freeman observed that despite increasing globalisation, there
remain major differences between countries in mnovation, and “the influence of the

national education system, ndustrial relations, technical and scientific institutions,
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government policies, cultural traditions and many other national institutions is
Sundamental” (Freeman, 1995).  Research into national mnovation systems generally
focuses on knowledge transfer among formal R&D, educational and economic
organisations, and on the processes of mnovation and learming (Edquust, 1997) Martin
and Johnston (Martin and Johnston, 1999) specifically considered the role of Technology
Foresight programmes m strengthening the national innovation systems in the UK,
Australia and New Zealand — by improving the linkages between the organisations withm

those systems

There has also been a certain amount of interest 1n innovation systems at the regional
level, as regional authonties attempt to boost the competitiveness of local businesses.
For example, Cooke et al (Cooke et al, 1997, Cooke et al., 1998) 1identify the
characteristics required for successful regional systems of innovation, both 1n terms of
financial and nfrastructure, and n terms of the culture of mstitutions and organisation
A distinction 1s made between simple geographical clustering of mndustry sectors and
situations of regional embeddedness, where interactions are based on relationships of
trust and cooperation Geographical proximity 1s not considered to be enough to attain
the benefits such as interactive leamming which come from regional embeddedness
(Cooke et al, 1998) Bryson and Damels appear to promote a contrasting view, that
small firms have too many strong ties with their local business commumty (Bryson and
Daniels, 1998) They cite Granovetter’s hypothesis (Granovetter, 1982} that “weak ties”
are critical to diffusing mmnovations. The suggestion is that within a close-knit
community, much of the knowledge 1s shared, so that for new information and expertise
1t 1s often necessary to look to the “weak ties” of looser acquaintances and business
connections. The best source of information or technology may be found outside the

local region.

Some of the linkages between small firms and other orgamisations are manifested in
collaborative R&D projects and formal networks funded by national government or
European 1nitiatives  These public programmes provide linkage to external and
internattonal networks which can benefit small firms in imnovation (Cooke and Wills,
1999). In the past, such programmes have been criticised for failing to meet small firm
needs because they have been restricted to *“far-from-market” activities, and also 1gnore
the importance of vertical supply chain hnks to small firm nnovation (Rothwell and

Dodgson, 1991; Cosh and Hughes, 1998).  There are also implications 1 trying to

28




impose formal networks on groups of companies (Macdonald and Lefang, 1998), since
some types of information are transferred more readily through informal networks
Attempts to formalise mechamisms for information acquisition are likely to suppress and
distort the informal information flows which are important for both strategy formulation
and mnnovation {Macdonald, 1996; Macdonald, 1998). (Information flow 1s “informal”
where there 1s no formal accounting of each information exchange — trying to monitor
information flow (and put a price on 1t) 1s hikely to hinder the process.) Formal networks
can nevertheless prove to be sources of mnovation 1n themselves, and also act as a

catalyst for informal networking (Maleck: and Tootle, 1996)

Other external factors which may influence small firm technological capability indirectly
mclude the current economic climate (affecting funds available for technological
development and recrwitment), government policies (for example the availability of tax
credit for R&D expenditure or 1n training and education) and legislation (such as the

current environmental focus on end-of-life issues for products).

The individual employees within firms have a significant impact on the technological
capability of small firms — for example, personal networks are cited as particularly
mmportant for key employees i high-technology industnies, where mnovation 1s critical
for gaining a competitive edge (Macdonald, 1998).  The mmportance of personal
relationships 1s also apparent from the way in which entrepreneurs are able to leverage
and combine the capabilities of several different suppliers to provide innovative solutions
(Lipparin1 and Sobrero, 1994).  As well as the personal networks of individuals, their
educational background 1s sigmficant (Sowtans, 2002), since without suitably qualified
scientists and engineers 1t can be difficult for a small firm to “assimilate and further
develop technological know-how, even when it does succeed 1n acquiring it from external

sources” (Rothwell and Dodgson, 1991)

Other internal factors which are likely to influence small firm technological capability
include the top management of the company. for example, the attitudes of SME owner-
managers are considered to influence their innovation support needs (North et al , 2001).
Management approach to risk and their strategic approach to technology will also have

an impact (Entrialgo et al , 2001, Dodgson, 1993)
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Whale all of these factors are interesting because they influence small firm technological
capability, this thests wall focus on the particular elements where this researcher can
contribute to understanding, This process of narrowing down the research area 1s
depicted mn Fig 2 3. This shows that matters of education, manager characteristics,
economics and public policy are not pursued further here, and are set aside for suitably
qualified researchers to address Instead the linkages between small firms and their
environment and the flows of information which influence technological capability are

explored further.

employee
qualifications

overnment
g Internal senior

policy
education Etornal factors management
system £ training
actors
legislation
Innovation
system economic

conditions

Explore further

inks to mnnovation envronment
and flows of information

Figure 2.3 Influences on small firm technological capability — “funnelling” ideas to explore

Surther

2211  Sources of Information for Innovation Used by Small Firms

Having examined how small firms operate as part of an “innovation system”, the next
consideration 1s how they utilise other organisations within the system to draw out
information for innovation. (N B The other organisations within the system will be
referred to as the “innovation environment” 1n order to centre on the perspective of the

small firm The term “innovation system” emphasises the systems perspective mnstead.)

In some cases, the sources of information 1n the mnovation environment will also be the
sources of new technology — for example 1n Table 2 3, Pavitt’s supplier-dominated firms
will look to suppliers as sources of both information and technological accumulation,
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while 1n Table 2 4, science-based NTBFs will need to access information about academic

research before being able to acquire the necessary technology from the umversity. In
other cases, the sources of mformation for innovation and the sources of new technology
may not be the same: 1n Table 2.3, the specialised suppliers will accumulate technology
by design and development but will utilise information from advanced users to stimulate
their design and development activities
There are a number of published surveys available which have analysed innovation 1n
UK SMEs These include
¢ UK Department of Trade and Industry (DTI)/Office for National Statistics (ONS)
Survey 1995
- Sampled SMEs (with 20-250 employees) 1n the manufacturing sector (Lambert
and Barber, 1998; Marsh, 1996)
e FEconomic and Social Research Council (ESRC) Centre for Business Research
(CBR) (Umiversity of Cambridge) Surveys 1991, 1993, 1995, 1997, 1999
- Sampled SMEs (with 1-500 employees) in the manufacturing and business
service sectors (Cosh and Hughes, 2000, Cosh and Hughes, 1998; Cosh and
Hughes, 1996, Small Business Research Centre, 1992)
o Confederation of British Industry (CBI)/3M/NatWest Innovation Trends Surveys
(Annually 1989-2002)
- Sampled large and small companies in manufactuning and non-manufacturing
sectors (CBI, 1995-1999; Coombs and Tomlinson, 1998; CBI, 2001, CBI, 2002)
e Commumty Innovation Survey (UK) 1998 and 2001 (conducted by ONS for DTI)
- Sampled firms with greater than 10 employees in the manufacturing sector and

most of the service sector (Craggs and Jones, 1998, Stockdale, 2002)

These quantitative surveys begin to reveal the importance of the vanous elements of the

innovation environment to small firms The different surveys consistently identify
customers and suppliers as the prime external sources of imformation for innovation,
which 1s confirmed elsewhere 1n the literature (Belotti and Tunalv, 1999; Vos et al,
1998, Hall et al, 1999; Hall et al., 2000, Fuellhart, 1999). Fig. 2 4 illustrates the
importance of the supply chain in graphical form using data from the 1995 CBR survey
The 1995 DTI/ONS survey separated process and product innovation (Fig. 2.5),
demonstrating that customers are particularly useful sources of product i1deas, wiile

equipment suppliers are useful for process 1deas
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1998 Commumity Innovation Survey (U K)

M Manufacturing
Services
B2 Overall

(* ) full data
not available

Percentage of firms in sample descnbing
source as moderately or very important

Source of Information for Innovation

Figure 2.6 1998 CIS survey (Craggs and Jones, 1998) — sources of information for service and
manufactin ing sectors (data plotted by author)

Differences between manufacturing firms and service firms were identified 1in the 1998
Community Innovation Survey (Fig.2 6) - competitors are a more important source of

information for service companies, whereas suppliers are more useful to manufacturers.

Contributions to the innovation process were also found to come from the information
and informal networking opportunities provided by conferences and exhibitions and by
trade associations (small firm regard for trade associations 1s confirmed elsewhere in the
Iiterature (North et al., 1997)). Other sources of information did not rate particularly
highly, except in the CBI survey for 1998 (CBI, 1998), which implies that Business
Links, higher education mstitutes (HEIs) and commercial research organisations provide
a reasonably high mput. The CBI survey, however, does not distinguish between
sources which firms regard as important and those that are not so significant: 1t simply
records the percentage of firms which mention the source. Nevertheless, 50% of SMEs
cited universities as a source of information 1in 1998, compared with 35% in 1997 — at the
same time as the overall percentage of manufacturing firms citing umversities dropped
from 63% to 57% Thts suggests that universities could be gaining a higher profile with
SMEs

33




There 1s some scepticism that SMEs actually need access to high level umversity
research, since the majonty of small firms perform only incremental process innovation
with relatively low level needs (Belotti and Tunalv, 1999; Bessant, 1999). Of course,
small firms are not a homogeneous group, and the approach to information sources varies
from company to company. Major and Cordey-Hayes (Major and Cordey-Hayes, 2000)
categonised SMEs as “involved”, “open™ and “uninvolved”, and observed that only the
middle group would be responsive to business support Each group tends to use different
sources — “uninvolved” SMEs are charactenised as being reliant on supply chains and
using little external networking, very much 1n contrast to the “involved” SMEs who work
directly and strategically with umversities, nstitutes and non-member research and
technology organisations (RTOs) The “open” SMEs are those who use Chambers of
Commerce, Trade Associations and membership RTOs. The focus of this research 1s on
the more “typical” SMEs who are likely to fall into the “open™ or “unmvolved”

categories

The literature demonstrates the importance of customers and suppliers as a source of
information for mnovation for small firms, and the lesser (but still significant) role
played by other elements m the innovation environment. It does not specifically reveal
how or whether these sources are used to gain information about future technology
requirements  The important relationship with customers 1s now explored 1n order to
probe this further, before mvestigating how small firms use other organisations in their

innovation environment through their own strategic management of technology.

Key findings:

» significance of supply chain sources of information
Explore further:

e influence of customers

¢  how small firms utilise rest of innovation environment

2.2.2, What Does the Literature Say about Customer Influence?

In the previous section, the importance of customers as a source of information for
mnovation was 1dentified Customer influence on small firm technological capability
may be evident 1n the formal interactions between the buying firms and their suppliers.
The Iiterature concermning such formal interaction focuses on two areas: firstly the

involvement of suppliers n the new product development process, and secondly supplier
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development. These two areas are explored below 1n order to discover what the literature

has to say about customer influence on small firm technological capability

2221 Concurrent Engineering and New Product Development (NPD)

Involving suppliers 1n new product development 1s an extension of concurrent
engineering It 1s relevant to thus research because often 1t involves compames working
with their suppliers on technological 1ssues and potentially influencing the technological

capability of the supplicr.

Concurrent engineenng has become popular as a means to cut product development
times, to 1mprove quality and design-for-manufacture and to cope with the increasing
complexaty of products (Swink et al., 1996, Haddad, 1996; Nevins and Whitney, 1989;
D'aveni, 1999).  Traditionally new products have been developed through a series of
stages, passing sequentially from concept creation to design, testing and production, with
each stage controlled by a different function — eg the R&D department or the
manufacturing department. The alternative offered by concurrent engineering is for
cross-functional teams to work on various parts of the new product development at the
same time  This does not alter the natural order of the tasks involved in product
development, but by overlapping those tasks and increasing communication between the
different departments ivolved in the development, costly design iterations can be
avorded because the earlier tasks are performed with due consideration of the
requirements at later stages of the development (Kusiak and Belhe, 1992; Dwived: et al ,
1990)

Inter-organisational concurrent engineering 1s a logical extension of the concept, since 1t
encourages the mput of customers and suppliers in the design process. The practice of
“early supplier involvement” (ESI) in new product design and development has been
found to be related to the number of supplier base imtiatives, lower product integration,
broader supplier scope and a higher proportion of purchased parts (Bidault et al , 1998a)

Bidault et al. found that ESI levels were lower at both low and high purchase volumes.
For high volumes, this may be because the parts purchased tend to be standard products
or because custom parts are produced in-house due to economies of scale. At low
volumes, suppliers are unlikely to get too involved since there 1s hittle opportumty to

recoup design expenses.
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The lhiterature concerning ESI covers a vanety of research themes, from ESI “best

practice” {Dowlatshahi, 1998) and success factors (Ragatz et al.,, 1997), to customer
perceptions of suppliers’ contributions (Hartley et al., 1997; McCutcheon et al, 1997)
Handfield et al consider the optimum time at which to integrate suppliers (Handfield et
al.,, 1999). suppliers of complex items, systems or subsystems, critical items or
technologies should be involved earlier (towards the 1dea generation stage), as should
strategic alliance suppliers and “black box” suppliers. Conversely, suppliers of simpler
items, single components, less critical 1items or technologies should be mmvolved later,
towards the prototyping stage — alongside non-allied suppliers and “white box” suppliers.
The rate of technological change 1s another important factor since ESI could result in
design lock-in with an obsolete technology The ESI literature does not appear to

consider the size of firm to be an 1ssue and there are few references to small firms.

There 1s a question as to whether ESI and concurrent engineering have an impact on
inovation. Swink et al observe that supplier mmvolvement s critical for highly
mnovative products, where the information provided by suppliers helps to reduce the
technical uncertainty of the project (Swink et al., 1996). Handfield, however, observes
that while concurrent engineering may provide benefits for incremental innovation, 1t
appears to be less successful when applied to "breakthrough" or radical mnovation
(Handfield, 1994) The concurrent engineering mindset focuses on speed (1.e cutting
product development time), which may have a detrimental effect on the development of
breakthrough products by increasing defect levels This 1s partly because breakthrough
products often incorporate state-of-the-art technology which may not have been fully de-
bugged, but there 1s also danger of mistakes due to lack of famihanty with the
technology. Gagnon (Gagnon, 1999) identifies the current optimisation for product
development speed as creating a sigmficant challenge for the development of electnic
vehicles  The automotive industry has become accustomed to using concurrent
engineering for incremental innovation, but radical innovation requires creativity rather
than speed. The orgamsational structures employed in concurrent engineering - such as
the use of cross-functional, cross-organisational teams - lend themselves well to
technological innovation, but different targets for performance will be necessary. A

greater focus on generating knowledge about core technology, rather than on design, is

also required




Since the focus of this research 1s on the development of suppliers’ technological
capabilities, processes that relate particularly to technology and long-term 1ssues are of
particular 1nterest. The process of mvolving supphers in new product development 1s
very likely to relate to technological capability 1n some way, although there appears to be
little evidence 1n the literature of technology transfer resulting from such collaboration,
It may lead to the informal exchange of long-term technology lookahead information, but
1t 15 debatable as to whether NPD can be described as a long-term activity with today’s
ever-shortening development cycles Inter-orgamsational NPD tends to work towards
product spectfications which have already been broadly defined, and 1s often limited to
the use of proven processes and technologtes (particularly where there are qualification
procedures to be followed, as in the automotive industry). In terms of formal processes
designed to enhance long-term supplier capability, supplhier development could

potentially be more relevant than new product development.

Key findings:
¢ inter-organisational concurrent engineering focused on cuttin
product development time rather than on innovation
e no direct link established between customer-supplie
interactions in new product development and long-ter

supplier technological capability

2222  Suppler Development and Supply Chain Learming

The discussion 1n section 2.1 1 highhighted the need to think about technological
capabihity as a supply network 1ssue  The supply chain management literature provides
msight into the manufacturing supply network, but some of the research 1n this field 1s
however biased towards concerns over logistics (e g. (Christopher, 1998)), which is not
of direct relevance to the topic under consideration here. Supplier development could be
one mechanism to help suppliers 1n developing their technological capability, and so this

particular subject was examined in detail.

The introduction of supplier development by many large firms mdicates that they are
taking a supply chain view rather than simply ignoring matters outside of their own firm.
A small body of literature concerming supplier development has appeared over the past
decade, mainly anising from purchasing and materials management research, A helpful

summary of this literature 1s provided by Krause and Handfield (Krause and Handfield,
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1999). The following review looks broadly at the supplier development literature, and
also pays particular attention to the way in which the supplier development hterature

addresses technology

Monczka et al (Monczka et al, 1993} put forward a strong case for the need for supplier
development, explaiming that despite a clear trend towards increased reliance on
suppliers, supplier performance 1s “not improving at a rate that wil sausfy future
expectations or requirements’.  The hterature distingmishes between supplier
development which 1s simply a process to select appropnate new suppliers to meet a
firm’s requirements, and that which involves active intervention to upgrade existing
suppliers’ capabilities e g. (Hahn et al , 1990; Watts and Hahn, 1993). The emphasis of
the supplier development literature is however generally on active mtervention (Monczka
et al , 1993, Watts and Hahn, 1993, Hartley and Choi, 1996; Krause, 1997; Krause et al.,
2000; Krause and Handfield, 1999). Here the term supplier development will be used
solely to describe active itervention with existing suppliers, although this intervention
could include anything from direct firm involvement to providing incentives for
improvement or enforced competition (Krause, 1997) Monczka et al. called for
aggressive approaches to improve suppher performance, suggesting that direct
involvement such as providing personnel, capital, technology and equipment resources
will accelerate supplier capability improvements. US businesses prefer a “hands-off”
approach, e g increasing performance goals for suppliers, and providing limited
education and traiming to suppliers. This approach may however only result in steady
improvement at a rate inadequate to meet their future need for world-class suppliers
{Monczka et al., 1993)

Suppher development schemes have been widely 1n use by large companies for over a
decade (Watts and Hahn, 1993) The roots of supphier development are particularly
associated with the automotive industry, when Japanese car manufacturers recognised the
need to make significant improvements 1n the local supply base in their European and
North American manufacturing operations (Lamming, 1993) Most intervention by
customers has been limited to the first tier level, with first tier suppliers expected to work
with their suppliers and so on There can be a certain arrogance on the part of large
companies who take advantage of theirr dominant role in their suppher partnerships and
impose "improvements” on their suppliers that may not necessarily benefit their

performance outside of their business with that particular customer It is however
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possible to co-operate for the mutual benefit of both parties (Lamming, 1996),

recognising that problems may not always originate with the supplier.

Krause et al. (Krause et al , 1998) distinguish between strategic and reactive approaches
to supphier development, based on survey research. Companies engaged in supplier
development are erther using 1t reactively to deal with poor supplier performance or are
using 1t strategically to enhance the long-term capability of the supply base The suppher
development activitics are similar for both the reactive and strategic groups, but firms
with a strategic approach begin by identifying suppliers of commodities that are high
supply nsk, high volume or high value-added, and focus their suppher development
efforts on these compamies  Watts and Hahn (Watts and Hahn, 1993) did not find a
particularly strategic approach in their survey of supplier development programs, which
revealed that companies were rather more 1nterested in improving the products purchased
than improving their supphers' capabilities This demonstrates a short-term focus on
improving the product "to reduce the delivered cost, rather than looking at the process
and systems related capabilities that can facilitate future improvements and cost

reductions"

Another study by Krause (Krause, 1999) mvestigated factors which precede a buying
firm's 1nvolvement 1n supplier development Firms with a strategic approach might be
expected to "rely on suppliers to share the burden of designing and producing products
that incorporate the latest technology, and the related production capabilities that
accompany such an effort" (Krause et al, 1998) Therefore there was a proposal that
"firms that compete in markets characterised by high rates of technological change are
more likely to be involved in strategic supplher development" (Krause et al, 1998). It
was not however possible to confirm that the level of technological change in the buying
firm's industry has a sigmificant impact on the buying firm's perspective towards
suppliers (Krause, 1999) The buyer’s positive perception of supplier commitment has
been found to increase the propensity of the buymg firm to engage in supplier
development, as does effective buyer-supplier communication. Informal commumcation
with suppliers has been linked elsewhere to improved supplier performance (Giunipero,
1990).

The need for mmprovements mn the technological capabilities of suppliers has been

identified in the supplier development literature e g (Morgan, 1993). Hahn et al. (Hahn
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et al, 1990) in fact list technical capability before quality, delivery and cost capabihties
in therr suppher development activities matrix. Surveys of compantes engaged m
supplier development show that they give a lower prionty to technology, however.
Improving quality, cost and delivery (QCD) performance clearly remain the top goals of
supplier development (Watts and Hahn, 1993, Krause and Handfield, 1999), with
mmproving supplier technical capability and increasing supplier product development
capability ranked 6™ and 7™ respectively (Krause and Handfield, 1999)

The prionttes of supplier development programs probably reflect the nature and interests
of the teams involved 1n supplier development Watts and Hahn (Watts and Hahn, 1993)
found that procurement and quality control specialists participated in most supplier
development activities, Engineering was involved 1n over half the cases, while matenals
management and production departments were involved to a lesser extent Marketing,
research and development and finance representatives were also occasional participants

Krause and Handfield (Krause and Handfield, 1999) identified cross-functional support
as a critical success factor for supplier development and their findings, shown 1n Table
25, suggest an increased role for engineenng in supplier development.  Supplier
development was often originally mtroduced as an extension to vendor assessment and
open-book negotiation (Lamming, 1996) It can also be seen as an evolution from total
quality management (Krause et al., 1998; Tan et al., 1998), and 1s linked to the field of
logistics (Christopher, 1998). It 1s natural therefore that quality, cost and delivery are
high prionty areas for suppler development, particularly since purchasing usually have
overall responsibility for supplier development (It 1s also easier to 1dentify targets for
improvement 1n QCD than in technological capability, due to the relative ease of

performance measurement }

Table 2.5 Functions involved in the supplier development effort (Krause and Handfield, 1999)

Department Percentage
Purchasing 97 0%
Quality Assurance 76 4%
Engineering 68 1%
Matenals Management 52 1%
Manufactunng 49 7%
Accounting 11 4%
Marketing 8 5%
Other functions 4 0%
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Supplier development has nonetheless been shown to be effective in improving
suppliers’ manufacturing processes (Hartley and Choi, 1996), as well as QCD The
success of customers 1n providing a catalyst for improvement 1s attributed to their ability
to provide an outsiders perspective, legitimise the need for change, and overcome the
supplier's orgamsational 1nertia Sustaining these mmprovements without further
customer mvolvement can be difficult for many suppliers For strategically important
suppliers, a process-orientated supplier development programme may be used to build
the supplier's capability for change (Hartley and Jones, 1997) and help sustain long-term

mmprovernent.

The UK Department of Trade and Industry have 1dentified the supply chain as a route to
transfer learning about best practice (DTI, 1999), and commissioned a report to
investigate supply chain learming (Bessant et al , 1999). Among the conclusions was that
supply chain sharing of best practice could only occur where trust, co-operation and
mutual dependence were the underpinning values. One of the main exemplars of supply
chain learmng in the UK 1s the Society of Motor Manufacturers and Traders (SMMT)
Industry Forum, which 1s seen as best practice for other industry sectors (DTI, 1998)
The SMMT Industry Forum 1s industry-led and uses master-engineers from vehicle
manufacturers and other external sources of “best practice” mn traimng and support
programs designed to improve competitiveness at the shop-floor level. (Thts programme
1s similar to - and 15 possibly based upon - the Japanese supplier association model
described by Hines {Hines, 1994)) Master-classes are usually hosted by a first tier
supplier, focussing on e g. one particular product and involving selected suppliers There
are also supply chamn programs looking at quality, cost and delivery, with a strong cost-
down focus From discussions with a researcher based at the SMMT Industry Forum, 1t
18 clear that the focus 1s on 1ssues such as removing unnecessary manufacturing
processes, rather than anything which might be considered to advance technological
capabilities.  Reducing costs 1s the priority rather than long-term technological

mnovation.

Despite ranking technology as a relatively low pnonty, automotive and electronics
companies 1n the US still estimate that a 15% improvement 1n access to new technologies
1s attnbutable to their suppher development effort (Krause and Handfield, 1999). The
same study links long-term technological capability to supplier development as part of its

viston of “integrative development” (1e development aimed at achieving a globally
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aligned supplier network). This includes the integration of suppliers 1n new product and
process development, and considers 1ssues such as outsourcing design, shanng
technology roadmaps and supplier co-location, using case-study examples To date, only
a few companies 1n the study had made any nroads at this, the most advanced level of

supply base management.

Part of the challenge for “integrative development” (Krause and Handfield, 1999)
described above includes establishing performance improvement 1n second-tier supphers
as well as first-tier suppliers This 1ssue has also been addressed by Scannell et al.
(Scannell et al, 2000), who studied how first-tier automotive suppliers are using supply
chain management practices with their upstream suppliers  Supplier development was
considered alongside supplier partnenng and Just-In-Time purchasing practices, looking
at themr effect on performance 1n terms of flexibility, innovation, quality and cost The
only sigmficant hnk found between supply chain management and innovation
performance was the association between supplier development and process innovation
performance. Scannell et al suggest that first-tier suppliers may “allocate thetr traimng
and technical resources to develop and align specific process capabiities, both
internally and at thewr suppliers’ facilities, to support long-term process improvements”™
Product 1nnovation and design quality were not correlated with supply cham
management practices, but this could be because these practices have only recently been

deployed upstream by first-tier suppliers

The lhterature described 1n this section suggests that supplier development often
addresses technological issues to a greater or lesser extent, and may therefore be
influencing suppher technological capability.  Research 1n this area has however
typically been conducted from a purchasing perspective rather than from a technological
viewpoint, and therefore there 1s scope for more in-depth research on developing supplier
technological capabilities. The literature has also tended to focus on the buying firms
rather than exploring the impact of supplier development from the suppliers’ perspective,
and this gap has been acknowledged (Krause, 1997, Krause et al, 2000). There 1s also
scope to take a systems approach to technology in the supply chamn, which appears at

present to be missing.
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Key findings:
¢ supplier development addresses technological issues as part of
holistic approach to supplier capabilities
Gaps:
* no systems approach to technology in supply chain
management
o supplier development research predominantly conducted by

procurement specialists not engineers

The next section considers the extent to which small firm technological capability 1s

influenced by their own strategic technology management processes.

2.2.3. What Does the Literature Say about Small Firm Strategic Technology
Management?

Having explored what the literature has to say about how customers influence small firm
technological capability, consideration 1s now given to the way in which small
companies utilise other elements in therr innovation environment by examining the

literature concerning strategic technology management and small firms

In fact, very Ittle research has been published which directly addresses strategic
technology management within small companies In one study, technology management
was 1dentified as a success factor for SMEs 1n mmnovation (Birchall et al., 1996), and n
another 1t was linked to international competitiveness (Lefebvre et al., 1993).
Technology management tools were also tested 1n both large and small compames as part
of a major European collaborative research project into technology management, known
as TEMAGUIDE (TEMAGUIDE). This appears to be the current extent of the small
firm research addressing technology management as a general topic, although some
Canadian research has considered technological scanming by small manufacturers
(Raymond et al., 2001). This subject 1s approached instead from two different angles —
firstly reviewing holistic approaches to technology management, then considenng
strategic planning as 1t relates to small firms, attempting to draw nferences for

technology management
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2231 Holistic Approaches to Technology Management

There are a limited number of papers concerning holistic approaches to technology
management 1n the academic literature. Durrani et al. (Durrani et al , 1999) descnibe an
integrated approach to technology acquisition management. They review the technology
management literature and partition 1t into three categones* technology management
systems, technology management methodologies, and technology acquisition practices.
Under this classification, the first category is the area which has been researched the most
thoroughly, and addresses the management of technology as part of a broader set of
activities - e g. management of core competencies. The second category contains a much
smaller body of Iiterature which 1s specifically focused on practical application of the
technology management process The third category addresses particular techmgques
concerned with technology acquisition, ¢ g technology scanning. Durram et al. identify
the need for an approach which 1s integrated across the three categonies, allowing cross-
functional company-wide activities but also practical implementation of distinct
activities Their model involves first establishing market-place requirements (classtfied
as essential, valued or desirable), then identifying technology solutions {classified as
bastc, core or future core) and establishing the source of acquisition (internal, alliance or

external).

The 1dentification, selection and acquisition of technologies are identified as distinct
phases 1n the technology management framework process developed by Gregory
(Gregory, 1995), which also considers two further phases, namely technology
exploitation and intellectual property protection. The framework 1s set out as a cycle
rather than a linear process, and considers the links outside the company and within the
company. Further work has examined how to integrate technology management as part
of the business planning process (Probert et al, 1999), although the onginal framework
falls into the second category descnibed by Durram et al. and therefore addresses purely

technology management rather than other management issues

An approach which integrates technology management and corporate strategy 1s the
strategic technology scanning procedure proposed by Van Wyk (Van Wyk, 1997)
Technology and corporate strategy are linked 1n such a way as to involve all levels of the
company, from board level to individual technologist Strategic technology scanning is
seen as an "integral part of overall environmental scanming" and should produce results

which assist 1n the corporate strategic planning process.
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Given the resource hmitations of small firms discussed in section 2.1 2 2, perhaps 1t 15
unsurpnsing that the application of technology management in small firms does not
feature highly in the hterature. The holistic approaches described here would be

extremely resource mtensive for an SME

Observation:

¢ frameworks and formal processes for technology management

may be too resource intensive for small firms

2232  Small Firms and Strategic Planning

There have been rather more studies linking SMEs and strategtc planning than SMEs and
technology management. According to the literature, however, the majority of SMEs do
not engage 1n strategic planning Where planning is carned out, 1t tends to involve short
time horizons, 1t 1s generally informal (sometimes purely a mental activity), sporadic and
non-comprehensive - but 1t can be made more effective by engaging external consultants
(Robinson, 1982, McKiernan and Morrs, 1994),

The Iiterature 15 1inconclusive about the effectiveness of strategic planning for SMEs in
terms of any benefit to their financial performance McKiemnan and Morns (McKiernan
and Moms, 1994} attrnibute this to methodological and theoretical differences in the
research Piest (Piest, 1994) instead reasons that the value of strategic planning {and
hence 1its effectiveness) depends on each SME's circumstances As a first step to
examining the link between those circumstances and the importance of strategic
planning, Piest hypothesised that planning comprehensiveness 1s linked with the
complexity and vaniability of strategies pursued by SMEs. The hypothesis was however
only partly supported, with strategic variability found to be positively related to the
comprehensiveness of forecasting the future strategic position It was not inferred that
comprehensive planning processes should be used in situations of high strategic
vaniability, and reference was made to earlier findings which showed that where
percerved uncertainty was high, compantes with limited planning processes were likely
to outperform companies with a comprehensive planning process (Frederickson and
Mitchell, 1984) Nevertheless, Peel and Bridge (Peel and Bridge, 1998), 1n a study of

UK SMEs, also found a positive association between strategic planming intensity (1.e.
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planning detail) and the levels of perceived environmental change (as well as perceived

profitability and achievement of primary objectives)

Some of the literature does clearly support a link between strategic plannming and small
firm performance. Bracker and Pearson (Bracker and Pearson, 1986) studied a sample of
small (mature but entrepreneurnal) dry cleaning firms, and found a positive relationship
between the level of planning sophistication and financial performance. Firms with long
(greater than 5 years) plannming histories significantly outperformed those with short
planning histories. (Bracker and Pearson do however raise the question of whether
having a structured strategic planning ortentation diminishes the firm's ability to respond
to change ) Aram and Cowen, who are small business consultants, describe how a small
investment 1n strategic planmng can guarantee the growth and adaptability of the firm,
leading to increased profits (Aram and Cowen, 1990) They note that 1t is helpful to
have a core group of executives with the freedom "to engage in unstructured activity with
a long-term time horizon" According to Aram and Cowen, a major precondition for
successful planning 1s that the firm 1s not already faced with a survival crists, since at this

stage 1t 1s too late.

In the cases where the literature does not support a Iink between strategic planning and
small firm performance, the mamn 1ssue appears to be the formality of the planning
processes, For example, Robinson and Pearce (Robinson and Pearce, 1983) examined a
sample of small US banks, and found that formal planning procedures appear to provide
no benefit in terms of financial performance. Formal and informal planners placed
similar emphasis on scanming the environment, identifying distinct competencies,
aligning organisational structure, deploying internal resources and monitoring the
implementation of strategic processes, but formal planners naturally placed more
emphasis on formulating goals and objectives. While 1t may be appropnate for large
firms to fix long-term objectives and company mission before planning, this may 1n fact
be of little benefit to small firms Robinson and Pearce suggest that small firms should
concentrate on the more tangible aspects of planning such as resource and capability
assessment and environmental analysis. They also observe that the success of the
informal planners does not mean that less planning 1s necessary, but there may not be
such a great need for formal wntten documentation. Richardson (Richardson, 1995), on

the other hand, believes that having a written business plan stimulates a more thoughtful
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and disciplined approach to the planning process (although he does warn against too

much paper and not enough action).

McKiemnan and Moms (McKieman and Morns, 1994) were also unable to establish a
link between formal planning and better than average performance. They observe that 1t
1s possible that processes which may start out as formal planning systems become
embedded 1in day to day operattons, and cease to be recognised as a formal activity.
McKiernan and Morris note that there 15 general agreement in the hiterature that formal
strategic planning mm SMEs 1s important, particularly in turbulent environments where
conventional forecasting mechanisms are less effective and "the possession of formal,
flexible systems, with in-built scanning mechanisms, becomes a prerequisite of survival”.
Richardson observed although 1t 1s difficult to prove financial improvements are due to
the business planning process, there are clear benefits to the decision-making capability
of the firm. In his view, business planning is beneficial to small firms, and he suggests
that where 1t 1s unsuccessful, 1t 1s due to certain problems with the planning philosophy,
implementation process or use in an inappropriate context (Richardson, 1995) There are
particularly serious dangers involved 1n trying to water down strategic planmng
processes designed for large companies. These tend to be "top down" processes, starting
from the long-term corporate objectives "Bottom up", practical processes are much more

effective in SMEs (Robinson and Pearce, 1983; McKiernan and Morms, 1994).

Key findings:
¢ strategic planning in small firms addressed in literature but is
not conducted by the majority of SMEs
¢ planning tends to be informal and sporadic with relatively short
time horizons

¢ planning does not usually involve technology

2233  Small Firms and Strategic Technology Management

There 1s very little literature on strategic planming m SMEs that addresses technological
1issues directly There are however a number of lessons which can be drawn from the
strategic planning literature above when considering technology strategy and planning m
SMEs:

o The mmportance of scanming in a rapidly changing technological environment

(McKiernan and Morris, 1994, Robinson and Pearce, 1983). Awareness of
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developments 1n technologies - and the markets for those technologies - will enable a
small company to respond to those changes and make the nght decisions
(Richardson, 1995). (Ths 1s confirmed by Raymond et al.. who have directly
mvestigated technological scanning 1n small firms {(Raymond et al , 2001))

o The precedence of adaptability over having long term fixed objectives (Robinson and
Pearce, 1983, Bracker and Pearson, 1986).  The suggestion that limted planming
may be more helpful than comprehensive planning (Fredenckson and Mitchell, 1984)
supports the concept that flexibility may be sacrificed 1f there 1s a firmly fixed 1dea of
which technologies will be most important to the company in the future Rather than
focusing a lot of attentton on the details of how to implement a long term technology
plan, 1t may be better to spend a hittle more time re-evaluating the plan in the light of
developments 1n the technological environment, and ensuring that the plan should be
umplemented.

o The benefits and disadvantages of formal documentation As with any business
process, a system of formal documentation can help to raise the profile of technology
planming, and ensure 1t 1s not overlooked It also encourages the process to be taken
senously and given more thought (Richardson, 1995). On the other hand, since there
1s no evidence of formality being beneficial to small firms in general strategic
planning (Robinson and Pearce, 1983), 1t seems likely that the same will be true for
technology planning and strategy. The activity itself 1s more important than the
formality of the documentation.

o The dangers of attempting to water down large company processes for use in small
compantes (Richardson, 1995) Small companies operate in a very different way to
large corporations, and technology planning processes which are designed for large

companies may not be appropnate, even 1n a cut down form, for small companies

Most of the conclusions summansed above are based on inference, because there 15 a gap
in the literature concerning strategic technology management within small firms This
gap m the literature 1s however likely to remain unless small compantes become much
more widely motivated to engage in technology management processes, and have the
resources to do so. There 1s potential to conduct action research 1n this area to stimulate

technology management activity in small firms, but this avenue 1s not pursued here,
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Gaps:
» direct research on small firm technology management (requires

action research to stimulate such activity)

2234  Information Acquisition for Technology Management

While few small firms engage 1n formal technology management processes, they do
monitor and scan their environment for technological information (e g. (Raymond et al ,
2001)). In many cases the companmies will not be conscious that they are acquiring
information, since 1t will occur naturally during the course of therr daily business
activities. Very few firms will mentally distinguish between searching for technological
information and other types of information, and the literature tends to confirm this n its
treatment of small firm information acquisttion® the broad information and support needs
of small firms are usually approached holistically without singling out technology for

special consideration

The hterature on sources of information used by SMEs reviewed 1n section 22 1.1 1s
very relevant to the discussion of small firm information acquisition The importance of
supply chain sources can be attnbuted partly to small firms tending to innovate
mcrementally to satisfy customers (Belotth and Tunalv, 1999), and to small firm
dependence on their “daily environment” (1.e suppliers, competitors and customers) for
the acquisition of new knowledge (Vos et al,, 1998) Research 1n the carpet industry
(Fuellhart, 1999) found that small firms prefer to use sources which are personal and
easily accessible, making supply chain, trade shows and publications popular, but
nstitutional sources were at the bottom of their list. Other research has found that
sectorally-based agencies such as trade associations are often used by small firms for
external advice and support (North et al., 1997) SMEs also have a propensity to use
local sources, even in preference to better sources of expertise (Bryson and Danels,
1998) It 1s suggested that 1t 1s more efficient for small firms to use their networks to
access information, rather than trymg to extract information from a large number of

sources Where their own network 1s madequate, they can also access more speciahised

but more distant networks through contacts 1n their own immediate network (e g. through
a “friend of a fnend”) (Julien, 1995).




There 15 a percerved mismatch between small firm needs and sources of support, which 1s
highlighted 1n the literature. SMEs often do not recognise what their real needs are
(Autio and Klofsten, 1998), but instead want help in dealing with short-term issues which
may have no impact on their longer-term competitiveness (Turok and Raco, 2000) That
research was aimed more at small business support than information acquisition, but
other research has focussed on the alignment between small firm needs and particular
information and technology sources such as universities (Storey and Tether, 1998b) and
government programmcs (Bessant, 1999, Julien, 1995). There appears to have been
relatively little research into how small firms perceive therr own information needs,
despite the fact that this will be an important driver for their information acquisition

processes.

In terms of 1dentifying barriers to information acquisition, Vos et al (Vos et al., 1998)
noted that SMEs regard knowledge sources as widely distributed, poorly sign-posted and
hard to find Hall et al (Hall et al., 1999) found the main barriers to firms using patent
information to be lack of resources, lack of relevance, problems obtamning access and
lack of awareness. Lang et al. (Lang et al, 1997) observed that small firms differ from
large 1n information acquisition as follows' a lack of management information systems; a
concentratron of information-gathering responsibilities in just a few people, fewer
resources, and lower quantity and quality of mformation available. The concentratton of
information-gathering responsibilities 1n just a few people could 1n fact be considered an
advantage which small firms have over large firms — making it easier for them to

synthesise the information they need.

The actual processes of information acquisition 1n SMEs (how and why information 1s
sought) have not been given a great deal of attention 1n the hiterature, although Lang et al.
(Lang et al., 1997) observe that small firms are motivated to seek external information
both 1n times of perceived opportunity and 1n times of perceived threat — whereas large
firms look more to trusted mnternal sources tn times of threat. A greater understanding of
informatton acquisition would help to shed light on how these processes affect small firm

technological capability
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Key findings:

e some evidence exists about which sources of information are
preferred by small companies.

Gaps:

e how do small firms perceive own information needs (the drivers
which make them seek technological information)?

¢ scope for greater understanding of information acquisition

processes

2.3,  Chapter Summary

This chapter presented first the literature which forms the background context to this

research, then focussed 1n on the influences on small firm technological capability.

The first part provided evidence of why the technological capability of manufacturing
suppliers 1s mcreasmgly of interest, and looked at the mmportance of technological
mnovation 1n providing competitive advantage and the reasons why 1t increasingly falls
to supphers to provide those advanced technological capabilities Justification was then
given for focussing on small firms, with a review of the role of small firms 1n innovation
setting the context for much of the research presented here. The first part concluded with
an indication from the literature of what type of suppliers would be of most interest to

this research

In the second part, the review was concerned with how the existing literature deals with
the influences on small firm technological capability. After a broad look at possible
influences, the scope was narrowed to focus on the flows of information between small

firms and organisations 1n thetr environment

Having 1dentified customers as a dominant source of information for innovation, the
influence of customers was then explored further through a review of the literature
surrounding the involvement of suppliers mm new product development, and of the
supplier development literature The new product development route was considered to
mnvolve time honzons which were too near for the development of technological

capability, but gaps were 1dentified in the supplier development literature which provide
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scope for new contributions. Supplier development has not been approached from the
perspective of the development of technological capability (1instead most research focuses

predominantly on the quality, cost and delivery priorities of procurement specialists).

Balancing the “customer push” angle, the review then turned to “suppler pull” — how
small firms access the innovation environment and strategically manage their own
technology  Very little activity has been documented in this area, so the review
considered technology management i general, alongside strategic planning in small
firms, to draw some nferences for technology management in SMEs (While there 1s a
gap n the literature, 1t 1s hikely to remain unless action research is undertaken to
stimulate formal activity by small firms ) Fnally, supplier information acquisition was
related to technology management, and reviewing the literature 1n this area revealed a
need to understand more about how small firms perceive their information needs and

how their information acquisition processes may influence their technological capability.
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3. Top-Level Research Design

This chapter begins by placing the research in the context of its philosophical standpoint,
and links this to the research approach adopted and the overall aim of the research The
basic assumptions behind the research are identified, along with himitations of the scope
of the research The top-level research design 1s then introduced’ an iterative approach
based on the development of frameworks or mental models An nitial framework 1s
presented which centres on the innovation environment for small manufacturers, which s
to be explored through a scoping study Finally the research methodology for the
scoping study 1s described

3.1. Philosophical Position

The theme of this research has already been outlined 1n the first two chapters: our
interest 1s 1 factors which will enable small manufacturning suppliers m the UK to
develop their technological capability 1n such a way as to continue to meet market needs
and be globally competitive. There are a number of philosophical assumptions and value

judgements inherent 1n the selection of such a topic

The statement of the subject as 1t stands imphes that this researcher sees small firms as
cognisant entities with an awareness of market needs and the ability to develop This 1s
not entirely the case — the characteristics ascribed to “firms”, “orgamisations” and
“companies” throughout this work are intended as “shorthand” to describe the collective
actions and attributes of the individual people employed within these structures
Nevertheless, this researcher comes from an engineenng tradition which is inclined to
see orgamisations as functional umts and the activities of employees as “processes”
(parallcl to automated production lines). This mechanistic view of orgamsations (as seen
1n business process re-engineering) has not been without critics since 1t tends to 1gnore

political, ethical and moral 1ssues (Johnson and Duberley, 2000)<" *

The mechanistic view of organisations emerged partly from a desire to put the social
sciences on the same footing as the natural sciences, by using a similar positivist research
approach This allows researchers to wdentify causal explanations by testing theory
against empirical observations — with the ultimate goal of allowing managers to predict

and control even the social interactions within their organisation Many management
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researchers (and academic journals) make positivist assumptions, even without realising
it, because this approach fits with our “common sense” view of the world that 1s
ingrained 1n our Western culture (Johnson and Duberley, 2000)" 3. This includes, for
example, the perceived importance of being “objective” when conducting research,
Many of the alternatives to positivism are much more subjective 1n nature. for example, a
phenomenological approach takes the stance that reality 1s socially constructed and that

the role of management research 1s to generate understanding of social interactions.

Objectivist
approach

Realism
- In essence, social
and organisational
reality exast
independently of
human consclousness
and cognitions

Positivism
- It 1s possible to
observe the empincal
world in a neutral
manner through the
accumulation of
objectve sense-data

ONTOLOGY

Subjectivist
approach

Nominalism
- reality 1s simply a
product of our minds - a
projection of our
consciousness and
cogniton with no
independent status

EPISTEMOLOGY >

Determinism
- sees human
behawviour as
determined by the
situaton - as
necessary responses
to external stimuh

Anti-positivism
- there are no neutral
grounds for knowledge
since all observabon 1s
value- and theory-laden

HUMAN NATURE
4 P

Nomothetic
- located in the unity of
the sciences and
apphes protocols and
procedures derived
from the natural
sciences

Voluntarism
- human acton arises
out of the culturally
dernved meanings they
have deployed during
sense-making

METHODOLOGY
& P

Idecgraphic
- attempts to uncover the
internal logics that
underpin human action
by deploying methods
that access cultures

Figure 3.1 Burrell and Morgan’s metatheoretical assumptions about the nature of social

science (Johnson and Duberley, 2000; Burrell and Morgan, 1979)

By distinguishing between objectivist and subjectivist positions, it is possible to highlight

some of the choices made by researchers m terms of basic assumptions about the nature

of therr research Burrell and Morgan’s “metatheory” of the nature of social science
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(Johnson and Duberley, 2000; Burrell and Morgan, 1979) is shown mn Fig. 3.1. The first
ax1s considers ontology (the nature of reality), where the objectivist position 1s that there
15 an external and independent reality, while the subjectivist view is that reahty 1s
“created” by human munds. The second axis 1s concerned with epistemology (the nature
of knowledge), where choices are made regarding whether 1t 1s possible for the
researcher to be a neutral observer, or whether values and language will shape how they
percerve and describe the world In studying orgamisations, 1t is also necessary to form
an opimnton about human nature and whether human behaviour 1s determined by external
factors, or by their own subjective mterpretation of the world, The fourth axis
distinguishes between methodological approaches which focus on “scientific method”,
emphasising systematic protocol and technique, and those which try to understand the

internal mechanisms of human nteraction through getting close to the subject.

The ontological and epistemological debate influences what 1s seen as “truth”, or valid
research findings.  With a realist ontology and positivist epistemology, a
“correspondence theory” of truth can be employed. This means that a theory can be
proved or disproved by comparing 1t with the facts - which are neutrally obtainable. In
contrast, a “consensus theory” of truth suggests that theories are judged according to
whether they fit with the established “paradigm” (the view of a particular community).
Kuhn suggested that science progresses through a senes of “paradigm shifis” whereby
scientific observations that do not fit with the established paradigm may lead to its
eventual breakup and the establishment of a new paradigm. While Kuhn saw only one
paradigm as dominant at any one time, Burrell and Morgan’s view was that many
different paradigms could co-exist (Johnson and Duberley, 2000). The choice of a
subjectivist epistemology has some sigmficant imphcations for shared understanding
between different paradigms, however Kant combined realism with a subjectivist
epistemology, asserting that although there was an independent reality of “noumena”
(things 1n themselves), we can only access a version of reality through “phenomena”
(things as they appear) — a reality filtered by our own prior experience and cogmtive
structures. Regardless of whether or not there may be an external and independent
reality, 1f we cannot refer to 1t then our version of reality 1s created within our own
paradigm and cannot be shared. Therefore research results that make sense within one
paradigm are likely to be meaningless in another, because the whole frame of reference 1s
different.  Ultimately, this can lead to relativism where there can be no neutral,

independent means of judging knowledge — implymg for example that the sun used to
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rotate around the earth, until a “paradigm shift” in people’s beliefs caused the earth to

rotate around the sun instead.

There are philosophical problems associated with the various different approaches to
management research. The positivist approach may not be reflexive enough — while
researchers 1n this tradition may evaluate thetr own methodology for bias and influence,
they do not question their own ability to be a neutral observer, failing to consider that
their thinking may be constramned by the community within which they operate Equally
there are problems with very subjective approaches which are unable to compare and
judge research results, since they would tend to paralyse management into inaction —

because no researcher could claim to be “night”.

It 1s possible to find a middle ground by accepting an objectivist ontology and a
subjectivist epistemology, as long as there is some neutral means by which research
findings can be tested (other than accepting the existence of theory neutral language and
a correspondence theory of truth). For pragmatic-cntical realists, truth is not a question
of empirically testing theory against reality, but instead, an assertion may be considered
true 1f 1t actually helps people within their own contexts. (So although knowledge is
socially constructed, 1t 1s bounded by the real world - which will influence what works
and what does not work) The emphasis 15 upon action and dealing with real problems,
with an acceptance of fallibility This school of thought encourages methodological
pluralism, because no individual methodology can be seen as superior or complete, and

using different methodologies will allow different aspects of a situation to be explored

The philosophical position favoured by this researcher 1s that of pragmatic-critical realist,
but with some sympathy for the neo-positivist position. Neo-positivists occupy similar
ontological and epistemological terntory to positivists, but adopt a much more
interpretative approach  This means that they favour qualitative research over
quantitative research, and the inductive generation of theory rather than the deductive
testing of theory (Johnson and Duberley, 2000)® 7. The suggestion is that by accessing
enough oprmion 1t 1s possible for the researcher to apprehend the reality of a situation.
The main difficulty with the neo-positivist position for this researcher is the assumption
that 1t would be possible then to share this knowledge with other researchers 1n a theory-
neutral language, without the account being influenced by the researcher’s own beliefs

and background. Returning to Fig. 3.1 i summary, this researcher finds herself towards
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the objectivist side of the “ontology” axis, but towards the subjectivist side of the

3

remaining axes of “epistemology”, “human nature” and “methodology”

3.2. Research Approach and Top-level Research Aim

Given the philosophical position outlined above, the research approach adopted m this
thesis 1s aimed at gaiming understanding of information flows tn order to engage with
practical situations within manufactuning industry. Although some would argue that a
pragmatist approach demands action research (Gill and Johnson, 1997) (since research
results can only be vahidated if they are found to be helpful in their specific situations),
this researcher believes that developing understanding is a valid precursor to the practical

implementation of 1deas.

The methodology 1s 1deographic rather than nomothetic (see Table 3.1). Rather than
testing a prior: hypotheses which assume that the correct questions have already been
identified, an inductive approach 1s taken whereby the key issues are identified through
research. The methods employed are predominantly (but not exclusively) qualitative
rather than quantitative 1n nature, and include surveys, semi-structured mterviews and

case studies

Table 3.1 A comparison of nomothetic and ideographic methods (Gill and Johnson, 1997)

Nomothetic methods emphasise: Ideographic methods emphasise:

1. Deduction Induction

2, Explanation via analysis of causal Explanation of subjective meaning systems
relationships and explanation by covermng- and explanation by understanding (emic)
laws (etic)

3. Generation and use of quantitative data Generation and use of gualitative data

4. Use of various controls, physical or statistical, | Commitment to research n everyday settings,
so as to allow the testing of hypotheses to allow access to, and minimse reactivity

among the subjects of research

5. Highly structured research methodology to Mimmum structure to ensure 2,3, and 4 (and

ensure replicability of 1,2,3 and 4 as aresult of 1)

The research approach could also be described as grounded theory, which was onginally
proposed by Glaser and Strauss (Glaser and Strauss, 1967) This method emphasises
building theory from empirical data, through a process of coding and categorisation of
concepts. In an 1deal world, all preconcerved notions should be set aside to allow the

data to “speak for 1itself”, through a process of “bracketing”. It 1s however necessary to

cultivate “theoretical sensttivity” (Locke, 2000)" % in order to be able to conceptualise
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the data. This means that the researcher’s background and training, and influences from

the literature and other sources, will shape the emerging theory to a certain extent.

Certain academics have attempted to make qualitative research and grounded theory
more “ngorous” by prescnibing techmques and procedures to be followed (e.g. (Miles
and Huberman, 1994, Strauss and Corbin, 1998)) This seems to be influenced by the

positivist tradition (Denzin and Lincoln, 1998)Ch !

, which 1s not embraced by this
researcher Instead, the focus will be on creating frameworks or conceptual models

which are pragmatically helpful 1n the context of the overall research aim.

The top-level research aim, as stated in Chapter 1, 1s.

#» To 1dentify and evaluate mechanmisms for maintaining and developin

technological capability 1n small manufactunng suppliers

The “social reality” under investigation here 1s one where awareness and knowledge of
potential new technology resides within the individual employees of compames, and 1t 1s
assumed that this knowledge 1s refreshed via information flowing from the outside world
to those employees. The aim is therefore to explore the processes through which such
mmformation flows occur It would be perfectly possible to address the overall research
aim from a different angle, such as investigating the availability and effectiveness of
technical traiming or explonng the funding of capital equipment expenditure The
approach selected however arose from the imitial research and literature review (see

section 2.2 1), which pointed to information flows as an interesting area to study.

It 1s proposed here that 1t 1s possible to gain understanding of such information flows
through people’s descriptions (accessed through interviews), and by considering how
such information flows are framed 1in formal business processes. The role of information
flows 1n maintaining and developing technological capability 1s not an 1dea that 1s widely
discussed 1n the daily operations of business, so the purpose of the research is to find
evidence to build a framework to shed light on this topic It 1s clear that those
interviewed may or may not understand things (or describe them) in the same terms as

the researcher, and a certain amount of interpretation may be necessary. The motivation

and agenda of those interviewed should also be considered, acknowledging the power




relationships that exist within supply chain hierarchies and within the management

structures of individual firms.

This research may benefit the larger, more powerful firms within the supply chain, who
are concerned that they should be able to procure good technology (cheaply) into the
future From this researcher’s perspective, however, 1t also empowers small firms 1f they
are able to offer advanced technology to the market. It may be necessary to challenge
existing social structures and perceptions 1n order for small firms to be more successful

1n enhancing and mamtaimng technological capability

3.3. “Industry-view” Assumptions

Firstly 1t 1s assumed that technological progress 1s ipso facto “a good thing” and therefore
desirable for UK business. The researcher’s own background as an engineer has
certainly onentated her towards perceiving advantages 1n creating better tools and more
elegant solutions for society  Unlike the scientists and engineers of the Industrial
Revolution, however, this researcher does not anticipate that technological progress will
cure all the 1lls of society — technology can always be used equally for good or for bad.
Yet technological progress does play a part in economic growth, and 1t seems very likely
that 1f UK firms fail to mnovate, they will lose business to firms whose technology /as

evolved to meet market needs

A second major assumption 1s that it 1s important for small firms to provide
technologically advanced solutions. This is intertwined with a third assumption — that
the prime contractors will continue to see their role as systems mtegrators and will
increasingly outsource the design and manufacture of sub-systems and sub-assemblies.
The bases for both of these assumptions have already been discussed in Chapter 2 and

are summarised below.

The preference for outsourcing 1s consistent with the emphasis on core competences seen
over the past two decades, and 1s backed up to a certain extent by aerospace industry
statistical data confirming downsizing of large firms and the increase in the number of
small firms (see Appendix I). There is however no guarantee that the trend will not
swing back the other way (see Fig. 3 2a), particularly 1f suppliers are unable to satisfy the

requirements of the systems integrators, but the assumption 1s based on the consensus of
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industrialists interviewed at the time of conducting the research, and on the literature

(e.g. (Bhattacharya et al., 1995; Dana, 2001))

Final product

anjeA pappy

high | V.

>

5

Vertically integrated low

systems integrator

many raw materials and components suppliers

number of suppliers

Figure 3.2a Return to vertical integration

That the systems integrators will continue to outsource to small firms 1s an assumption
based on the current state of affairs in the aerospace and defence industry where a high
proportton of the firms in the value chain fall within the defimtion of SME If existing
suppliers are to provide sub-systems and sub-assemblies that integrate advanced
technologies, 1t means that 1t will be mcumbent upon small firms to create these value-
added solutions which the prime contractors increasingly require (see Fig. 3.2b). It1s of
course possible that the current small suppliers will not be able to adapt to changing
market needs, and that a new supplier base will evolve comprising a small number of
“super-suppliers” which are much larger firms (such as the first tier supplers to the
automotive OEMS (Oakes and Lee, 1996)) More research 1s required to establish which
situation 1s more likely to occur — the main defence of the assumption chosen here 1s that

because aerospace and defence markets are generally low volume markets, 1t seems more

likely that small firms will continue to serve as niche suppliers, while larger firms would




be more nterested 1n the mass consumer markets — unless the value associated with the

niche market 1s very high indeed.
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Figure 3.2b Increased outsourcing to small suppliers

A further assumption or imitation of the research is that the small manufacturing
suppliers under consideration here are probably only those operating in a relatively
stable, mature industry sector. Since the focus 1s on how small firms maintain and
develop their technological capabulity to meet future market needs, the basic premise is
that the market itself has already been established, but technology can be used to gain
competitive advantage by providing superior or cheaper solutions, whether 1n a radically
new way or by mncremental improvements. Markets may of course evolve dramatically —
for example the technological requirements to build the conceptual “Future Offensive Air
System” (FOAS) (MOD, 2002) may differ dramatically from a current fighter jet. There
might however be some ment 1n a small firm considering how 1t mught develop
technologies for FOAS as the market requirements become clearer — whereas for a new
start-up firm trying to establish a completely new market, the technological

considerations form only a part of an extremely complex and undefined problem While

many of the techniques a firm might use to anticipate future technological needs should
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help them to adapt 1n a wildly uncertain environment, the starting point for this research

15 that there should be some sort of industry stability

Duc to the above assumptions, the findings of the research are possibly Iimited to the
aerospace and defence industry 1n the UK. The low production volumes and high value-
added nature of products in the aerospace industry also gives rise to the situation where
design interactions tend to continue into the production cycle.  Where these
charactenstics are found 1n other stable and mature industry sectors, the research findings

may be applicable to the supply network there.

Table 3.2 Summary of research position

Philosophical Position

e Realist ontology
s Subjcctivist epistemology

- Pragmatic-critical reahist

Research Approach

s Inductive, qualitative (grounded theory)

s  Generate understanding of information flows

Assumptions

s  Able to access knowledge through interviews with company
employees

¢ Technological progress 1s desirable for small firms

¢  It1s important for small firms to provide technologically
advanced solutions

e Systems integrators will continue to outsource design and
manufacture of sub-systems and sub-assemblies to suppliers

Limitations of Research Scope

s  Only considering information flows

¢  Only considening mature, stable industries with

- Low volume, high added-value products and processes

3.4. Top-level Research Design and Methodology

As stated earlier, our over-arching research aim is to identify and evaluate some of the
mechamsms for mamtamning and developing technological capability in small
manufacturing supplters  The nature of this research 1s exploratory and inductive, and
therefore the design of the research also follows a pattern of exploration and discovery.
Frameworks are generated and refined in an iterative manner alongside the analysis of
primary and secondary research data, to aid consideration of the 1ssues. The frameworks

62




are conceptual diagrams or “ways of thinking about things” which try to capture an

interpretation of “reality”

Researcher's
past experience
and world view

Generate and

Generate and

revise revise
framework for frameworks for
research understanding
design
>
|_ Scoping study

In-depth
research

Published output

Figure 3.3 Research process

The top-level research design process 1s depicted in Fig 3.3. This shows how
frameworks are created and revised both 1n terms of the research design and in terms of
the understanding of the topic studied. Initially the frameworks arose from the author’s
(and her colleagues’) past expentence and world view, and from early literature searches.
Both of these factors then continue to provide a significant input into framework revision
throughout the course of the research  The scoping study contributes to understanding
enough to shape the framework for the research design, and subsequently the role of the
in-depth research is to contribute sigmficantly to the framework for understanding
(which will then be fed back into the research design to a lesser extent) The process of

writing for publication then further refines the frameworks for understanding




The starting point for the primary research 1s a scoping study of five small manufacturing
compantes m the UK, to find out more about the influences of the nnovation
environment 1 which they operate. The findings from ths study are then used to

identify specific areas for more in-depth research

3.5. Scoping Study Design and Methodology

The positivist research approach 1s to study the literature, and from the literature to
propose hypotheses to be tested by empirical research. The pattern for the scoping study
design below 1s to some extent similar, but the draft framework which emerges from the
literature 15 not intended to be a testable hypothesis — instead 1t represents the
researcher’s embryonic conceptual picture of the innovation environment 1n which her

scoping study sample firms might operate

3.5.1. Draft Framework of Innovation Environment

The purpose of the scoping study was to gain understanding of the influences of the
mnovation environment on small manufacturing companies. The literature review n
Chapter 2 has already provided some analysis of the mmnovation system in which firms
operate, outlining some of the actors within the innovation system, the relative benefits
of regional embeddedness and the “weak ties” of broader commumties, and some of the
problems and benefits of formal collaborative networks. The innovation surveys
descrtbed in section 2.2 1.1 are of particular interest, especially the data concerning how
useful SMEs find various sources of information, since a key assumption for this
research 1s that accessing relevant information 1s a cntical part of developing
technological capability. Whilst the quantitative data published in the innovation surveys
show the relative influence of customers and other sources, they do not explain how this
influence 1s mamfested The scoping study will therefore be based on qualitative

research 1n order to gain more insight.

The nnovation surveys described in section 2.2.1.1 suggest a draft framework of
mnovation influences on SMEs. This 1s shown in Fig. 3.4 which attempts to represent
the 1nnovation environment 1n which UK SMEs find themselves - the mnovation
environment 1s a complex, evolving system and this representation is simply an nitial
perspective focussing on the information flows within the system. Fig. 3.4 uses a

pipeline analogy, so that a thicker line indicates that information can pass easily, and
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conversely a thin or dashed line suggests a poor hnk between the two points. Thus the

thick Iine shown between the SME and customers and suppliers indicates a good lIine of

communication throughout the supply chain The strength of the links may be controlled

by a number of different factors — e.g. the level of awareness amongst SMEs of the

source, or the cost 1in terms of time and money to access the source.

The draft

framework forms the back-drop to the scoping study interviews.
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Figure 3.4 Innovation environment for SMEs

3.5.2. Scoping Study Design and Methodology

The aim of the scoping study was to investigate the influences of the innovation

environment on small manufactuning companies.

The approach taken was to try to

access the views of senior managers within such firms which suggested using interviews

to provide the rich qualitative data needed.




The sample of companies was selected on a pragmatic basis, as firms with which this
researcher’s university department already had some connection This naturally made it
casier to approach the firms and set up interviews with a senior manager in each
company. (The interviewees and companies are summarised in Table 3.3). On
reflection, however, the sample will not be typical of small manufacturing firms, since
mvolvement with universities tends to require an outward-looking attitude and implies a
certain degree of dynamism This 1s likely to place the sample firms towards the upper
end of the spectrum in terms of potential likelithood of successfully developing

technological capability

Secondly, although the research agenda has been presented 1in terms of the particular
concerns of the aerospace and defence sector, only one of the sample firms could be
categorised as a supplier to that sector It 1s possible therefore that the findings from the
scoping study should not be automatically applied to that sector The sample compames
did however fall within the scope outlined in Table 3.2, since they operated within
mature and stable markets, and tended to provide low volume, high added-value products
and processes. This 1s also a scoping study, a first step in generating greater
understanding of how firms can successfully develop technological capability A sample
of firms which 1s taken from a variety of technologically-based manufacturing sectors
should offer perspectives on this subject. In addition, a sample which may be more
technologically innovative than the average manufacturing SME 1s also more likely to

demonstrate good practice 1n our area of interest

Table 3.3 Scoping study companies

Company No. of Type of business Interviewee role(s)
employees
A% 135 Data storage Development and Quality
Manager

w 116 Contro! and monitoring Executive Chairman and another
products Director (both part owners)

X 64 Precision engineenng services | International Projects Director

Y &5 Microelectrome Technical Manager
mierconnection

VA 15 Electronic assembly and General Manager (owner and
system design main product designer)

The data collection for the scoping study was conducted between June and October 1999

via structured interviews, using a questionnaire-style instrument such as the one included

m Appendix IIL.1. The choice of a relatively structured interview format was preferred at
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this stage i the research while the researcher’s skills in interviewing were being
developed. The interviewees did not see the questions in advance, and the mterview
format allowed enough flexibility to allow promising lines of enquiry to be pursued as
they arose Initial questions concerned the background of the company, before
discussing the company’s products and services with a view to gaimng an understanding
of product, process and technology mnovation patterns within the firm The interviewees
were then asked about relationships with customers and suppliers and their influence on
mnovation. Finally the interviewees were asked which sources of information were
useful to them 1n providing 1deas for new products and processes, and specific questions
were asked about the usefulness of external organisations and sources of information and

technology.

The interviews were conducted by two researchers, with this researcher acting as the
main nterviewer while her colleague took notes and provided some supplementary
questions. The duration of each interview was between one and two hours. Each
mterview was written up from the notes recorded agatnst the interview questions, and
through this process and also through research meetings, common themes were drawn
out. Further analysis, alongside consideration of the literature, then allowed the topics

for further in-depth research to be 1dentified.

3.6. Chapter Summary

This chapter explained the top-level research design  First the philosophical stance taken
by the researcher was outlined, and then the overall aim of the research was described 1n
the context of the research philosophy. The mam assumptions and limitations of the
research were also discussed.  The research process was described as an iterative
procedure of developing frameworks (or conceptual models), beginming with a scoping
study to identify topics for in-depth research. The design and methodology for the

scoping study was then described.

The results of the scoping study are presented in Chapter 4, while Chapter 5 returns to
the topic of research design and methodology in setting out the plan for the in-depth

research phase (see Fig. 1 1)




4. Scoping Study Interviews: the innovation environment for small

manufacturing firms

This chapter describes the results of the scoping study, which was conducted in order to
gawn further understanding of the innovation environment of small manufacturers. Semi-
structured interviews were conducted with senior managers n five small firms (see
section 3 5 for details of the research methodology, and Table 3.3 for a summary of the
interviewees and firms) Descriptions of the findings from the five firms are given in
sections 4 1 to 4 5, with common themes drawn out in section 4 6  The results are used

to identify topics for in-depth research in section 4 7

4.1. CompanyV

The first company visited was the largest, with 135 employees and a turnover of £18m,
They were established 13 years ago, after a management buyout from a large, well-
known company. The company has a niche market 1n data storage products, and they

supply mainly to large computer manufactuning companies at present

The interview was carried out with a senior manager with the combined role of

Development Manager and Quality Manager.

Company V makes sigmficant use of market research consultants, to plan future
products Market analysis and industry trends are examined, and users of the product are
asked which features they like and dishke. A new marketing strategy has been

developed to sell to end users rather than OEMs.

R&D 1s seen as a key function, with around 30 employees involved in product
development. At present the company has 3 product lmes, each with several models,
Rather than step changes, the strategy 1s for evolutionary product change, consistent with
existing strengths and capabilities One product 1s an industry standard and is still selling

after 10 years, but future products are not expected to achieve similar lifecycles.

The manager considers internal resources to be more important than external resources 1n

generating new product and process 1deas - from brainstorming sessions to the formation

of cross-functional design and manufacturing teams. External hinks are still evident,
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however, Customer comments are considered useful to the innovation process A
strategic alliance has given the company access to particular technologies and expertise,
they have been involved 1n several European collaborative research projects, and they

have links with umiversities and research organisations The company has filed patents.

The company has won a number of awards, and appears to have a strategic approach to
product development. Products incorporate new technology, and evolve to meet new
legislation and product standards. There appears however to be no plan to move out of
theirr niche market, which could disappear in the fast moving world of information

technology.

4.2. Company W

The second company was the oldest, having been formed 225 years ago to service the
UK coal-miming industry The company, formerly a public limuted company with 500-
600 employees, had dechined with the mining industry until 1t was bought 7 years ago
and diversified into overseas mining, logistics and matenials handling Currently there

are 116 employees, and the turnover 1s £7-£7.25m

The interview was conducted with the Executive Chairman and Director of the company,
both of whom partly own the company. An mterview with a technical manager may

have elicited different responses — the interviewees 1n this case have a market-facing role.,

Company W has a large portfolio of control and monitoring products for the mining,
materials handhing and logistics 1ndustries.  Customers are predommantly large
companies, located world-wide. Maintaining strategic partnerships 1s important to the
company, since many of their products form part of larger systems and will become

increasingly embedded 1n therr customer’s products

Historically their product lifecycle was around 20 years, but now lifecycles are around 3
years and products are planned approximately 2 years ahead. Company W has 14
people employed m product development Decistons to invest in particular products are
influenced by the company’s strong understanding of the marketplace, by the company’s
particular strengths, by therr competitor’s activities and by opportunities that anise from

informal networking The interviewees felt that strategic planning 1s not appropnate for

69




SMEs, and that new product, process or technology implementation 1s dnven by
customer requirements Customers make suggestions about the product, 1ts features, and
the technology within the product — one example is the incorporation of fibre optic

technology for a particular customer.

External links appear to be very strong, with the company co-designing with customers
and supplers, working with a number of umversities and taking part 1n a European
project The interviewees are very involved with the CBI. They see new standards and
legislation as opportumties rather than threats, using their trade association and other
opportunities to influence legislation at the drafting stage The company has filed
patents, and has bought licences to use outside technology as well as licensing out one of

its products.

The company sees 1its future as part of the supply chain in Europe — they will not be able

to compete on their own.

4.3. Company X

Company X has around 64 employees, and a turnover of £43m It is an engineering
service company, providing computer aided design and analysis, rapid prototyping,
precision engineerning services, tool making, model and pattern making, vacuum casting
and rapid injection moulding. The company was established 53 years ago, as a 2-man

precision enginecring company.

The interview was carmed out with the International Projects Director.

Since this company’s products are manufacturing processes, the mnovation 1ssues are
rather different. R&D 1s production orientated, and there are no employees specifically
allocated to this function. Often new technology comes in the form of new machines, so
the biggest challenges are in training personnel in the use of equipment, and in
optimising the process. Customers can influence the decision to use new matenials 1n a
process, or to bring tn new processes — although the high capital investment required for
new equipment means that the company must be convinced that there 1s a real market. In

the rapid prototyping area, however, technology push 1s more influential as newer
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versions of machines are brought out It 15 also necessary for the company to have the

latest software releases 1n order to be able to take customer data

External sources of information are seen as critical in providing deas for new products
and processes, particularly customers and competitor’s customers. Internal and external
resources are employed to gather intelligence from journals, seminars, universities,
competitors and the Internet. The information 1s formulated, condensed and discussed —
Company X consider this to be part of their competitive advantage, and will not reveal
their methods. Internal resources are important 1n the introduction of new processes, and
in the use of new parts or raw materials The Jocal Regional Technology Centre has

proved very useful in providing basic market information.

The company has a strategic research agreement with one UK university, and links with
10 other universities in the UK, Europe and the Far East. It also has a high-level link
with a German research organisation. Commercial partnerships with competitors are
used as a means to find out whether particular technologies are worth investing in. These
partnerships are reviewed quarterly. Company X has a policy of not patenting, in order
to preserve confidentiality It has bought licences to use technology from other
organisations, but does not sell licences following a strategic deciston to avoid becoming

a technical consultancy.

Company X believes that 1t 1s critical for their sector that a trade association 1s
established, to provide a number of benefits mcluding the development of standards, joint

venture opportunities, technological support and benchmarking.

Strategy 1s very mmportant to Company X, and their success has been recognised with

awards from several orgamsations

44. CompanyY

The next company to be visited was the only one which 1s not strictly an SME, since 1t 1s
a subsidiary of a large aerospace company However, the company operates fairly
autonomously, and 1s not dissimlar to an SME 1n culture. Company Y has 85 employees
and a turnover of £3.5-4m. It was established 43 years ago, ongmnally to make

germanium transistors, and later moved into thick film hybnd circuits. Company Y now
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has a sister company with 35 employees, which makes application specific integrated

circuits (ASICs)

The interviewee 1n this case was the Techmecal Manager

Company Y 1s process-orientated, like Company X  Their technology 1s bwlding
interconnections onto the appropnate substrate for the product environment — ceramic,
silicon, flexible circuits or printed circuit boards (PCBs) This involves a vanety of
process technologies Internal R&D 1s performed for process development, and there are
4 scientists/engineers 1n the R&D vnit. However, the company 15 developing products
for customers, and so product engineers will work with customers to develop the

specification, ensuring that the design 1s appropriate to the technology.

The company has developed and patented a new technology to meet perceived markets.
However, those particular markets have not matertalised which has left the company with
“burnt fingers” regarding long term technology development. As a result, the company

takes a more short-term view, and concentrate resources on meeting real requirements,

Regular strategic development meetings are held with senior managers, product and

process engineers Before the meeting, the participants are asked for opinions on where
the future hes, and the 1deas are considered in a round table discussion. Resources are
directed as a result of the strategic meeting, a development plan 1s instigated, and a team
identifies the processes which need to be developed Customers have influenced the
decision to nvest mn new technology, to the extent of funding some of the work 1n

developing the technology.

Company Y has historically relted on 1ts own resources for generating new process 1deas.
They mamntain a database of reports of their R&D work over the past 15 years, which is
searchable by keywords However, the workforce has dropped over recent years, so
external resources will become more critical  In fact, the interviewee expressed his
intention to take a more outward looking approach, believing that his particular technical

background made him too much inclined to rely on internal resources.

The company has been involved 1n a number of European collaborative research projects,

which have proved a useful means of bringing 1n new technology, although 1t required
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too much engineering commitment. It also makes use of external orgamsations such as
research and technology orgamsations and technology groups, partly to access future

technology information A library of engineening publications is held.

Other external links include a trade association, universities, and a partnership with a
computer-arded design (CAD) suppher. Discussions with the sister company have
alerted them to future requirements for interconnect density, an 1ssue which 1s not yet
being raised by customers They are part of a suppher development scheme, which has

supplier chimcs with some technical agenda, another source of information.

Legislation on lead-free solder 1s a major 1ssue which is likely to affect the company.
Whilst suppliers are developing lead-free alternatives, the new solder alloys may be more
suitable for PCB substrates rather than for the specialist substrates that Company Y often

uses, which may force Company Y to seek alternatives to solder altogether.

Company Y 1s having to adjust to a new culture ansing from new ownership, and have
suffered reduced turnover and job cuts in recent years Nevertheless, the change m
ownership 1s opening new markets to them, and despite “burnt fingers”, they are taking a

strategic approach to technology.

4.5, Company Z

The final company 1s very much the smallest, with only 15 employees and a turnover of
approximately £0 75m It was established 11 years ago, as a low volume sub-contract
electronic assembly firm. They also design and manufacture microprocessor-based

systems for traditionally low technology applications such as garage doors

The interview was conducted with the General Manager, who 1s the owner, dnving force

and the main product designer.

Almost a third of the workforce are employed 1n product development. This is almost
entirely for specific customers although Company Z would like to move to a position
where they design, manufacture and sell a standard product of theirr own At present they

rely on sub-contract work from large companies, and on developing custom systems for
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smaller customers, who generally fail to take 1t any further or send the work abroad if the

product 1s successful

Product development 1s planned, but 1s not given high priority since it can only be paid
for by cutting product costs (customers are not willing to pay for ongoing development)
Decisions to mvest mn particular products, processes or technology are purely reliant on
whether there 1s a specific order. Products are chosen on the basis of the technologies

that the company already has — everything is based on microprocessor technology

The most mmportant source of information 1n providing 1deas for new products 1s the
terviewee’s informal network of contacts The workforce 1s gamming expenence, and
the design work 1s now being brought in-house, so internal resources will have more

influence 1n the future The external resources have been cnitical, however,

Company Z has had links with umversities, which have not been particularly successful
SME support organisations have not been able to help the company, because certain
resources are always required, or conditions imposed, 1n order to access the support on

offer The only exception was the local council, who provided a very useful equipment

grant

Other information sources have made little impact on Company Z ~ the interviewee 1s
conscious of burying his head 1n the sand over legislative 1ssues such as electromagnetic

compatibility Personal contacts are relied on for information.

Company Z aims to move from selling a sub-contract assembly process to selling their
own product. Limited resources restrict their possibiliies for a strategic approach to

technology, however

4.6. Discussion and Identification of Common Themes

Two of the compames studied were product-onentated, while another two were process-
onientated (see Table 4 1) The remaming company sold products and processes, but
aimed to move to products alone. Focussing on etther products or processes will

influence the way 1n which a company views timescale and hifecycle issues.




Table 4.1 Summary of scoping study inferviews

Company V Company W Company X Company Y Company Z

Interviewees | Development Executive International Technical General
and Quality Chairman and | Projects Manager Manager
Manager another Director (owner and

Durector (both main product
part owners) designer)

Employees 135 116 64 85 15

(no. in R&D) | (30) (14) 0) (4 5)

Turnover £18m £7m £4 3m £4m £075m

Age 13 years 225 years 53 years 43 years 11 years
[since [formerly
management public himited
buy-out company
(MBO)] (PLC))

Products Niche market Control and Precision Microelectronic | Sub-contract
n data storage | monitoring engineerng mterconnection | electronic
products products for services, rapid | technologies assembly,

minng, prototyping, design and

materals computer manufacture of

handling and aided design IMICToprocessor

logstics and analysis, based systems

industries vacuum for

casting etc traditionally

low tech
applications

Type Product Product Process Process Product/

Process

The interviews confirm that customers have an extremely important role in influencing
new technology within small companies All the companies consider themselves to be
close to their customers (although certain customers were descnbed as using the phrase
“strategic partnership™ as a bartering tool to drive down prices). The influence of the
The focus,

however, 18 very much on immediate requirements rather than on future technology

customer is only to be expected, since winmng the next order 1s vital.

needs

Awareness of future technology needs 1s a vital step in enabling companies to prepare
themselves and to develop appropriate capabilities. Therefore, a company that relies too
much on customers for guidance may find that they have failed to prepare themselves
adequately for the next technological advance, because of the short-term focus on the
next order identified above In the companies studied, there appears to be a need for
what could be termed “technology lookahead” - a process of identifying new

technologies that will meet future market requirements. The process of montoring of
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information about future technology is only recogmsed as a core competence by
Company X, although most of the sample compames use mechanisms that have a role in
technology lookahead The companies were involved in partnerships — commercial
partnerships with competitors, strategic alliances with customers and key supplier
agreements, including one technology partnership with a CAD supplier. Formal and
informal networks are useful sources of information, but university research projects

have not met the expectations of these companies.

The mismatch of timescales contnbutes to difficulties with partnerships between
umverstties and SMEs  The recent CBI survey (CBI, 1999) found that development
times for products, services and internal processes are becoming shorter, with two thirds
of all new products and services being developed 1n under two years. At the same time,
the Iife span of products, services and processes 1s reducing, which 1s consistent with the
views expressed by Companies V and W. European collaborative research projects also
have timescales that are too long for SMEs. Four of the companies have been mvolved
with such projects, and the expenence has discouraged them from future involvement.
Apart from the timescale problems, there were difficulties finding partners, and none of
the projects had resulted in commercial success. Project partners did not necessarly

share all of the associated know-how resulting from the work

Each of the sample companies has received some assistance from a publicly funded
source — such as local government office, Training and Enterprise Council (for Investors
in People), Regional Technology Centre or local council. All of the companies 1n the
sample feel that Business Links may be useful to other SMEs, but the services offered are
not approprnate to a company like themselves. The other forms of government support
have not contributed directly to technology lookahead, but may have helped indirectly by

providing access to grants, training and market information.

All the companies studied have survived n one form or another for more than 10 years.
This suggests an ability to adapt to changing circumstances, and to grasp new

opportunities. An awareness of future technology requirements, and preparation where

possible, can only help them to succeed in the years to come.




4,7. Topics for In-Depth Research

The scoping study raised the issue of “technology lookahead” — the process of
anticipating future technology requirements to meet market needs. There are a number
of steps involved 1n introducing new technology, as outlined by Gregory (Gregory,
1995) first of all the technology must be identified, which means developing an
awareness of all the technologies which are potentrally relevant to the business. The
next step 1s to select the technologies to be adopted or developed by the organisation
(taking the company’s strategy into constderation). Thirdly the technology has to be
acquired and embedded 1n the orgamsation. This process takes time — the technology
may have to be developed internally, or purchased in the form of capital equipment or
licensing, or acquired through partnerships with external orgamsations. This means that
a company cannot normally provide a new technological capability the instant they
recognise the need for it, so preparation 1s essential The sooner a firm 1s aware of the
technologies they may need 1n the future, the more likely 1t is that they will be to offer

those capabilities when they are required.

SMEs use their customers as a key source of information for innovation, but n future
therr customers may tnstead expect technological innovation from them, as they
outsource more design and manufacture. There is a nisk that technology lookahead wall
be thought of as “someone else’s job”, and may not be adequately addressed within the
value chain This means that suppliers might fail to acquire or develop the technologies
necessary to be competitive, which would result in loss of busmess for them, or

disadvantage to the whole value chamn

Technology lookahead 1s 1identified here as an important antecedent to supplier
technological capabiity This may be difficult for small firms who do not have a great
deal of time or resources for developing technology strategies. It 1s also hard for SMEs
to directly access relevant information from the science base (e g. universities) 1n a

suitable form.

There appear to be two mamn approaches whereby technology lookahead in small firms
could be strengthened. The first way would be to capitalise on the strong influence
which large firms have on their suppliers, and use that influence erther as a route for

passing strategic mformation, or to transfer best practice in technology management.
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Further research 1s required to explore how information flows across the
customer/supplier interface, so this will form the first topic for in-depth research in this

thesis

The second way would be to encourage small firms to be less dependent on their
customers for technology lookahead information, by strengthening and developing more
external links with other elements 1n the nnovation system in order to improve their
technology lookahead processes  Further research is needed to understand how
manufactunmng SMEs acquire information from such external sources, and this forms the

second theme for in-depth research here,

4.8, Chapter Summary

This chapter presented the findings of the scoping study, based on interviews with five
small manufacturing firms. After descnibing the individual companies, the results were
compared 1n order to identify common themes. The concept of “technology lookahead”
was 1dentified and two areas for in-depth research were identified: investigating
information flows at the customer/supplier interface, and investigating the information

acquisition processes of small manufacturers.
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5. Refined Research Framework and Research Methodologies

In this chapter, the basic research theme of “technology lookahead” 15 developed, based
on the findings of the scoping study in the previous chapter  In terms of the research
process outhined 1in Fig 3 3, this chapter introduces the “in-depth research” phase,
revising the framework for the research design and beginning the process of generating

frameworks for understanding.

In section 5 1, two distinct routes are 1dentified for exploring technology lookahead. first
to nvestigate the customer/suppher nterface (section 52), and secondly to look at
supplier information acquusition outside the value chain (section 5.3) For each strand, a
draft framework 1s presented and the key research questions are identified Different
research methodologies are selected for the two strands, and these are described in some

detail A summary can be found in section 5 4

5.1. Development of Rescarch Themes

On the basis of the scoping study, the concept of “technology lookahead” (1e. the
process of anticipating the technological future) has been identified. Technology
lookahead relies on understanding market needs and opportunities, and the potential from
new advances 1n technology. Both of these considerations must be properly integrated to
ensure that there 1s a market for future products and services. Technology lookahead 1s
critical because 1t enables firms to develop or acquire approprate skills to enable them to
meet future technological needs (see section 4 7), and therefore it 1s 1n an important

process contributing to technological capability 1n small manufacturing compames.

Design and manufacture 1s being outsourced from large well-resourced companies
working with reasonably long time honzons, to their smaller, leaner suppliers who may
only see as far as the next order A gap may therefore be emerging in technology
lookahead which will affect long-term technological capability in the value chain A

framework for considering this 1ssue 1s outlined below in a number of stages

First of all let us consider that, as we gradually look further into the future, the number of

possibilities will increase, since for example there 1s less uncertainty about the

technological requirements in one year’s time than there 1s about what will be needed 1n
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20 year’s time This 1s represented in Fig 5.1a, where the tnangle depicts the increasing
number of possible options available. The non-linear time axis 1s used to imply that
more effort will be devoted to foreseeable near-term 1ssues than on the uncertam long-

term future
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Figure 5.1a Increasing uncertainty looking into the future
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Figure 5.1b Technology lookahead requires a future view of both markets and technologies

Two such tnangles can be used to represent technology lookahead, with one triangle

indicating the increasing number of technological possibilities, and another triangle
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depicting the increasing array of market opportumties which could become available (see
Fig 5.1b). Technology lookahead requires the ability to look broadly at future (and
current) alternatives, tncluding potentially disruptive technologies that may come from
unexpected sources {(Bower and Chnistensen, 1995; Schoemaker and Mavaddat, 2000,

Kappel, 2001), and to prepare for them
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Figure 5.1c Technology lookahead in vertically integrated Original Equipment Manufacturer

Figs. 5 1c and 5.1d are conceptual diagrams which attempt to capture both the 1dea of
technology lookahead, and the changes in supply chain structure discussed 1n section 3.3,
These conceptual diagrams are framed 1n terms of information flows between elements 1n
the mnovation system (see Fig. 34). The traditional, vertically integrated OEM 1s
represented 1n Fig. 5 1c¢ (corresponding to Fig. 3.2a), while Fig 5.1d shows the potential
industry structure 1f current trends continue (corresponding to Fig. 3.2b). Dashed arrows
are used to represent major communication links between vanous functions within the
firm or supply network, which might be used to share lookahead information between
these separate functions. The solid arrows depict how far ahead each individual function
may be looking for technology lookahead information, either in market or technological

terms
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Figure 5.1d Technology lookahead in supply network with potential “blind spot” in

anticipating technology

The vertically integrated OEM of Fig 5.1c 1s able to devote some resources to lookmg
ahead at future markets and future technologies as well as more near-term 1ssues In Fig.
5.1d, the systems integrators are concentrating their efforts on their systems design
expertise and market knowledge, and continuing to look ahead at market opportunities
Therr strategic suppliers are also looking ahead at the market for their products - but their
technology lookahead may not extend as far into the future, nor will 1t necessanly
mvolve mvestigation of the potential of enabling technologies for the long-term future
(they may not retain experts capable of assessing the impact of such technologres). This
suggestion 15 supported by the evidence from the scoping study which implies that
smaller manufacturing suppliers are much more aware of the need to concentrate on
customer requirements than of the need to focus on technology lookahead. The “blind
spot” indicated 1n Fig. 5.1d suggests that suppliers may be unaware of the technologies
they will need 1n the future, which in tum implies that they will not be able to plan
accordingly nor to begin the (often lengthy) process of acquining or developing these

technologes.

In order to address this 1ssue, the systems integrators could share therr long-term

lookahead information with their strategic suppliers. If, however, their capabilities lie 1n
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systems and market expertise rather than in markets and enabling technologies (as
suggested m Fig. 5.1d), they will not be in a position to help their suppliers with
technology lookahead This suggests that the link between future technology and future

markets may not be made 1n the same way as 1t has previously

The changes 1n manufacturing industry have brought many benefits, and to a certain
extent have actually helped to make rapid technological change possible through the
flextbility inherent in outsourcing rather than having in-house facilities. There 1s
however a concern that the resources for technological innovation may have been
unintentionally restricted Not only have design and manufacture been outsourced, but
so have the associated risks mherent in technology development and the cost-down
pressures from customers. Supphers find themselves in an increasingly competitive
situation (partly resulting from the trend to rationalise the supplier base), leaving them
with few spare resources for long-term speculative developments. It 1s therefore possible
that technological capability in the supply network may not meet the needs of industry in
the future.

The 1ssue of technological capability within the supply base has previously been
identified by Handfield et al , as a result of a worldwide survey on supplier integration
(Handfield et al , 1999)

"We asked the respondents about thewr business unit's efforts to identify, develop, and
mantain a "technologically capable” supply base for competitive advantage By this we
mean suppliers who have the technologies currently needed by the business unit for new
products and who can be expected to have the emerging technologies that the business
unit will need in the future . 95 1% of the respondents said that developing and
mamntarmng a technologically capable supply base 1s critically important to thewr
business umit's competitive success. Only 43 9% of the respondents said that they
currently have a more technologically capable supply base than their competitors The
latter result 1s clearly a cause for concern Clearly, orgamisations have not paid enough
attention to technology trends and may be overlooking a significant element of supplier

performance "

The assumption 1s made here that a firm which is good at technology lookahead will be

more likely to maintain and develop their technological capability to meet market needs.
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There may be reasons why this might not actually be the case ~ for example, a firm could
be well aware of what 1t should do, but might not be able to access the funds or find the
skills to accomplish what 1t sees as necessary. Generally, however, those who
understand how technology can best be used for competitive advantage must find
themselves 1n a better position than those without such strategic awareness. The 1mpact
of technology lookahead upon supplier technological capability will not be measured as

part of the research presented 1n this thesis, but will remain a significant assumption.

The plan therefore 1s to nvestigate the development of technological capability by
considenng technology lookahead. Two distinct routes were suggested by the scoping
study- firstly to look at mnformation flows across the customer/supplier interface (due to
the strong influence of customers on the mmnovation process); and secondly to look at
what small manufacturers might be able to do for themselves by acquiring information

from other elements of the innovation system (see Fig. 5.2).

Technology
lookahead
Customer/supplier Suppher information
interface acquisition
(Value chain) (External)

Figure 5.2 Two routes for research

These two aspects will now be considered separately.

5.2.  Customer/Supplier Interface

5.2.1. Draft Framework for Customer/Supplier Interface

In the literature review of Chapter 2, issues to do with technology capability and the
supply chain were examined This included the changes 1n industry structure brought
about by closer partnerships and greater outsourcing of design and manufacture, and
increased dependence on suppliers for enabling technologies. The challenge for small

firms m continuing to advance their technological capability was noted, and the influence
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of customers on suppher innovation was observed Two major formal routes for large
companies working with their suppliers are through new product development and
supplier development, and so the literature review concentrated particularly on these

topics

A number of possible 1inter-organtsational processes are proposed in the draft framework
of Fig. 5.3. The systems integrators are depicted by the oval shape at the top, with a
distinction made between activittes driven by the Engmeering function, the Supplier
Development function and the Procurement function within the companies. The oval
shape at the bottom represents the strategic suppliers, who are connected to the systems
mtegrators via a number of mnformal and formal processes (represented by black and
clear arrows respectively) Of the six formal processes identified, Engineening-driven
activities involving new product development (towards the left hand side of Fig 5 3)
were examined in the literature described in section 2.2.2.1. The exchange of
technological mformation through this route 1s expected to be project-based, rather than
strategic 1n nature, and may 1nvolve relatively short time-horizons. The time honzon of
NPD 1s much closer to the left of the tnangles shown in Figs. 5 Ic and 5 1d, but the
author 18 concerned with the potential gap 1n long-term technology lookahead (towards

the nght of the technology triangle in Fig 5.1d) which may leave suppliers unprepared.

Procurement-driven activities 1n order processing are at the opposite end of the spectrum
from NPD 1n Fig 5 3 (towards the nght hand s:de of the diagram). These are not likely
to influence suppliers in their development or adoption of new technologtes. This
research concentrates instead on supplier development as potentially the most significant
formal influence on supplier technological capability.  The two major aerospace
companies collaborating 1n this research both have supplier development programmes
that could be described as strategic rather than reactive according to the classtfication
used by Krause et al (Krause et al., 1998), and these programmes form the main subject

of this part of the research

In Fig 53, suppher development 1s linked to both the procurement and engineenng
functions. The hiterature makes 1t clear that supplier development is an activity which
involves many different departments in cross-functional teams, and indeed that the cross-
functional nature 1s a critical success factor for suppher development (Krause and
Handfield, 1999) Whether the different functions are truly imntegrated imn their
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expectations of (and commitment to) supplier development has not been thoroughly
examned 1n the literature. For sumplicity, this research considers suppher links with the
customer's procurement and engmeering functions only, without attempting to analyse

links with functions such as quality assurance, finance or marketing.
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Figure 5.3 Inter-organisational processes between systems integrators and their suppliers

Of the supplier development driven activities described 1n Fig 5.3, improvements 1n

quality, cost and delivery performance have been relatively well explored in the
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literature, and do not influence technological capability greatly The remaining processes
that are postulated in Fig 53 have received rather less attention in the hiterature The
transfer of management best practice through supplier development 1s treated by Bessant
et al. in their study of supply chain learning (Bessant et al , 1999), and the development
of supplers' change management skills 1s also relevant (Hartley and Jones, 1997)
Hartley and Choi (Hartley and Choi, 1996) and Scannell et al. (Scannell et al, 2000)
relate supplier development to innovation in manufacturing processes, which 1s one
element of the transfer of technology best practice. The deployment of engineers to
supplier premises described more widely 1n the literature (e.g. (Hartley and Choi, 1996;
Krause, 1997)) may be another route for technology best practice The transfer of
technology lookahead information through supplier development has not been discussed
in the literature, although Krause and Handfield (Krause and Handfield, 1999) do relate
supplier development to long-term technological capability through the alignment of
technology roadmaps. There 15 still a need to gain greater understanding of the role of
suppher development in developing long-term supplier capability 1n both technological

mnovation and planning for future technology requirements.

5.2.2. Customer/Supplier Interface — Research Questions
The aim of this part of the research can be expressed as follows.
» To explore whether supplier development 1s enhancing the technological capability of

small companies 1n the UK aerospace supply base

Table 5.1 Research questions for customer/supplier interface

A | To what degree do the supplier development programmes studied directly address
technological 1ssues?

B | What factors enable or mhibit the process of technology lookahead 1n the context of supplier
development?

In order to explore this issue, two research questions are considered, and are summansed
mn Table 51 The first question 1s to what degree supplier development programmes
actually address technological 1ssues? From the literature, it appears that supplier
development programmes frequently amm to tackle technological issues, but often in

reality a relatively low prionty is given to technology (Watts and Hahn, 1993; Krause

and Handfield, 1999) (companies sometimes see 1t as something to be considered 1n the

future (Krause and Handfield, 1999)).




Secondly, what are the factors that are enabling and inhibiting the process of technology
lookahead 1n the context of supplier development? One factor might be commumcation,
for example. The literature points to the role of inter-organisational communication as an
enabler to effective supplier development (e g. (Krause, 1999)), and the importance of
informal communication 1n 1nnovation (Macdonald, 1998) and supplier improvement
(Grunipero, 1990) Some of the possible communication processes outlined in Fig. 5.3
will be explored 1in more detail, particularly looking for any evidence of the transfer of
technology best practice and the transfer of technology lookahead information. The

ivolvement of Engineening n supplier development will also be explored.

5.2.3. Customer/Supplier Interface — Research Methodology

A case study methodology was selected as the most appropriate route to explonng the
complex 1ssues set out in Table 5.1.  Yin (Yin, 1994)°"" distinguishes between case
studies as an exploratory research strategy, and descriptive and explanatory case studies.
According to Yin, exploratory case studies do not require that research propositions be
formulated beforehand, although the researcher should be clear as to what 1s to be
explored, the purpose of the exploration and cniterta by which the exploration should be
judged successful (Yin, 1994)“"2, Eisenhardt however suggests that for building theory
from case studies, 1t is helpful to begin the study having identified a research problem
and potentially important constructs, although these should only be considered to be
tentative (Eisenhardt, 1989). The presentation style in this chapter favours Eisenhardt’s
approach, since research questions and “‘possible factors” have already been presented 1n
section 5.2.2 above The questions were however refined during the case study research,
and the “possible factors™ emerged during the research rather than beforehand. In terms
of Yin’s “cntena for success” (Y, 1994)"2, having some imitral research questions

provided some indication of whether the objectives of the case study were met.

The case studies chosen were the supplier development programmes of two large
aerospace and defence compantes operating 1n the UK (see Appendix II for the location
of these companies within the industry structure) The case study design could be
descnibed as a multiple-case, embedded design (Yin, 1994)?. This means that there
was more than one case study, and within each case study there was more than one unit
of analysis (the large company and a number of its suppliers) There are different views
about the benefits of conducting more than one case study — Stake suggests that the

process of comparison between cases competes with, and detracts from, the activity of
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learning from an individual case (Stake, 1998). Eisenhardt in contrast suggests that
trying to reconcile evidence across cases increases “the hikelihood of creative reframing
mto a new theoretical wiston” (Eisenhardt, 1989) Yin focuses on the benefits of
replicating studies 1n increasing the potential for generalising theory beyond the context
of the individual case study (Yin, 1994)" 2. The approach suggested by Y1n 1s to use the
results of the first case study to formulate theory to be tested in a second case — but this 1s
not the approach taken here. Instead the choice of two case studies 1s intended pnmanly
to “deepen understanding and explanation” (Miles and Huberman, 19947 and
facilitate learming from the differences between the cases. There may also be some
benefits for external validity m studying more than one case (the focus being on
analytical generalisation rtather than population generalisation 1.e. generalising to a

testable theory rather than to all other cases {Y1in, 1994)"2,

5231  Sample Selection

The studies were conducted with the companies whose concern about technological
capability 1n their supply base had mmtiated the research The selection of these two
companies (essentially theoretical sampling (Eisenhardt, 1989) or purposeful sampling
(Patton, 1990)°"%) was intended to maximise the likelihood of obtaining useful results
(Stake, 1998) (Patton, 1990)<"%, since both companies engage 1n supplier development
and have products whose competitiveness fundamentally depends on technology These
companies 1dentified small suppliers with strategic importance for them, and these
supplters were also studied. (As suppliers to the aerospace and defence industries, these

companies fitted within the limits of the scope outlined in Table 3 2)

This research examines supplier development from the supplier’s perspective as well as
constdering the buyer’s view The SD literature 1s dominated by the buyer’s perspective,
so this research complies with calls to redress the balance (e g (Krause, 1997; Krause et
al., 2000)) Since the supplier sample was chosen by customer representatives, the
sample 1s not unbiased The author however believes that suppliers were nomnated
where supplier development was perceived to be working well, and the results may
therefore over-emphasise the effectiveness of suppher development 1n enhancing supplier
technological capability This 1s acceptable mnsofar as it increases the likelihood of

highlighting the processes of interest to the research

89




5232  Data Collection

The primary research method used was semi-structured interviews, following initial
research to identify interviewees most likely to have knowledge and experience of SD
and customer-supplier interaction. A total of twelve interviews were carried out between
December 1999 and July 2000, although the data analysis process led the author to focus
on ten of those interviews for the purposes of this research (the other two interviews
concerned other suppher development programmes outside the scope of the cases
selected here) Questions were prepared prior to the interview, which were not seen 1n
advance by the interviewee — the general form of the interview instrument 1s attached 1n
Appendix III. The questions were tailored to the mterviewee so the questions were
shghtly different for the systems integrators and the suppliers (see Appendix II.2 and
[T 3). Both sets of questions probed the same 1ssues, however — perceptions of the SD
scheme, operation of elements of the scheme relating to technology, customer
expectations of suppliers 1 terms of design, nnovation and new technology,
commumication between customer engineers/technologists and suppliers, and
communication of strategic technological information. Confidentiality was emphasised
to encourage suppliers to feel able to freely comment about dealings with their

customers

The interview format allowed promising lines of enquiry to be pursued as they arose,
allowing the interviews to last as long as new data were forthcoming This generally
took between 1 5 hours and half a day. All the interviews were conducted by two
researchers, with the author acting as the main mterviewer and the other researcher
taking notes and providing some supplementary questions (the method of using multiple
investigators was highlighted by Eisenhardt for bmlding confidence in the findings and
increasing the likelihood of surpnismng findings (Eisenhardt, 1989)). Interviews were
recorded and transcribed where possible, but this was only permitted by the suppliers due
to security 1ssues 1n the large defence companies. Where recording was not possible,

each researcher wrote up the interview independently from her own field notes.

The first case company 1s Aero-Electronic Systems. A semi-structured interview was
conducted with the senior manager 1n charge of developing and implementing their "Top
Supplier" programme.  Two supplier interviews were conducted, each with the semor
manager responsible for the Aero-Electronic Systems account, since they were charged

with coordinating the supplier development activities For the second case company,
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Aero-JV (UK), a prelminary interview was conducted with a semor supplier
development manager, and then three interviews were conducted with other sentor
managers. a sentor procurement manager with overall responsibility for their "Improving
Together" scheme; a supplier development manager involved in implementing the
programme; and a senior engineering manager Interviews were conducted with two
further suppliers: with the Managing Director of one company and two semor account
managers 1n the other. A summary of the imterviews 1s shown in Fig 5.4. The names of
companies and their SD programmes have been disguised 1n all cases, but the general
posttion of the companies within the UK aerospace and defence industry is indicated in

Appendix II

Additional sources of evidence were obtained for both case studies. This follows the
principle of data triangulation (Yin, 1994)°° **** (Miles and Huberman, 1994)° ¢, which
increases confidence in construct validity — that the concepts being studied are 1n fact
those being “measured”. For the first case study the additional data were 1n the form of
presentation material used to explain the SD scheme to suppliers (including brochures
and a detailed PowerPoint presentation) For the second case study, the researchers were
able to view the bespoke software package and database where supplier performance
assessments were rccorded  Presentation material (in the form of a PowerPoint
presentation) was also obtained — 1n this case, the target audience was an aerospace
industry forum rather than supphers. These sources revealed something of the “corporate
vision” for these SD programmes, and were analysed alongside the interview data The
author was also able to observe some of the day-to-day operations of the sample
companies (since all the interviews took place on the company premises of the

interviewee), which augmented the background information about the firms involved 1n

the study.
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5233  Data Analysis

An inductive coding techmque (Miles and Huberman, 1994)° 8

(Strauss and Corbin,
1998) was used to analyse the data from the interviews and other sources, to ensure that
findings were empinically grounded The conceptual framework shown in Fig. 5 3 began
to emerge from the categonsation of these codes (Strauss and Corbin, 1998) during the
data collection phase of the first case study. Clustening the data in this way included
comparing transcripts and the interview notes of both researchers (and the additional data
sources), which revealed any conflicting perceptions or gaps in the data. These 1ssues
were resolved through discussion between the researchers, and through e-mail discourse
with the interviewees The second case study followed a similar process to the first
Data collection and coding for the second study took place in the light of the themes
emerging from the first study, and therefore a provisional list of data codes already
existed at this stage. The codes continued to be revised throughout the second case
study, however, and included revisiting the carly data (Miles and Huberman, 1994) ") to
ensure consistency.  The framework shown n Fig. 5.3 was refined as a result of the
second case study, and data reduction and display was performed on the basis of the

concepts (Miles and Huberman, 1994)" '?7 i that framework, allowing comparisons and

conclusions to be drawn

5234 Vahdity, Reliability and Generalisability

In assessing the quality of research, the cnitenta of validity (construct validity and mternal
validity), generalisability (or external validity) and reliatility are often used (Easterby-
Smith et al.,, 1991)° *! (Y, 1994)"2, although these measures are really associated with
the positivist traditton rather than more subjectivist approaches (see Chapter 3).
Construct validity and external validity have already been considered 1n this section For
Yin (Yin, 1994)"2, internal validity 1s of less concern for exploratory case studies since
1t addresses how well causal relationships are established — although 1t 1s important more
generally 1n the process of drawing inferences from case studies. The data analysis
process descrnibed above was aimed at ensuring findings were empirically grounded, and
this should provide some confidence 1n the internal validity of inferences drawn, as long
as any rival explanations are also considered. The cntenion of reliability requires that
another researcher would make similar observations if the research was repeated.
Documenting the interview protocols and the research design here should help to allow

this.  From this researcher’s subjectivist perspective, however, 1t seems unlikely that
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another researcher would bring the same background and world-view to the study, and

therefore 1t would be unlikely that exactly the same results would be found again.

5.3. Supplier Information Acquisition

Attention 1s now given to the research design for the second research theme outlined 1n
Fig 52

5.3.1. Draft Framework for Supplier Information Acquisition

Some attention has already been given in this work to the mmnovatton environment for
SMEs — firstly in the literature review of Chapter 2, and then also in Chapters 3 and 4.
Informatton acquisition by small manufacturers (the “suppliers” in the customer/suppher
relationship discussed in section 5.2) 1s one of the ways in which these firms can draw
upon the various elements 1n the innovation environment to gain a perspective of future
technological and market needs. Companies need to be aware of thewr need for

information before they can successfully acquire information for technology lookahead

Informaton sources
{Atinbutes of sources)

A

Information

barriers

Informaton needs
(Attrnbutes of needs)

Figure 5.5a Metaphor for SME information acquisition

Fig. 5.5a depicts the perceived information needs of SMEs as a hungry cow. There are a

number of sources which the firm can turn to access information or selutions to fulfil
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their need, and these are represented by the clumps of clover in the field The
information acquisition processes are important — 1f there are any barriers which prevent
the small firm accessing the sources of information, informatton acquisition will be less
successful Conversely, there may be other factors which help to enable these processes.
The bamers are represented by a fence in Fig 5 5a, while the open gate represents the
enablers that can help the transfer of information from the source to the point of need.
The same elements are represented 1n the draft framework of Fig. 5.5b, and are related to

the literature below.

i

Attnbutes Altnbutes

s N A
Enablers
‘1/ Information sources

Information needs

|
452‘59 }
siallieg

Figure 3.5b Draft framework for SME information acquisition

The nature of the perceived information needs of small firms 1s not specifically revealed
in the hiterature, apart from evidence that SMEs tend to be concerned with short-term
1ssues (Turok and Raco, 2000) and their perceived needs may not relate to their true
long-term needs (Autio and Klofsten, 1998). The sources of information used by small
firms have been the subject of a sigmificant amount of research, as discussed in Chapters
2 and 3. For example, the influence of supply chain sources has already been 1dentified
The comparative utilisation of the different sources reveals something about how well
aligned the sources are to the perceived needs of SMEs Sources which are personal or
casily accessible are preferred by small firms, including sectorally-based and local
sources, and those which are part of the “daily environment™ (Vos et al., 1998; Fuellhart,
1999, North et al , 1997; Bryson and Damels, 1998).

Some of these attributes may act as enablers to encourage small firms to acquire

information Situations of perceived opportunity and percetved threat may also motivate
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small firms to seek external information (Lang et al., 1997). In terms of the bammers to
information represented 1n Figs. 5.5a and 5.5b, lack of awareness of sources, lack of
relevance of sources and lack of resources within small firm are identified in the
Iiterature (Hall et al, 1999}, as well as the wide distribution and poor signposting of
sources (Vos et al , 1998)

5.3.2. Supplier Information Acquisition — Research Questions
The aim of this part of the research can be expressed as follows:
» To evaluate small firm information acquisition processes for enhancing their own

technological innovation and technology strategy development

Table 5.2 Research questions for supplier information acquisition

C | How do the small firms studied perceive therr own information needs and the potential sources
of information available to them?

D | What factors enable or inhibit the process of technology lookahead in the context of supplier
information acquisition?

As before, this 1ssue 15 explored by considenng two research questions which are laid out
in Table 52 The first of these 1s concerned with how small firms perceive their own
information needs - and the potential sources of information available to them The
extant literature tends to look at the broader support needs of SMEs rather than
information needs 1n particular (Autio and Klofsten, 1998; Turok and Raco, 2000, North
et al, 2001). Support organisations are generally more concerned with identifying the
real needs rather than perceived needs of SMEs. The perception of those needs
(including when and why information s sought) 1s however an important driver for small

firm information acquisition and will be considered here

In terms of how small firms perceive potential sources of information, the literature
indicates that certain attributes may be important. For instance, preferred sources may be
those that could be described as “personal” or easily accessible (Fuellhart, 1999)
Supply chain sources fit this requirement, but for this part of the research our focus is in
sources outside the supply chain Personal networks also fit the requurement, and have
been 1dentified as an important route for accessing technological information n a
condensed and personalised form (Julien, 1995). Preference for easily accessible sources
may favour local sources {Bryson and Daniels, 1998), or sectorally based sources such as
trade associations (North et al , 1997), and the potential importance of such sources will

be explored further.
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The second question will consider the factors which enable or inhibit information
acquusition relating to technology lookahead This will include some of the barriers
faced by small firms m acquinng the information they need (and conversely what helps
them 1n this process). Potential barrters may be lack of awareness of sources, sources
being too widely distributed, lack of in-house resources, and lack of management
information systems (Vos et al., 1998; Hall et al , 1999, Lang et al., 1997). One potential
enabler 1s that information-gathering and decision-making activities are concentrated 1n a
few individuals 1n SMEs (Lang et al,, 1997) The importance of such factors to

technology lookahead will be considered

5.3.3. Supplier Information Acquisition — Research Methodology

For the first research theme, a case study methodology was chosen as appropriate to the
exploratory nature of the research While the second research theme is also exploratory
1n nature, a case study methodology was not suitable, because the topic 1s broader and 1t
1s difficult to delineate individual “cases” (Yin, 199", A multi-method approach
was taken 1nstead (this is another version of tnangulation which can be used to enhance
the validity of results (Gill and Johnson, 1997)°P 200'202). The two methods used were
surveys and semi-structured interviews, since the author believes that both these methods
provide access to the way information acquisition 1s perceived by company employees
(the aim was to gain understanding of their subjective pomt of view). The surveys were
primanly used to 1dentify compames which would be willing to participate in follow-up

mterviews, but did provide some helpful data

The research 1nto supplier information acquisition was conducted in two phases, which
addressed the research questtons in Table 5.2 1n shightly different ways. The initial phase
set out to look at what information small firms thought they needed to support
innovation, the sources they used and the bammers they encountered in finding that
information. Meanwhile the second phase concentrated more on the way mn which
information was sought and used in different circumstances The data collection for the
first phase was conducted between May and August 2001 while the second phase data
collection took place between November 2001 and Apnil 2002

533.1.  Sample Selection
The types of firm considered to be of interest to this study were those m the

manufacturing sector, and probably of a more traditional nature. (In Chapter 3, the scope
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of the research problem was limited to mature, stable industries with low volume, high
added-value products A shghtly broader scope 1s used here for data collection, since the
processes of information acqusition are not restricted to aerospace-type suppliers.) The
sample populations for each phase of the study are summarised in Table 5.3 - the imitial
phase looked at manufacturing firms with fewer than 250 employees, based in the East
and West Midlands, while the second phase studied members of a UK manufactuning
research and technology organisation (RTO) - a much broader range of organisations 1n
terms of geographical location and size  Apart from location and size, the sample
populations were expected to share certain characteristics, because the RTO membership
has been historically based on traditional manufactunng firms, not unlke the typical
manufacturers of the Mtidlands region It was hoped that one distinction between the
sample populations would provide richer data: the firms in the second phase were paying
for information services from the RTO. This implied that these companies recognised
the mmportance of mnformation acqusition - although 1t cannot be assumed that the
opposite was true of the first group Another potential contrast of mterest to the author
was between the information approaches of large and small firms within the second

phase sample population

Table 5.3 Data collection methods

No. of responses No. of responses
from organisations | from organisations
Method Sample Focus with <2 §0 with >2 gﬂ
employees employees
Information for 22
Postal survey 400 UK Midlands N/A
mnovation —
manufacturing sources and
Follow-up SMEs
interviews barriers 6 N/A
Postal/telephone
survey Membership base Information 66 73
of UK RTO sources and use
Follow-up (approx 300 firms) 5 7
interviews

For the first phase postal survey, firms were selected from the OneSource database (an
mformation source based on Dun & Bradstreet data) using the following crniteria: a
pnimary UK Standard Industnal Classification [SIC] (92) classification code between
28.110 and 35500 (covering most engineering activities); location in East or West
Midlands; sales of between £150k and £15,000k; between 3 and 250 employees (to cut
out the large number of micro-firms with only one or two employees), and a contact

name for the managing director (MD). The number of firms was then reduced to 400

98




using two strategies: firstly, where a managing director was MD of more than one firm,
only one firm was selected (using subjective judgement as to which company might be
the primary company of interest), and any additional compames were eliminated
Secondly, the companies were grouped by their SIC (92) classification codes, and
compames were “thinned out” 1n the most heavily represented sectors (such as 28.520 —
general mechantcal engineering). Thus stratified sampling means that the sample was not
statistically random and representative of all manufacturing firms in the Midlands region,
but equally was not dominated by particular manufacturing sectors (Gill and Johnson,

1997)P 11,

The sample population for the second phase survey was the membership base of the
RTO, with around 300 firms Three different groups of contacts were approached —
membership contacts (those with overall responsibility for the account with the RTO),
group contacts (those with responsibility for the account with the RTO in other parts of a
group of compames), and user contacts (those who simply used the service from the
RTO). Two-hundred postal surveys were sent to a random selection of user contacts
(having restricted 1t so that only one user survey would be sent to any firm), and 100
postal surveys were sent to a random selection of group contacts The membership
contacts were surveyed by telephone: firstly the top 50 companies in whom the RTO
wished promote the use of their service, and subsequently the remaining firms were
surveyed i alphabetical order in a time-limited period. When this period ended,
attempts had been made to contact two-thirds of the membership contacts (around 200

firms)

5332  Survey Strategy

The questionnaire survey instruments are shown i Appendix I11.4 and III 5 - the Phase 1
survey was deliberately kept brief, and included two open questions about information
needs and barners, as well as tick-box questions about information sources and the
business areas most likely to require external information. The Phase 2 survey was much
longer and more 1n-depth, and the questions were of a more closed nature, to suit the
requirements of the RTO collaborating in the research (although closed questions can
prevent respondents from answering 1n their own way and may therefore limit or distort
their responses (Gill and Johnson, 1997)"''%).  The survey combined the interests of this
research with market research for the RTO, and so only questions 4, 7, 13 and 18 were

analysed with respect to the research questions outlined in the previous section.
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Questions 13 and 18 were used to assess attrtudes towards electrontc communication of
mformation, while question 4 was a smmple checklist of information sources used
Question 7 used a Likert-type scale to gauge the importance of different factors in
motivating respondents to seek external information (these possible factors had been

1dentified through discussions with colleagues in the RTO).

There was a fairly low response rate to the Phase 1 survey, with only 22 completed
questionnaires returned by the 400 companies targeted. It 1s possible that the topic of
“information for innovation” was not seen as relevant to many of the firms surveyed, and
the responses may be biased towards companies with an outward-looking attitude (who
may be more meclined to use external information sources). The open nature of the first
few questions could also have discouraged respondents who were not willing to put
much thought 1nto therr answers A higher response rate might have been achieved by
advance notification to persuade respondents of the usefulness of the survey, by
following up non-respondents by mail or telephone, or by providing incentives to
respond (O'Neill and Dale, 2001) (G1ll and Johnson, 1997)° ', This was not attempted
because the main purpose of the survey was actually achieved — 1n 1dentifying a suitable
number of firms for interview out of the 13 firms which indicated they would be willing
to help further.  The survey responses were used 1n a gualitative, exploratory way to
identify factors relevant to the research questions, although the low response rate meant
that it would not be appropnate to make statistical generalisations about manufactuning

firms m the Midlands based on the quantitative survey data,

In Phase 2, there was a much greater level of response with the telephone surveys
achieving the highest success rate The response rate for the postal survey was
approximately 10% (29 responses), but the telephone survey gathered 110 responses
The closed nature of the questions may have helped with the response rate, and there was
also much greater ownership of the survey process from the participants since 1t was n
their interests to help improve the service they were recetving. The survey responses
could be generalised with a reasonable degree of confidence to the entire RTO
membership base (although there were some differences between the responses of the
more senior “membership contacts” and the more junior “user contacts” which could be
explored given more data from the second group) Generalising beyond that would be
difficult without a proper analysis of the charactenistics of the RTO membership

compared with manufacturing firms in general The main purpose of the survey was
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however not to generalise the results, but to 1dentify companies to be interviewed, and

this was achieved.

5333  Interview Strategy

The semm-structured interviews in both Phase 1 and Phase 2 of the research were
conducted 1n a similar way to the interviews that formed part of the case study research
mto the supplier development programmes  Questions were prepared before the
mterviews, but were not shown to the interviewees. The general form of the interview
instrument for each phase 1s shown in Appendix III6 and III 7. The main 1ssues
explored 1n Phase 1 were: the firm’s attitude to new technology and their information
acquisition processes 1n that context, their understanding of their information needs 1n the
context of therr markets; information use; barrers to acquinng information; and therr
“1deal” information service In Phase 2, the 1ssues explored were: the firm’s greatest
information needs, and barriers to getting that information; use and motivation for using
the RTO mformation service, information acquisition processes in different situations,

how information was valued, and changes 1n how information was sought and used

The interviews were conducted with senior managers within the firms, and the duration
of the interviews was typically between 1 and 3 hours Nineteen nterviews were
conducted 1 total, of which 18 are considered here (an interview with a umversity
commercialisation unit provided an interesting contrast but does not fit withm the scope
of the research presented here). The majonty of the interviews were conducted by the
author alone (due to resource limitations which unfortunately restricted gamming the
benefits of “investigator triangulation™ discussed in section 5.2.3), although she was
supported by another researcher for the wisits to Companies B, D and P, and by a
representative of the RTO 1n visiting Compames L, N, O and T. (Information about the
companies and the individuals interviewed 1s given in Tables 5.4 and 5.5). The

mterviews were recorded and transcribed 1n the majonty of cases, although thus was not

possible for Compantes C and Q.




Table 5.4 Organisations interviewed in Phase 1

Company No, of Part of Type of business Interviewee role(s)
employees large
in business | group?
unit
A 10-49 N Filter cartridges Sales Director
B 10-49 N Project management, Darector
contracting and mstallation
(rail}
C 50-99 N Nawvigation and location Managing Director
systems
50-99 N Commercial refrigeration Managing Director
E 50-9% Y Automotive components Human Resources (HR)
manager/ Personal Assistant
(PA) to directors
F 100-149 Y Laser design and PA to MD/HR manager
manufacture

Table 5.5 Organisations interviewed in Phase 2

Company No. of Partof | Type of business Interviewee role(s)
employees in | large
business unit | group?

G 10-49 Y Project management, Manager of Technical
contracting and Division and Bustness
mstallation (marnne) Development Manager

H 150-199 N Central heating pumps Manufacturing Director and

Production Engineering
Manager

I 150-199 Y Fire protection systems Engineering Manager

J 150-199 Y Security equipment and Section Head of Product
systems Design

K 150-199 Y Lawnmowers Techmical Director and

Operations Director
L 250-499 Y Optical components Engineenng Team Leader
M 250-499 Y Games and toys Senior Product Design
Engineer
N 500-999 Y Drmnks dispensers Group Research Manager
O 1000-2000 N Pharmaceutical devices Technical Director
P 1000-2000 N Metrology Techmcal Librarian
Q 1000-2000 Y Defence Production Engineering
Manager

R >2000 Y Automotive systems Competitive Analysis
Specialist and Market
Analyst




5334  Data Analysis

The survey data was collated and analysed using a simple Excel spreadsheet to prepare
graphical charts and categorise the qualitative data. The interview data was analysed
with the aid of the QSR NUD*IST software package. This allowed the interview
transcripts and notes to be inductively coded 1in much the same way as was descnbed 1n
section 5.2.3, but the software facilitated the retrieval and comparison of data from across
the 18 interviews, and the revision of the coding scheme throughout the data analysis
process. The framework shown in Fig 5 5b emerged out of the process of drawing the

codes together into categories

5335  Valdity, Reliability and Generalisability

To conclude this section, 1t 1s appropnate to return to the 1ssues of validity, reliability and
generalisabihty which were discussed at the end of section 5.2.3. The differences
research methodology for this second research theme mean that the earlier arguments are
not entirely applicable, although they should still hold true for the internal validity and
reliability of the research. There can be some confidence 1n construct validity where the
survey data overlaps with the interview data (implying that the same understanding has
been accessed) The number of different interviews will also have helped improve
construct validity, by combming the vanous perspectives of the interviewees. The
external validity or generalisability of the survey results have already been discussed
earlier 1n this section Since the sample of firms interviewed 1s a mited subset of the
firms surveyed, the interview findings are (at best) equally limited in their external
validity. The firms in the Phase 1 study are likely to be more open to their external
environment than other manufacturing SMEs in the Midlands (since they responded to
the survey), and the firms 1n the Phase 2 study are likely to be those RTO members who
feel that an information service 1s more important to them (for the same reasons). While
these firms may not represent the majonity of manufacturing firms, however, 1t 1s hoped
that they highlight the 1ssues which would be faced by companies trying to improve their

information acquisition processes for technology lookahead.
5.4. Chapter Summary
In the first section, the need for technology lookahead was discussed, based on the

findings from the scoping study. It was proposed that the research should follow two

strands* firstly to focus on the customer/supplier interface and the influences on
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technology lookahead to be found there; and secondly to look at the broader information

acquisition processes of small firms and how they relate to technology lookahead.

For the first research theme, a draft framework was introduced, and two research
questions were formulated focussing on technological emphases 1n supplier development
The chotce of a case study methodology was outlined, and details were given of sample
selection, data collection and analysis. The results from the case studies are presented 1n
Chapter 6

A similar process was followed for the second research theme, with the presentation of a
draft framework and two research questions — this time focussing on supplier information

acquisition perceptions and processes The survey and mterview methods were described

in detail. Chapter 7 will describe the results of this part of the research.




6. Case Studies: role of customer-led supplier development

programmes in influencing small firm technological capability

This chapter 1s the first of two chapters presenting the results of the in-depth research
(the next chapter focuses on the suppler information acquisttion study) Two in-depth
case studies are presented tn sections 6 1 and 6 2 (see section 5 2 for the research design
and methodology, and a summary of the companies interviewed can be found in Fig
54) In section 6 3 the findings from the case studies are analysed with respect to the
research questions outlined in Table 51 The methodology is reviewed in section 6 4

before conclusions are drawn in section 6 5.

6.1.  Aero-Electronic Systems "Top Supplier"

6.1.1, Customer View of "Top Supplier":

The "Top Supplier” programme from Aero-Electronic Systems (AES) has evolved from a
programme called "Trust and Opportunity”, which was used within a single business
umt. The challenge for the "Top Supplier" programme was to co-ordinate SD practices
across 28 separate companies within AES, and when the research interviews were

conducted the programme had existed mn that new form for less than a year

According to the presentation matenial provided by AES, the overall supply-chain
management plan within AES tackles cost in three different ways: product, process and
profitability. The "Top Supplier”" programme 1s seen as addressing process 1ssues. From
both the interview data and presentation material, one of the main drivers belund the
"Top Supplier" programme is reducing the total cost of acquisition. This means
elimmation of waste, and utilisation of cost saving processes such as electronic data
interchange (EDI), bar coding, and ship-to-stock. Achieving such changes within the
supply base requires commutment from suppliers which can only be achieved by
developing long-term relationships and mutual trust. There 1s also now willingness by
AES to recognise that many supplier problems originate with the supplier being given
madequate data or poorly documented specification changes (this was raised by the

interviewee and acknowledged 1n the presentation matenal in terms of commitments to

provide better information to suppliers)




The supplier development route 1s as follows: a development team 1s brought together
from across the different sites, with the development representatives chosen from the
sites with the biggest spend in that product area The team will be trained, then sent to
the supplier for up to a week where they assess the supplier against UK Department of
Trade and Industry "Best Practice In Business Processes" and the Business Excellence
Model (EFQM, 2000) The business assessment covers management, planning and
materials management, manufactunng, human resources, quality, environmental 1ssues,
design and costs (and previously also Year 2000 issues) Opportunities for supplier
mmprovement are 1dentified through the business assessment, and jomnt improvement

opportunities are 1dentified together through brainstorming

From this, a joint development plan is formed, with milestones and actions for both AES
and the supplier The plan 1s reviewed regularly by the development representative, with
both parties able to give feedback on performance, and new opportunities can be

identified and added to the development plan

The "Top Supplier" programme 1s strongly rooted 1n the concepts of best practice transfer
and strategic thinking The building of long term partnerships based on trust 1s
conductve to communication between customer and supplier at all levels (which 1s
acknowledged 1n the presentation material). Under these circumstances, the shanng of
information could be expected to include mnnovation and future technology. According
to the interviewee (the “Top Supplier” Programme Manager), the transfer of best practice
15 a two-way process. AES could learn from competitors via common suppliers, then
share that information with other suppliers. This process, however, would not apply to
technology information — AES would expect their suppliers to respect the confidentiality

of such information

As part of the "Top Supplier” programme, AES have made a commitment to endeavour
to share their forward planning and business goals with their suppliers. This will assist
suppliers in making better-informed decisions which may help achieve those goals — and
could inform suppliers about future technology requirements. A further commitment is

to actively work with strategic suppliers to improve designs, remove nisks, and reduce

time-to-market




The emphasis of the "Top Supplier” programme, however, 1s on processes, rather than
product technology. New technology in terms of process innovation certamnly is part of
the "Top Supplier" programme The implementation of processes such as EDI 1s the type
of jomt development project that might be undertaken by the suppher development
teams, shanng resources and expertise. The "Top Supplier” programme 1s nevertheless
dnven by Procurement rather than Engineering, and so developing a supplier’s

technological capability may not be seen as a prionty.

6.1.2. Supplier Experiences of "Top Supplier™:

In order to find out about supplier development from a suppler point of view, three
companies 1nvolved i the AES "Top Supplier" programme were interviewed. The first
company {AES-S1) 1s a small niche supplier, manufactuning specialist electronic displays
for defence and industrial markets. The second company (AES-S2), which 1s part of a
US group, manufactures specialist electronic connectors, primanly for the aerospace and
defence industry, but increasingly for the telecommunications market., The final
company (AES-S3/AJV-S1) 1s a small specialist electronic connector distnbutor (and
assembler), serving a broad range of sectors, but primarily industrial electronics, military

and aerospace

The expenence of the "Top Suppher”" programme was positive m each case The
companies had expenienced other supplier development schemes and supplier
assessments, mcluding Kodak, Saab Dynamuics, Bntish Aerospace Defence Systems,
Pilkington Optoelectronics, Shorts Brothers and Aero-JV "Improving Together" The
"Top Supplier" programme had had much greater impact than any other scheme, which
was attributed to the sustained commitment from AES. The combination of the in-depth
business assessment, regular review meetings, and the fact that AES have people
dedicated to supplier development, have convinced the suppliers that AES 1s sertous

about the partnership.

The recommendations of the supplier development team were generally complementary
to the companies’ own plans for improvement. Some examples of best practice transfer
were given, although for the distributor (AES-S3/AJV-S1), the main benefit of the "Top

Supplier” programme was having a single commercial agreement with AES instead of

different agreements for each site The cost reductions for AES from the introduction of




EDI, ship-to-stock and bar coding had yet to be matched by benefits to the distributor mn

terms of increase 1n business

AES-S2 commented that the "Top Supplier”" programme raised the profile of their value-
adding activities, by allowng technical buyers to understand their design and technology

contribution, alongside cost, delivery and quality considerations

For the manufactunng suppliers, the cultural changes associated with supplier
development 1mitiatives mean that they are now working with the customer 1in design
teams, and are being involved at a much earlier stage Project lifecycles can extend for a
number of years, so these suppliers are receiving information about their customer’s
future technology needs up to five years mn advance, as well as being able to make

suggestions for improving the design and reducing costs.

Transfer of best practice to suppliers does not extend to technology, since the suppliers
themselves are already recogmsed by AES as the experts 1n their niche markets. The
customer does however play an important role in the innovation process. For example,
AES-81 15 aware of certain key people working for the customer with a dedicated role 1n
looking at new technology. A line of communication 1s maintamned with these people, to
gain an insight into what the customer 1s looking for and to keep AES aware of their new
developments Potential alternative technologies are demonstrated to the customer for

evaluation

AES-S2 identified customers as the most sigmficant influence n product innovation
Field sales engineers work with design engineers and buyers, gathering information
about future customer requirements (The existing products are developed through a
process of incremental change.) At present the sharing of information by customers to
this supplier 1s specific to particular projects, despite the "Top Supplier" status. The
building of trust has not yet reached the stage where more strategic information 1s

formally communicated, such as the customer’s technology roadmaps.

The distnibutor (AES-S3/AJV-S1) provides the main link between AES and a number of
specialist connector manufacturers. It 1s interesting to note that there is no evidence that
any technological information 1s transferred via this route, and so the manufacturers

recetve no information about future technology requirements from AES-S3/AJV-S1, and
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AES-S3/AJV-S1 does not discuss the technology strategy of the manufacturers with
AES. It 1s possible that there 1s some direct communication links between the
manufacturers and AES, but otherwise the presence of the distributor — while providing a

useful business role — 15 inhibiting the transfer of technological information

There 15 a greater willingness by these suppliers to work with their own supply base, and
transfer best practice down the supply chain. AES-S3/AJV-S1 has been particularly
active in developing 1ts own suppliers The manufacturing companies, however, operate
in a fairly short supply chain, and their suppliers provide mostly basic components and
materials. As such, they are not generally considered to have a strong influence 1n the

inovation process, unlike their customers.

6.2. Aero-JV (UK) "Improving Together"

6.2.1. Customer View of "Improving Together":

Aero-JV (UK) (AJV) developed the "Improving Together" system, to capture supplier
performance data 1n a way which was not limited to quality 1ssues, and to enable joint
problem solving. (This motivation was made apparent in two of the interviews)
“Improving Together” had been in operation for 2-3 years when the research was
conducted The scheme enables a more constructive relationship with suppliers, since
problems origmnating from AJV which affect a supplier’s ability to perform well are

1dentified

The “Improving Together” system 1s a database that can be searched by part, by supplier
or by project. It logs quality and delivery data (reviewed weekly), provides a framework
for capturing reports of problems and remedial actions, and includes modules for
“prevention activities” such as Year 2000 1ssues and continuous improvement. These
modules include Waste Elimination, KanBan, Supplier Satisfaction Score, Process
Assessment {including Manufacturing Audit), Business Assessment and Concurrent
Engineenng. Action requests are also recorded. the supplier 1s scored on techmcal
support, responsiveness and the provision of samples. This part of the system 1s
particularly important for captuning the fact that a supphier may have camed out
sigmficant work and incurred costs to meet AJV's request. Minor inquines to the

supplier would not be formally recorded 1n this way, according to the junior SD manager.




The senior SD manager explained that the system holds AJV-suggested best practice
information for specific technology areas such as PCB Fabrnication, casting, forging and
wire and cable assemblies - based mainly on AJV's own manufactuning experience. As
part of the review process (3 or 4 times a year) suppliers are assessed for compliance
with these recommendations under the Manufacturing Audit module, and this
information 1s also recorded There are mecharisms to allow suppliers to record

suggestions for improvement

The technological and design capabilities of suppliers are of increasing importance to
AJV, and the "Improving Together" system was used as a platform for a research project
to develop a decision support tool concerning early involvement of suppliers 1n product
engineering (Fowkes et al , 1999). The lessons from this project have been fed back 1nto

the concurrent engineering module of "Improving Together".

According to both SD managers, AJV believes 1t 1s investing in the technological
capability of their supplier base by encouraging the distilling and transfer of best
practice This occurs partly because their supplier development managers gain a great
deal of expertence by visiting supplier companies, and this tacit knowledge enables them
to help resolve technmical problems, sometimes involving their supplier's suppliers in the
process A distinction was made between proprietary processes and other technical best
practice - the former would not be disseminated to other suppliers They use their own
technologists to advise suppliers, although the level of expertise of therr mternal
technology "gurus" would generally be considered too high to engage with suppliers.
"Improving Together" does not as yet expliatly include shaning AJV technology
roadmaps with suppliers, although AJV does try to telt suppliers when plans will have an

impact on them.

The enthusiasm for developing supplier technology capabilities may possibly have come
from one particular "champion” of the scheme (the sentor SD manager), and following
the re-assignment of this person's duties, 1t is not clear who else within AJV shares the

same vision for "Improving Together"

6.2.2. Supplier Experiences of "Improving Together":
Senior managers 1n three supplier companies involved i "Improving Together" were

interviewed, including the distnbutor which 1s also part of the "Top Supplier” programme
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(AES-S3/AJV-S1). The second company (AJV-S2) manufactures high reliability bare
printed circuit boards. The third company (AJV-S3) is a small subcontract design house,
specialistng 1n bespoke test equipment, product design and systems integration
management, with expertise in computer aided design They have a sister company
which provides subcontract engmeening services, and also have a recruitment service to

supply personnel with specialist skills

AES-S3/AJV-81 had formed a poor opinion of "Improving Together" in compartson with
the "Top Supplier”" programme The metrics for measuring supplier performance were
felt to be mnappropriate, and did not provide enough incentive for a supplier to improve.
Given that this particular supplier’s role 1s 1n distribution rather than product design and
manufacture, 1t may be that "Improving Together" 1s better suited to companies with a
design or manufacturing focus Alternatively, the experience of a "better" scheme may
have resulted 1n a more discriminating attitude to other supplier development efforts. It
became apparent, however, that there had recently been a conflict between AJV and
AES-S3/AJV-S1 over product packaging, which may have adversely affected the

relationship.

"Improving Together" was reasonably well regarded by AJV-S2. It was seen as giving a
fair representation of the way in which the two companies work together, and the fact
that AJV are willing to accept cnticism from their suppliers was seen as a particularly
unusual and positive trait. AJV-S3, as a subcontract design house, does not fit
particularly comfortably with "Improving Together" which was oniginally developed for
component suppliers. They are, nevertheless, very enthusiastic about "Improving
Together", and felt that 1t had improved AJV's understanding of their capabilities and had
raised their profile AJV's openness, honesty and willingness to improve were also

recognised and were described as very refreshing

The transfer of best practice was not particularly evident For AJV-S3, best practice in
business processes 1s discussed during review meetings, sometimes from the angle of
AJV looking to evaluate ways in which the suppher works with other customers.
Manufacturing best practice 1s not relevant to AJV-S3, but 1t was made clear that this
type of best practice would be considered proprietary information and would not be
passed from one customer to another via a common supplier. AJV had offered to show

AJV-S2 how to use statistical process control, but this supplier's response was to agree to
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this only 1f AJV could demonstrate using 1t themselves The issue was taken no further.
Neither AJV-S2 nor AJV-S3 1s active 1n terms of working with their own suppliers m the
transfer of best practice. This 1s because AJV-S3 has a relatively small supply base, and
when supplying AJV they tend to use extemnal compames which are also approved by
AJV. AJV-S2 has lttle influence with 1ts suppliers because they are mainly large

multinational companies

AJV-82 described the Manufacturing Audit module as focussing on a product made for
AJV and simply testing the system. There has been no attempt to transfer best practice
or technological information under the Manufacturing Audit module. Representatives
from Engineering at AJV are supposed to be present at the regular review clinics, but
have consistently been absent. (Both AJV and AJV-S2 say this 1s a result of project-
based funding. Put simply. without a project number to book against, engineers will not
spend time on supplier development.) AJV-S2 believes that they were supposed to use
these representatives as an access point to Engineening, but instead they do not know to
whom they should talk. In the case of AJV-S83, AJV designers have been mvolved with

the supplier review clintcs alongstde procurement and quality specialists.

For AJV-82, senior level meetings with customers are with procurement specialists,
while time spent with engineers 1s at a junior level - "handholding, really - just giving
them a bit of confidence that what they are doing 1s nght". Communication about
technology 1s limited to particular project requirements and technology plans are not
disseminated by AJV to AJV-S2 or by the supplier to 1ts own customers and suppliers.
Because of the move to early supplier involvement, AJIV-S2 could however be involved
in projects five years ahead of an order This would generate some gwmdance concering
future technology requirements In this scenario, AJV-S2 1s expected to bear the cost of
development without any guarantee of an eventual order or even an enquiry Therefore,
1t appears that the risks involved in technological development are being redistributed
within the supply network, as are the costs of acquinng information about potential

technology alternatives

AJV-S2 was rather cynical about new technology, commenting that engineers are too
interested 1n technologically superior solutions which do not meet commercial needs
There are also difficulties because their own supplier base adverttses advanced matenals,

which their customers then request - but 1n fact these matertals are not available. AJV-S2
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relies on suppliers who are large multinational companies, and although innovative new
matenals are provided, there 1s little support provided and the level of expertise 1n the
supply base has fallen greatly over recent years The ginding principle concerning the
adoption of new technology for AJV-S2 1s whether existing customers can use 1t - there
1s no interest 1n serving any other market than low volume, high reliability electromcs,
despite the challenges of remainming on the preferred supplier lists and of disappointing

sales over recent years

AJV-83 1s somewhat different from AJV-S2 with regard to technology, since their key
technologies are CAD software AJV-S3 regards itself to a certain extent as a satellite
office to AJV, providing overflow design capacity and skills which overlap with ATV,
but also additional versatility and responsiveness. Ahgnment of technologies between
AJV and AJV-83 1s therefore quite important, and AJV-S3 has traditionally followed
AJV. Recently, however, AJV-S3 has led the way by purchasing a Mentor CAD system,
The system was demonstrated to AJV and the customer has now adopted this system.
More generally, technology choices are influenced by the direction taken by customers in

their various aerospace, defence, industrial and medical markets.

AJV-S3 undertakes a combnation of projects which are scheduled a long time 1n
advance, and small projects where they provide an immediate response. While they
work closely with Procurement at AJV to mamtain awareness of likely future
requirements, they are unlikely to be able to predict orders a year in advance. They
disseminate their technology strategy to customers but are conscious that customers such
as AJV often do not know 1f and when large defence orders are going to be signed, and

therefore their technological requirements can be hard to forecast

6.3. Case Study Analysis

6.3.1. Overview of SD Programmes

The existence of the "Top Supplier” and "Improving Together" programmes provides
evidence of a shift in supply chain relationships for the UK aerospace and defence
industry  Although the introduction of supplier development schemes has been inspired
by the automotive industry, the large aerospace and defence compames appear better able
to forge close relationships with thetr suppliers because cost has yet to sweep away all

other considerations. It 18 also appropriate and necessary in these sectors to develop
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long-term relationships with strategic technology suppliers, due to relatively long product
development cycles as well as long product hifecycles (which demand on-going technical
support) As a result of closer partnerships, communication and trust between customers

and suppliers have improved at a number of levels.

Both "Top Supplier” and "Improving Together" attempt to provide a relatively holistic
approach to suppliers. The scope extends far beyond quality, cost and delivery - aiming
for more effective long-term partnership. The schemes have elements of Krause and
Handfield's model of "mtegrative development" (Krause and Handfield, 1999), since
suppliers are mvolved at an early stage in new product development, and there 1s some
evidence of outsourcing design and sharing technology roadmaps. "Top Supplier" and
"Improving Together" are strategic rather than reactive in nature (Krause et al , 1998),
since suppliers are selected for development on a basis other than having particular
performance problems The main criterion for selection appeared to be the level of spend
on a parhicular commodity (1.e. high volume or high value-added commodities
[cf(Krause et al , 1998)]) The products (and services) supphed by the small companies
interviewed were technologically important to the large customers, but the customers did
not appear to be very dependent on those particular suppliers — the balance of power was
certainly with the customers rather than the suppliers. The suppliers interviewed are
mostly technology specialists or problem-solving suppliers according to Kaufman's
typology (Kaufman et al., 2000) (see Chapter 2) AJV-S3 may be classed as a problem-
solving supplier, although 1t 1s not actually a manufacturer. The distributor (AES-
S3/AJV-S1) does not fit into the typology, but 1s included in this study because of 1ts role
as a (closed) channel for technological information, and because of 1ts experience of both

"Top Suppher” and "Improving Together".

6.3.2. Direct SD Processes for Development of Technological Capabilities

In Chapter 5, inter-organisational processes were considered using the conceptual model
outlined 1 Fig. 5 3. "Top Supplier” and "Improving Together" both address improving
quality, cost and delivery performance Transfer of best practice in business processes
forms a key part of the "Top Supplier" programme, but is less evident in "Improving
Together" The two processes which were of particular interest to the author were the
transfer of technology best practice, and the transfer of technology lookahead

mformation. The findings from the case studies relating to these issues are summarised
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in Table 6.1 (which 1s a summary of a conceptually ordered display matnx (Miles and

Huberman, 1994)°'?’, used during the data analysis process)

Table 6.1 Effect of supplier development on supplier technological capability

Perceptions of
Formal 1inter-organisational AES ATV
processes AES ATV
supphers suppliers
Present
X x v J
Transfer of
hnol
;‘i‘;m‘;:gy best | Effect of
supplier N/A N/A 0 +
development
Present
Transfer of v v X v
technology
lookahead Effect of
information supplier + + N/A +
development
KEY present + posttive effect
X not present - negative effect

0 neutral effect

N/A  notapphcable

The transfer of technology best practice was not parttcularly evident in the case of AES
and the “Top Supplier” programme. Although manufacturing 1s addressed as part of the
initial business assessment, neither customer nor supplrers 1dentified this as leading to the
transfer of technology best practice. There appears to be an underlying assumption by
AES that 1f the business process 1ssues are addressed, technology-related issues should
automatically fall into place. In contrast, AJV’s "Improving Together" was apparently
designed to transfer best practice in manufacturing technologies, although in reality this
does not always seem to happen Supplier development engineers at AJV have on
occasion used their technical expertise to solve suppliers’ manufacturing process
problems, but the particular suppliers interviewed had not experienced such help. Instead,
one supplier found that engineers did not even attend the review climcs. The transfer of
a different type of technology best practice 1s however evident with one of AJV’s
suppliers {AJV-S3)" both customer and supplier have been influenced in their adoption of
CAD software by the partnership.  AJV-83 has a positive impression of the impact of

supplier development on technology best practice transfer
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With regard to the transfer of technology lookahead information, the case studies are
rather more positive AES are trying to share their forward planning with suppliers, as
part of “Top Supplier” Their suppliers (and also AJV’s supphers) confirm that they are
being involved 1n projects at an early stage, which gives them some ndication of future
technology requrements AES-S2 however commented that the relationship had not yet
reached the stage where AES would be prepared to share their technology roadmap with
them, but “Top Supplier” was gradually helping to buwild the trust required. AJV do not
claim to share their technology roadmaps with suppliers (but they do tell suppliers 1f their
plans will affect them). Their suppliers however feel that they are kept relatively well
informed, and they do share their technology strategy with AJV.

A summary of the research 1s presented in Table 6 2, which draws out the relevant case
study findings as they relate to the research questions presented in sectron 5.2.2. Firstly,
there 1s relatively little emphasis placed on technology in the supplier development
programmes studied which 1s consistent with previous research showing that
technological capability 1s a relatively low priority for supplier development (Krause and
Handfield, 1999; Watts and Hahn, 1993) Manufacturing and design were apparently
assessed by AES under "Top Supplier”, but this did not seem to be seen as a prionity by
either the customer or supplicr representatives interviewed. Technology improvements
were expected to follow naturally from improved business processes. An early champion
of AJV's "Improving Together" was enthusiastic about using the scheme to transfer best
practice in manufacturing processes, but there was lhittle evidence of this actually taking
place. This could have been due to the supplier sample chosen, but was confirmed

through other interviews with the customer.

Supplier development could be more effective in raising the profile of best practice 1n
technology management While several data sources from AJV confirm for example that
suppliers’ processes for preventative maintenance are scrutimsed as part of supplier
development, no such concem 1s shown for their ability to continue to provide the level
of technology capability needed by their customers. Formal, routine assessment of
technology management practices would be useful in demonstrating to suppliers that

their customers are commtted to technological advancement as well as improvements 1n

quality, cost and delivery performance




Table 6.2 Summary of research findings from case studies

Research Questions

Findings from case studies

A

To what degree do these supplier
development (SD} programmes
directly address technological

s  AES expects technology improvements to
follow from improved business processes

s  The reality for AJV does not match their vision
of a high emphasis on technology

1ssucs”?
. Low emphasis on technology overall
B B(1) Formal Corporate Systems (setting confext for
communication)
What factors Enablers communication
enable or inhibst ¢  Increased buyer awareness of design and
the process of technical contribution of suppliers
technology
lookahead in the s  Inclusion of engineers 1n supplier development
context of suppher teams
development? e  Early supplier mvolvement 1n new product

development {consequently sharing long-term
requirements)

Commumication

o  Relationship building through supplier
development {cross-functional and inter-
orgamsational)

. Suppliers sharing technology roadmaps with
customers

e  Customers shanng technology roadmaps with
suppliers (AES customer view)

. Informal communication between suppliers and
customer “technical gurus™

B(u)
Inhibitors

Formal Corporate Systems (setting context for
communication

o  Lack of engineers’ time for SD activities due to
culture of project numbers

»  “Gatekeeper” role of supplier development
personnel

Communication

»  Lack of contact with customer engineers,
particularly at a senior level (AJV)

. Loss of technology “champion” (ATV)

. Customers not sharing technology roadmaps
with suppliers (AES supplier experience)

Other emerging factors
potentially inhibiting long-term
technological capability in
supply network

e  Transfer of technology development risks and
costs to suppliers

+  Standard parts and rationalised “preferred
suppliers” (restricting innovation process)

. Culture of project numbers (restricting the tume
engineers can devote to “prospecting”™)




6.3.3. Indirect SD Influences on Technological Capabilities

Supplier development 1s influencing technological capability indirectly, since there are a
number of factors which are enabling suppliers' processes of technology innovation and
lookahead. From this study, the factors which may affect technology mnnovation and
lookahead processes are fundamentally related to communication, but the formal
corporate systems for SD also have an 1mpact on communication by establishing the

context 1n which communication takes place (see Table 6.2).

The first enabling factor 1s that supplier development assessments raise awareness of the
suppliers' design and development contributions. For example, according to AJV's
junior SD manager, AJV look at how their suppliers respond to action requests, which
may 1nvolve the supplier having to carry out some speculative development work (with
or without any funding from the customer). Increasing the buyer's awareness of suppher
contributions means they may be more likely to reward the supplier with larger
technology projects 1n the future [cf. (Hartley et al, 1997)]. This should in turn

encourage the supplier to invest 1in advancing 1ts technological capability.

Another way in which the formal systems help 1s that SD schemes actively try to
encourage engimmeer mvolvement with suppliers where this may not have happened
before, by including engineers as part of the SD team (as has also been identified 1n the
hiterature descnbed in Chapter 2). This factor needs to be considered alongside the
evidence that SD has strengthened important communication channels between
customers and suppliers (which may include the informal channels indicated in Fig, 5.3).
Cross-functional inter-orgamisational relationships have been built up, encouraging
mutual trust The partnership approach means that customers and suppliers are more

willing to share their technology roadmaps, as discussed earlier 1n this sectton

The selection of these particular suppliers for supplier development meant that they were
also more likely to be involved at an early stage in new product development (since they
were seen as strategic technology suppliers) Through this route, suppliers were being
told about future technology requirements up to 5 years in advance In section 5.2.1, the
author stated that she expected technology information exchanged through NPD to
mvolve relatively short ttme horizons.  The long development cycles of the aerospace
and defence sectors mean that in fact the distinction between long-term strategic

mformation, and near-term project-based information 1s somewhat blurred. It also
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appears likely that the relationships which are built up through inter-organisational NPD
may encourage the mformal exchange of strategic technological mformation (Bouty,
2000) The suppliers interviewed were certainly using informal connections with
technology "gurus" in AES to benefit their innovation processes. Further research 1s
necessary to explore how early supplier involvement in NPD 1s affecting long-term

supplier capabilities in technology.

Having discussed how the above factors may be benefiting long-term technological
capability by enabling the processes of technology lookahead, the factors which may
mnhibit these processes are considered  AJV appeared to have a problem with getting
engineers to engage with the supplier development process, particularly at more senior

levels The loss of the technologists' "champion" for the scheme may not have helped.
The procurement manager interviewed at AJV felt that although attitudes were changing,
engincers had traditionally had an "over-the-wall" approach and did not consider
themselves part of the supply chain. The company's formal systems appeared to be
working against the involvement of engineers 1n supplier development, due to the culture
of booking time agamst project numbers (which stigmatises SD activity as a company
overhead). It 1s important therefore to ensure that corporate objectives in SD are not

undermined by conflicting performance indicators for individuals

The customer supplier development teams, by formuing close relationships with supphers,
have a "gatekeeper" role (Macdonald and Williams, 1993; Macdonald, 1998) mn the
transfer of information between the organisations. (The distributor also has a simular
role.) Without the mvolvement of engineening representatives to channel technological
information mformally, such information 1s likely to be filtered or formalised by supplier
development personnel This may nhibit or discourage such information exchanges
(Macdonald, 1996), to the cost of technology innovation and lookahead processes. For
example, certain suppliers appeared to have a tendency to wart for their customers to
request a new technology before investing in 1t Although this lack of initiative cannot be
commended, 1t can be seen that without contact with customer technologists, the supplier

might never move forward m 1ts capablities.

6.3.4. Other (non-SD) Factors Influencing Technological Capability
Other factors which are affecting the technological capability of the supply network

include the transfer of technology development risk and costs to suppliers. Supphers
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who continue to acquire and develop new technology are not necessarily recerving
rewards commensurate with taking on the risks inherent in innovation, and they are often
under pressure from customers to reduce costs Unless customers recognise and support
their small suppliers' innovative efforts, they may find they are not incorporating the

latest or most competitive technologies 1n their products.

The move towards the use of standard parts and supply base rationalisation may have
some consequences for overall technology capability In acrospace and defence, there 1s
a real need to move away from over-specified military components and make better use
of commercial-off-the-shelf products Being restricted 1n the choice of supplier, and the
choice of components, 1s not welcomed by those with a design/engineering role,
however. Each engineer will have their own informal network of “preferred suppliers”
with whom they will have a line of communication which enables their creattve process
These restrictions may result in a more robust, cost-effective and flexible design, but
could also result in a design which 1s sub-optimal, and sets limits to any technological
advance. On the other hand, the creatton of more trusting, long-term partnerships should
stimulate the mnovation process As suppliers work more closely with the customer
engineers, jotnt efforts can be made to improve designs, and the supplier can have greater
confidence that efforts made to meet the customer design requirements will be rewarded
with an order. The partnerships may slightly alleviate some of the obsolescence 1ssues
which are a major problem for aerospace and defence engineers, either by influencing
supplier decisions on product withdrawal, or by encouraging designs which allow for

component substitution (incorporating any future product information from the suppler)

The culture of project numbers has already been mentioned n the context of the impact
on engineer mnvolvement in supplier development. The system of charging to projects
also denies customer engtneers the remit to assess new technology and develop views on
future technology requirements.  The procurement specialist interviewed believes that
AJV engmeers do not employ a strategic approach to technology, instead designing on
the basis of what worked last time, what 15 1n their favourite catalogue, or whether they
can give work to a supplier who helped them previously. AJV have now recognised that
a process of "prospecting” for the next generation technologies occurs informally 1n their
French operations but 1s lacking 1n the UK because of the requirement for direct charging

to projects. Other firms also recogmse the same pattern of behaviour in their engineers,
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and have therefore chosen to give particular indivtduals or groups separate responsibility

for 1dentifying and integrating new technologies nto their products

6.4. Review of Methodology

The description of the research methodology in section 52.3 mcluded some
consideration of the Iimitations of the research design. Before concluding this chapter,

however, 1t 1s approprnate to review the research that was actually carried out.

The case study methodology appears to have been successful in exploring the issues of
concern to the author. In retrospect, the research might have benefited 1f a greater
number of interviews had been conducted — for example with personnel involved in
implementmg the Top Suppler Programme at Aero-Electronic Systems (only one
representative of AES was interviewed and it would be interesting to know 1f his views
were shared) Including a larger number of supplier firms n the research would also
help to increase confidence that the five suppliers interviewed were not unusual 1n their

experience of the supplier development programmes

The interview instruments outlined in Appendix II1 2 and III 3 did not always directly
generate the information being sought. On two occasions, very lhittle had emerged from
the normal mterview process, and 1t was only towards the end of the interview that the
mnterviewees became involved 1n the subject and suddenly began to discuss 1ssues of real
relevance to the research The interview instrument probably tniggered the interviewees’
thoughts but with a delayed response, which reveals the complexity of this form of data

collection

Finally, the researcher herself will have had some effect on the responses gleaned from
interviewees (the other sources of evidence described 1n section 5 2 3 2 should be safe
from such bias') The supplier interviewees may have been slightly suspicious that the
researcher would be “reporting on them” to their customer (who had nominated them for
the research) It seems likely that the interviewees would have tned to present
themselves 1n the best light, but hopefully this will not have had a negative impact on the
results since the questions were not designed to ascertain the strengths and weaknesses of
the suppliers themselves. Interviewees may also have been tempted to try to give the

researcher the answers they felt she wanted to hear, but generally the interviewees
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appeared to relax and to become genuinely engaged in the discussion, giving greater

confidence that their answers reflected their true opinions.

6.5. Case Study Conclusions

In two mn-depth case studies of UK aerospace and defence compames and their supphers,
supplier development programmes were found — overall — to be enhancing technology
capability 1n their small suppliers  This was not the result of a strong emphasis on
technology in these programmes, since only one of the schemes aimed to transfer
technology best practice, and did not appear to be particularly effective in achieving that
goal. Instead, the supplier development programmes benefited technology capability

indirectly, by facilitating the processes of technology innovation and technology
lookahead

Technology lookahead 1s defined 1 Chapter 5 as "anticipating the technological future”,
and 1s an important process by which market and technology information 1s integrated to
ensure that technological capabilities develop and adapt to meet future market
requirements  Supplier development was found to be effective in strengthening
relationships betwecn customers and suppliers, and building mutual trust. This results in
better communication links and sharing of strategtc information' customers and suppliers
are more likely to disseminate their technology roadmaps to each other, and suppliers are
more likely to be mvolved early in new product development (giving them valuable
information about future technology requirements) Supplier innovation processes
benefit where there are direct links with customer engineers, but in some nstances the

formal systems of the customer acted as a barmer

Much of the communication concerning new and emerging technologies 1s probably
shared informally through early supplier involvement 1n new product development. This
area warrants further research. In terms of formal technology communication, the type of
information shared mm new product development 1s likely to be project-related and
involve relatively short time-honizons. The formal communication of strategic
technology information, such as technology roadmaps, 1s happening to a certamn extent as
part of supplier development. There appears to be a real opportumty to encourage
suppliers n enhancing theirr own technological capability by motivating them to

implement formal technology management processes like road mapping. This might
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encourage them to capture information from a wide vanety of alternative sources, and
not to be trapped 1n short-term strategies by over-reliance on their customer's knowledge
of enabling technologies. Supplier development initiatives already assess a broad range
of manufactuning and business processes, and the transfer of best practice 1s enabled by
the 1nterest suppliers have 1n meeting customers' standards. The technological capability
of the supply network could be strengthened if the same recognition was afforded to
technological 1nnovation and planmng as is given to processes which affect quality, cost

and delivery

Other factors (not directly associated with supplier development) which may affect long-
term technological capability in the supply network were raised through the case studies.
First, the move towards the use of standard parts (and a limited number of preferred
suppliers) makes economic sense, but could place boundaries on the innovation process
by restnicting design chotces  Second, suppliers are regularly having to undertake the full
nsk and costs of technology developments For the small companies 1n this study,
resources are often scant, and therefore they may not be able to invest fully in finding the
best solution Customers may therefore need to consider the implications of outsourcing
design and manufacture, and assess how best to support their suppliers 1n technological
innovation. Where systems integrators 1n aerospace and defence are incorporating sub-
systems and sub-assemblies 1 their products, the technological capability of thewr
suppliers will have an impact on the competitiveness of the product at the very least, and

could potentially affect the secunty of their country.

Large companies have the opportunity to enhance the technological capability of their
supphiers This may be achieved 1n part through supplier development, by sharing best
practice 1n specific technologies or in technology strategy. For this to be effective, large
companies need to make certain that sentor engineers and technologists are genuinely
engaged with the supplier development process It may however be more important to
ensure that channels of communication are maintained between the right people within
(and perhaps beyond) the supply network. This requires recognition of the processes

which enhance technological capability, and of thewr significance in increasing the

competitiveness of the whole value chain.




6.6. Chapter Summary

In this chapter the results of the research into supplier development were presented,
based on two case studies examining both customer and supplier perspectives. The data
was analysed against the research framework of Fig. 5.3 and the research questions of
Table 5.1 (a summary of results can be found in Table 6.2). The research methodology

was reviewed and some conclusions were offered

Chapter 7 will focus on the findings regarding supplier information acquisition, while

Chapter 8 draws all the research findings together.
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7. Questionnaire Surveys and Interviews: Role of Supplier-Led
Information Acquisition in Influencing Small Firm Technological

Capability

This 1s the second of two chapters presenting the results of the in-depth research (see
Fig 11) To begin this chapter, an overview 1s given of the findings from the two
questionnaire surveys (sections 7 I and 7.3) and the two sets of interviews (sections 7 2
and 7 4) - the data collection methods have already been summarised in Table 5.3 In
section 7 5, the findings from both the surveys and interview data are drawn together
with respect to the research questions presented in Table 5.2 The research methodology
1s reviewed in section 76 (details of the research methodology have already been

outlined in section 5 3 3) and conclusions are presented in section 7.7

7.1.  Postal Survey of Manufacturing SMEs in the Midlands

The 1mtial postal survey (see Appendix III 4) was sent to the managing directors of 400
manufacturing firms (with less than 250 employees) in the East and West Midlands The
majornity of the firms responding to the survey were n the size category of 50-99

employees (see Fig 7.1)

Of the 22 respondents, 16 claimed that innovation was very important to their company,
while 6 felt it was fairly important. In terms of recogmsing the strategic importance of
information or knowledge to their company, 20 respondents believed that 1t was very
important, while 2 saw 1t as farrly important  Since the majonty of respondents saw
mnnovation and information as very important to their firm, 1t may be possible that firms
who did not feel the same way may have failed to respond due to the perceived lack of

relevance to their company,

The greatest information needs identified by the respondents concemed their customer
markets. Need for information about technology was the next most common i1ssue
raised, followed by information about competitors and legislation. Competitor
information and information about exporting were both 1ssues raised by respondents
which did not feature 1n the survey questions. A summary of the responses 1s given 1n

Fig. 7 2.
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Distribution of Responses to SME Survey
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Figure 7.1 Distribution of SME survey responses according to employment size-band
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Figure 7.2 Greatest information needs aof SME survey respondents

When asked about the iggest barners to finding or accessmg the information they
needed, lack of availability of information was seen as a major problem — often because

the information they wanted was confidential. Lack of time was the second most
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common barrier, followed jointly by cost and difficulty in 1dentifying sources. A number

of other barners were suggested, and these are shown in Fig 7.3.

Greatest Information Barriers
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Figure 7.3 Greatest information barriers identified by SME survey respondents

The respondents were asked, 1n a tick-box type question, in which business areas they
were most likely to seek external information, and whether this would be at a senior or
operational level (see Fig. 74). Legslation was a particular concern, especially for
senior management. Senior management were also likely to seck mformation about

customer markets, strategy, and human resources and traming. At operational level,
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people were most hkely to seek extermal information about product and process

technologies, standards or ICT,
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Figure 7.4 External information sought by SME survey respondents according to business

area
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A number of possible information sources were suggested 1n another tick-box type
question. The Internet and trade journals were the most popular of these sources of
information amongst respondents, as shown in Fig 7.5. A number of respondents also
added their own preferred sources, which included trade associations, post and telephone,
and Busmness Link This highlighted an ambiguity 1n the wording of the survey, since
although Business Links are now under the co-ordination of the Small Business Service,
small firms are more likely to interface with their local Business Link and therefore

would not necessanily recognise the name of the Small Business Service

7.2.  Semi-structured Interviews with Manufacturing SMEs in the Midlands

A summary of the interview findings 1s presented in Tables 7 la, 7.1b and 7.1c. These
are presented 1n terms of the interview instrument outlined in Appendix III6 and
represent the researcher’s interpretation of the interviewees® comments. The findings

will be discussed 1n the context of the research questions and framework 1n section 7.5.
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Table 7.1a Interview summary for manufacturing SMEs in the Midlands (1)

customers

and incorporating 1deas
from elsewhere

advantage (anming for
small s1ze and weight)

Company
A B C D E F

Nature of Project management, Commercial Automotive components Nevigation and locatton | Filter cartridges for dust | Design and manufacture
business contracting and refrigeration systems extraction and gas of lasers

installation work for rail turbines

mdustry
Approach to Innovative attitude, ke | Innovative in terms of Innovative designs give More reactive than Fairly innovative Fairly innovative
innovation to suggest alternatives to | manufacturing processes, | them competitive proactive

Approach to
new
technology

See new technology as an
opportunity, but suffer
from lack of technical
knowledge Farrly low-
tech produets, but can
use high-tech matenals

Prnimarily a useful route
to cutting costs  Low-
tech market-place, high-
tech manufacturing

Quite cautious because
of automotive
qualfication and
approval systems Must
bring costs down to be
worthwhile

Struggle to keep up with
new technology, but do
$€e 1t as an opportumity
(e g GPRS and 3G)

See new technology (in
terms of materials) as
providing competitive
advantage

Not competing 1n terms
of the basic laser
technology, but rather on
creating custom solutions

Routes for
finding out
about tech,

Internet, mail-shots,
suppliers

Looking at what
competitors and supphers
are domng Planning to
use student placements

For new matenals ete,
purchasing manager finds
out what suppliers are
offenng

Trade journals, supphers,
contacts with
universities

Trade shows, industry
Journals, suppliers and
generally keeping a look-
out

Industry journals,
conferences and
exhibinons On-ling
Journals and patent-
searching

Routes for
finding about
customer
needs

Usually have to tender
for a fairly well-defined
contract

Privileged position of
wholesaler and
manufacturer, supplying
both trade companies and
end-users Sitnon
customer development
meetings every quarter,
and customers tell them
what they are looking

for

Usually have to quote on
the basis of a customer
drawing They use
personal contacts with
customers, and also have
a customer survey as part
of QS9000

Bid for contracts agaimst
specificatton drawn up
by customer (but they
can influence what the
customer puts into the
specification)

OEMs either give them a
techmical specification, or
they arnve at a
specification jointly
Service needs are found
out through visits or
phone calls to them
Always looking at what
end-user does with the
filter — difficult to get
round and visit all the
cnd users

Products are all custom
solutions — have an active
sales team and spend a
[ot of time 11 contact

with the customer
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Table 7.1b Interview summary for manufacturing SMEs in the Midlands (2)

Company

A

B

C

D

E

F

Routes for
finding out
about market
trends

Market mainly controlled
by politics, information
through informal
networks (before 1t
appears 1n the press)

Watch product trends
through customer
development meetings —
market 1s fashion driven
No market research —
high demand at present,
anticipated to last at least
2-3 yecars

Do market research
marnly through personal
contact with customers
and potential customers —
make use of Amenican
sales colleagues, cold-
calling, and the motor
trade fairs

Lead times for orders
often 4-5 years Market
15 driven by politics in
terms of how much
money 1s allocated to
defence and emergency
services

They are keeping aware
of what 1s gomgon-eg
huge market opening up
to them because of power
mdustry problems n
Califorma Buwlding gas
turbines, which will need
filters

Company 15 aware of a
need to do something
about this, to sce how the
global slow-down may
affect them Talking to
customers about how
they anticipate their
requirements changing

Approach to
information
gathering and
business
planning

Joint effort  Internct
searching seen as
something for out-of-
hours

Management team of 4
gather information and
discuss 1deas together
Admun staff possibly
assist 1n information
gathering

Design, purchasing and
the key account manager
meet to put together
quotes and design
drawings After that,
engincers can suggest
changes but do not
appear to have authonty

Joint effort 1n sifting
through magazincs and
passing information on to
the appropnate person
Impromptu meetings to
discuss new technology
or opportunities

Joint effort and informal
discussions Now having
to be a bit more formal —
also more likely to ask
technical manager to look
mnto things and report
back

Lots of communication —
interdepartmental
meetings with pcople at
every level, so everyone
can contribute

Other
information
needs

How to 1dentify suppliers
1n a sector they are not
famihar wath

Associated with
transferning technologies
between suppliers in
different countnies

Benchmarking
employment benefits
(scem to be covening this
by asking at interviews
and exit interviews)

UK suppliers

Legal advice on what to
do 1f things go wrong,
and advice on export
(how to do 1t properly)
Suppliers

Competitor information

Information
services used

(Supplier) l1sts from
Trade Associations, on-
hine source from
Engineering Forum

Databases from Institute
of Refnigeration and
Institution of Mech
Engineers, for info on
competitors, marketplace
trends, volumes and
expenditures

W Mids Dev Ag,
Staffordshire Chamber of
Commerce For HR
Kronos, Gee, Chartered
Institute of Personnel and
Development {CIPD),
and PCS (group of
solicitors)

Trade associattons and
journals

Chamber of Commerce/
Small Business Service,
Trade Partners UK (DTI),
Combined Heat and
Power Ass (Trade Ass),
free tnial of Mcilvaine
(on-line market info
Source)

HR. Chamber of
Commerce, Small
Busmess Service,
Learning and Skills
Council, CIPD
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Table 7.1¢ Interview summary for manufacturing SMEs in the Midlands (3)

Company

A

B

C

D

E

F

Information
barriers

Time Information not
held in one place

Techmcal knowledge not
broad enough (also
jargon used by trade
associations)

Problem of tncomplete
database classification of
suppher activities

Time required to find
relevant information due
to poor sign-posting

Info not speeific enough
to their sector

Interviewee has to read
through all the
information and apply 1t
1n the context of the
company

Time-consuming reading
through all those articles

Cost (not yet subscribing
to Meilvaine [sec Table
7 1b} although lots of
relevant mfo ) Also cost
of subcontracting testing
to get technical
information

Getting the night
keywords Accuracy

Some difficulties with
nternet because of
different definitions and
names are used for the
same thing, and either too
much or too little
information 1s found
Confidentiality 1ssue

Features of a
“fantasy”
mformation
service

Database of contractors/
supphers with particular
skills and infimite
capacity Speed 1s
mportant

Just wants to have to say
which sector, and what
info 15 required, and then
reccrve regular updates
Every 6 or 12 months,
should have opportunity
to update what info 1s
required Particularly
wants to know how big
the overall market 1s, and
whether 1t 1s growing or
stagnant

Database of perfect
cmployees Also,
database of machimery
with all specifications
and costs provided On
HR side, could do with
something which could
interpret the laws into
working practices
approprate for the
individual firm

Something for engincers
to swap 1deas

Accurate contact
information for potential
customers, including
what equipment they
have got (e g turbines)

Who can they go to for
technical products (link
to web-sites or product
brochures)?

Who can take a container
from Tilbury to Antwerp
for them”

{No suggestions )

Key message

Dufficult to ask the nght
questions 1f you do not
have a broad enough
understanding of
different technical areas

Information necds can be
very specific to particular
niche market —
informatton prowvision 1s
often too general

Automotive industry a
relatrvely small world —
everyone seems to know
what everyone else 1s
doing by word of mouth

“Know 1t when you see
it” approach to
information searching
may be difficult to
convert to asking the
right questions

Dufficult to get sector-
specific information
(problem choosing right
keywords) Classified
ads as important as
articles 1n trade journals?

Difficult knowing where
to start 1f you want to be
more proactive rather
than reactive towards
market trends
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7.3.  Postal and Telephone Survey of UK-based RTO members

The second survey was posted to users of a UK-based membership RTO, and was also
administered by telephone to people designated as the “main contact™ for the RTO within
member companies The survey was primarnily designed to provide the RTO with
information about the requirements of members using their enquiry service, but a subset
of the questions were erther designed for this research project or are helpful to consider in

this context (see Appendix III 5)

The survey data has been analysed by breaking the responses down according to the
employment size-band of the responding firms. The five size-bands under consideration
are 1-49 employees, 50-249, 250-499, 500-999 and over 1000 employees Since only 10
responses were recetved from firms in the 1-49 size-band, the comparisons made
between size-bands should be treated with some degree of caution. Fig 7 6 depicts the

distribution of responses from each size-band.

Distribution of Responses to RTO Member
Survey
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Company size-band (no. of employees)

Figure 7.6 Distribution of RTO member survey responses according to employment size-band
groupings

The members of the RTO were asked to tick which information sources they used
regularly. A simular question was asked in the SME survey, but in this survey different
categones were offered which focus on codified rather than tacit information sources,

and reflect what the RTO perceived as theirr competition. The results for the different

employment size-bands are presented in Fig. 7.7, along with a lme indicating the
133




“overall” average across all size-bands From this chart 1t can be seen that a higher than
average percentage of the smallest companies (with between 1 and 49 employees) use all
of the sources regularly. This size-band is in fact more likely to use most of the
information sources listed than any other size-band.  The very largest companies (with
over 1000 employees) are the second most aggressive nformation seekers, using
clippings/abstract services and other external enquiry services even more than the
smallest size-band Meanwhile, the medium sized companies with 250-499 employees
or 500-999 employees tend to use these sources less than the average (in some cases

clatming to use none of these sources at all).

Information Sources Used Regularly
- companson of different company size-bands
100% | - - see e

M 01-49
350-249
0 250-499
§ W 500-999
- 1000+
4 Overall

Percentage of firms
using source regularly

Figure 7.7 Information sources used regularly by respondents

It 1s interesting to consider why the respondents choose to use the RTO’s enquiry service.
A number of possible reasons were suggested, and the respondents were asked to rate the
reasons from 1 to 4, where 1=never true, 2=occasionally true, 3=quite often true and
4=frequently true These ratings have been combined to form an average rating for each
employment size-band as shown 1n Figs 7.8a and 7.8b The overall average across all

size-bands 1s indicated by a diamond-shaped marker,

The small companmies with 50-249 employees were most likely to turn to the RTO
because they did not know where else to get the information (see Fig. 7.8a) This might

suggest that they do not have a good awareness of the other information sources available

to them (particularly as this group were also least hikely to 1dentify with the reason “when
134




my preferred sources have drawn a blank”) Two suggested reasons related to speed and
urgency, and these were of concern to the smallest companies with 1-49 employees and
to those with 250-499 employees - but not for the 50-249 size-band. As mught be
expected, the respondents were more likely to seek information in the early phases of a
project or problem-solving activity than in the later stages. Greater concern over the
reltability of information was indicated by the very smallest and very largest companies

than by those 1 between

Why respondents use the RTO's enquiry service (1}
- companson of different company size-bands
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Figure 7.8a Reasons why respondents use RTQ’s enquiry service

Fig. 7.8b focuses more on reasons which relate to expertise. The smallest firms with 1-
49 employees were most likely to 1dentify with every reason suggested here except the
frequency of looking for technical information - which was shghtly more of interest to
the 250-499 employment s1ze-band. The smallest firms were significantly more likely
than other groups to use the RTO to get access to database information, to be looking for
information 1n their own area of expertise, to want analysis rather than simple data, and
to be looking for business information In general, respondents were more likely to use
the RTO’s enquiry service when they were working outside their own area of expertise
than when dealing with something familiar. This 1s not surpnising, since 1n their own
field they would be more likely to be knowledgeable concerning where to find the

necessary imnformatton, For the smallest firms the limitations of an 1ndividual’s
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knowledge may be reached more quickly, particularly since there 1s less likely to be
anyone else in-house with similar expertise. Given the RTO’s historical background as a
manufacturing centre, the emphasis on technical information rather than business
mnformation 1s not altogether surprising, despite the RTO’s efforts to build up 1ts business
expertise The use of the RTQ’s service for business information by the smallest firms
perhaps reveals their need for efficiency in not having to deal with too many different

information providers.

Why respondents use the RTO's enquiry service (2)
- comparison of different company size-bands
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Figure 7.86 More reasons why respondents use RTO’s enquiry service

Other survey questions dealt with the RTO’s recently introduced on-line information
service  Firms 1n the largest size group (>1000 employees) and the 50-249 employees
size group were the most likely to have used the on-line service Paradoxically both the
smallest and largest firms were most likely to want specific information sent to them n
paper format, and least likely to want 1t simply made available to them on the web-site
(E-mail was the preferred format to all sizes of firm, but the smallest firms with 1-49
employees were unusual 1n only having a marginal preference for e-mail over paper
format). The importance of the medium through which information 1s transferred will be

discussed further later 1n this chapter.

7.4.  Semi-structured Interviews with UK-based RTO members

The findings from this phase of data collection will be discussed 1n section 7.5 (N B the

interview nstrument 1s given in Appendix III 7) A summary of the results 1s presented
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in Tables 7.2a, 7 2b and 7.2¢, which as before represent the researcher’s interpretation of
the interviewees’ comments It was not always appropriate to ask all the questions of
each company (for example the technical lhibrarian 1n Company P was dealing with
information needs nght across the company and was not asked to define which was the

“greatest” need). On other occasions the interviewee did not respond to certain

questions There are therefore some gaps in Tables 7.2b and Table 7.2c.

Table 7.2a Interview summary for UK RTO members (1)
Company
G H I J

Nature of Project management, | Central heating Fure protection Security equipment
business contracting and pumps systems and systems

wistallation (marine)
Current Market intelligence — | Design and Getting up to speed Which materals to
greatest early awarcness of development 15sues on a new market area | use
information emerging (e g heat transfer)
needs opportunitics
Other Technical background | Supphers, legislation | Short-term Suppliers with
information mformation for and standards, engineering problems | specific technical
needs developing bids specific technical process capability

Compentor financial | design issucs

information
Nature of Analysing competitor | Cost-cutting Supplier problems, Obsolescence of
activities that | activity for 5 year Need to change things | obsolescence of componcnts
stimulate strategic plan after a competitor components
information- found out too much Cost-cutting
seeking dunng a failed

takeover bid
Greatest Compctitor secrecy Time — individuals Time and mitiative to | Knowing where to
barriers to Difficulty in framing | have too much to do do the necessary look
findang/access | questions clearly to spend much time searches (too busy Lack of expertise in
ing when approaching searchmg for dealing with day-to- matenals to
information external sources information day) Knowmngif understand
they are using the specifications

nght sources of
information

Sources used

Shipping journals,
internet, RTO,
commercial
databascs, Business
Shop

Suppliers, flyers,
Internet, e-zines,
Joumals, external
motor design “guru”,
patents

Internet, RTOs,
personal networks,
patents, trade
Joumnals, professional
nstitutions, nternal
research department

Sales team, mmsurance
companes, trade
Journals, internet,
supplers, CD-ROM
catalogues

How
information is

Saving time by
outsourcing scarch

Personal touch
important, and speed

Sources that keep
them up-to-date with

External expertise
valued, saving time

convince board

valued important of response market valued most by outsourcmg search
Easy access to Complementary mmportant
databases valued sources to m-house
knowledge important
Any changes People are more Since MBO, Information searching | More up-to-date
in way likely to search decisions are taken now more focused component catalogues
mformation 1s | because they know quickly and because of mass available via internet
needed, the answer 15 informally so less avatlabihity of info
sought or probably out there wnformation required | wvia Internet
used to write reports to
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Table 7.2b Interview summary for UK RTO members (2)

Company

K L M N
Nature of Lawnmowers Optical components Games and toys Drinks dispensers
business
Current Metal fimshing Matenals and Supphiers of new How to overcome
greatest processes (in relation | processes for design materials particular design
information to a supply problem) and development problem
needs
Other Manufactunng Supphers with
mformation methodologies specific technical - -
needs process capability
Nature of Solving design Project-related (18 Short-term techmical Design and
activities that | problems month timescale) not | problem solving development
stimulate for strategic planming | Also design
information- Choosing between definition
seeking alternative designs
Greatest Information not easy | Not always sure Technologtes needed
barriers to to find where to look may not even exist
finding/access _ Nced info very Framing question
ing quickly but hard to comrectly can also be
information find external a problem

expertise

Sources used Dealers and In-house sources, Sourcing agent, Patents, in-house

distnbutors, suppliers,
trade orgamsations,
mternet, specialist
consultants,
commercial databases

RTOs, trade journals,
e-znes, suppliers,
technical journals

Jjournals, m-house
sources, internet

sources, journals,
internet, e-zines

How
information s
valued

External spccialist
expertise valued

Ability to get quickly
up to speed 1n new
areas 18 valued

Important to be able
to trust sources

Saving time by
outsourcing search
important

Speed of response
important

Any changes
n way
information 1s
needed,
sought or
used

People are now more
hkely to consider
looking outside their
own mdustry

More information 13
used because more

available

Smce info can be
easily accessed,
people are less likely
to spend time reading
to become experts m
particular arcas

Internet means that
people can spend a lot
of unproductive time
trawling through info
and “looking busy™
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Table 7.2c Interview summary for UK RTO members (3)

used for market
itformation  Internal
sources, technology
scouts, Internet,
patent hterature

commercial
databases, RTOs, 1n-
house library,
profcssional
nstitutions

Company
0 P Q R
Nature of Pharmaceutical Metrology Defence Automotive systems
business devices
Current Benchmarking Keeping track of how
greatest manufacturing environmental
information - - activity and how to legislation 15 being
needs create an innovative mmplemented across
culture Europe
Other Proprietary matenals, | Techmcal and market | Health and safety Market information
information low level technical information
needs answers
Nature of Validating decisions Project activities, Problem-solving Answernng ad-hoc
activities that problem solving (Not requests from other
stimulate strategic) parts of the company
information-
seeking
Greatest Lack of awareness of | Insufficient network
barriers to potential sources of contacts
finding/access - -
mg
mformation
Sources used Network contacts Journals, books, In-house sources, Commercial

professional
institutions, mnternet,
commercial
databases

databases, mn-house
sources, intemet,
customers

How
information 1s
valued

Value external
subject-area expertise
and quality control on
information

Company has 1ts own
library

Browsable sources
that gencrate 1deas
valued

Extra resource from
external sources
important

Reliability of sources
mmportant

Market information
sources valued
highly

Information resources
have been centralised
within the company
(possibly due to
capability of librarian
rather than need)

No change in what 1s
required, but internet
has made 1t much
easier to access
information

Any changes Greater need for
in way knowledge
information 1s | management
needed,
sought or
used

7.5. Data Analysis

The data 1s analysed 1n the light of the framework presented 1n Fig. 5.5b. Section 7 5 1

addresses mformation needs, while section 7.5.2 considers the attributes of those needs,

Section 7 5.3 looks at sources of information and section 7.5.4 considers attnbutes of

those sources. Section 7 5.5 analyses the barrters and enablers to information flow

In terms of the research questions presented in Table 5.2, sections 7.5.1 to 7 5.4 tackle

question C regarding how small firms perceive therr own information needs and the
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potential sources of information available to them. Question D 1s addressed in section
7.5.5 and 1s developed further 1n section 7.7, where the factors that enable or inhibat the
process of information acquusition and technology lookahead are considered. Table 7 3
provides a summary of the findings as they relate to the research questions and the

framework in Fig. 5 5b

7.5.1. Information Needs

The companies were asked what they saw as their current greatest information need, in
order to gain an impression of the “burning issues™ facing the respondents. As seen in
section 7.1, the small manufacturers identified customer markets, technology,
competitors and legislation as important areas. Many of these 1ssues could have an
impact on strategic technology choices within the firms When the RTO members were
asked a smular question 1n interviews, a number of companies (both large and small)
identified that they needed techmical information to solve particular design problems.
One small firm had an unreliable subcontractor and needed to find an alternative process
or supplier. Two smaller companies needed market intelligence — one in order to move
mnto a completely new market The very largest firms were more concerned with top level
needs such as: how to create a more innovative culture; benchmarking manufactuning
capabilities; and how new cnvironmental regulations were being implemented 1n
different EU countries. Therefore the RTO members were concerned about a mixture of

strategic and short-term 1ssues.

The technological information sought by the smaller firms tended to be information that
they would not regard as being specific to their industry. There were exceptions, such as
Company H needing information about motor windings and Company I needing
information about white light filtering relating to security applications. Mostly however
the information requirements related to manufacturing more generally. Companies I and
L talked about using well-known technologies and applications-engineering them to suit
their particular niche, which would sometimes demand non-standard information about

components and matenals,

When 1t came to market information, however, the small firms were definitely looking
for very specific, detailed information, since they were operating in niche markets. The
very smallest firms in the RTO survey (with less than 50 employees) were much more

active than any other size grouping in seeking busmess information from external
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sources, although the firms with between 50 and 249 employees were actually the least
mnterested 1 seeking busmess information 1n the survey. The interview with Company D,

m the lower end of that size-band, contradicted this with their keen interest in finding out

the potential size of their segment of the market and their current market share
Table 7.3 Summary of research findings from surveys and interviews
Research Questions Findmngs from surveys and interviews
C C(1) Subject areas Attributes
How do the small Needs o  Markets ¢ No formal technology lookahead
firms studied s  Technologies s Occasionally strategic
percerve their own e Matenals ¢ Dependent on nature of decision-
mformation needs e  Supphers making
and the potential s  Competitors o  Usually problem-solving
sources of e Patents e  Scoping out alternative designs
mformation . ¢  Standards ¢ Ironing out manufacturing
available to them e Legslation problems
s Validation » Cutting costs
. Testlng L] Dealmg with obsolescence
¢  Vanable urgency
¢  Working outside own area of
expertise
¢ Reassurance within own area of
expertise
C(u) Type of source Attributes
Sources ) Internet . Personal or impersonal/manimate
Trade journals ¢  Browsable or searchable
Electromc news . Medmm (paper, electronic)
services . Level of familianty
o  Commercial +  Ease of access
databases e  Level of control
. CD-ROMS
s  Internal sources
s  Informal networks
s  External enquiry
services
s  Flyers and mail-
shots
D D{1) s  Trust
What factors Enablers - Familianty
enable or inhibit - Credibility
the process of @ ﬁ . Perception of value
technology s  Easily accessible
lookahead 1n the s  Doing something new
f:;: :ri(l;:)lglsluppher D(u) ¢ Lackoftime
acquisition? Inhibitors | ®  Lack of availability
+  Not knowing where to go
»  Not understanding jargon
+  Difficulty i finding keywords
s  Poor quality of information
. High cost
. Sources too spread out
s  Orgamsational culture
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More generally, firms recognised therr need for information concernmg matenals,
technologies, markets, suppliers, competitors, patents, standards, legislation, validation
and testing (See Table 73) Many of these areas would provide technology lookahead
and 1influence technological innovation within the firm, as well as any informal
technology strategy. The next section considers the attributes of this external

information-seeking

7.5.2. Attributes of Information Needs
In the previous section, the focus was on “what” information was sought. Here the
concern 1s more with questions relating to “how” and “why” information is sought and

“what for”.

The focus of this research is on mformation acquisition relating to technological
mnovation and technology strategy. None of the interviewees knew of any formal
process to review such technology management issues within their firms, although
Companies G, K and L acknowledged having some sort of business plan and review of
company strategy. Of those three compames, only Company G was actively acquiring
information as part of this process, to find out about competitor activity. The other firms
did not recognise an external information input to the process, seemng 1t instead as relying
on the knowledge of thetr employees. This knowledge would probably be kept up-to-date
by the employees making use of a vanety of information sources in the course of their
work For the small manufacturing compamnies, much of the technology planning activity
concentrated almost exclustvely on large capital equipment acquisitions Assessment of
the need for such equipment was based on customer requirements, and the equipment
was selected based on the information provided by a number of known potential

suppliers of the equipment.

The perception of the need for an information-gathering process was mfluenced strongly
by the interviewee’s position within the firm and the nature of decision-making 1n the
company or group For example, Company H was a management buy-out from a large
group, now a fully independent SME. Whereas before they were required to write reports
to support their decisions and plans, now these decisions and plans were made on a much
more 1nformal, gut-feel basis (requiring less formal information-gathering to back them
up) Company O was amongst the largest of the companies interviewed (although 1t had

only reached that size through recent rapid expansion), but the interviewee was at a
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sentor level where decisions had to be made very rapidly to respond to changes 1n the
market Therefore decisions were again made on the basis of gut-feel, and information-

gathering was used to validate decisions almost after the event.

The predominant reason for seeking external information (for all sizes of firms
interviewed) was 1 order to solve a particular problem. Typically this meant they had
thought of a particular way of manufactunng a product, but either did not know 1f a
process existed to achieve this or did not know of a supplier who could do this for them.
For companies involved 1n design, this meant that information was usually needed in the
early stages of new product development, when scoping out alternatives. The survey of
RTO members showed that companies with between 50 and 249 employees were less
likely to see themselves as seeking information at the start of a project, perhaps reflecting
an outlook more concerned with manufacturing than with destgn. Once firms were
commutted to a particular product design, there was often a second phase of information
secking, directed towards roming out unforeseen manufacturing problems Sometimes
there were 1ssues with cost, and alternative suppliers were needed 1n order to cut the costs
of products Companies I and J were also sometimes faced with the problem of parts
becoming obsolete, and having to find alternative solutions or alternative suppliers. This
fire-fighting activity in the smaller firms was blamed for irmting the tume they had
available to concentrate on more strategic activities. Although these companies were
often aware of needing information to expand into a new market or to kick off a new
product development, they felt they had not yet had a chance to start looking at these
areas. In a way this reveals the low level of prionty given to information acquisition 1n
this context, since if 1t had been considered mmportant enough, other activities would

have been neglected 1nstead

The urgency of information requirements vaned — 1n the survey of RTO members, the
firms with less than 50 employees were most likely to look to external sources when they
needed information urgently. In contrast, the companies with between 50 and 249
employees appeared much less concerned about finding information quickly than any
other size group Company K talked about having a supplier problem for a number of
years, but only began to look for a solution when 1t ‘really started to hurt [them]’. In
terms of solving design problems, 1t appeared that when the compames interviewed
looked for external information, they were usually content to wait for a few days but

tended to want an answer within a week (whether project timescales were measured in
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years or 1n months). The interviewee in Company H, however, commented that although
he might not need an answer immedately, he needed to know that his request was
progressing, which suggested that he was not particularly comfortable the loss of control
inherent 1n delegating or outsourcing his information needs. In contrast, Company R, one
of the large companies, was happy to wait up to a month for mformation to build up therr

knowledge 1n a new area of strategic importance to them.

Often the survey respondents and interviewees were particularly conscious of needing
information when they were working outside their own area of expertise. The survey of
RTO members found that both the very smallest firms (<50 employees) and the very
largest (>1000 employees} identified very strongly with this need for external
information outside their own area of specialism Employees 1n the smallest firms,
however, also recognized their need for more information concerning their own area of
expertise (sometimes simply to reassure them they were doing the right thing), but as
firm size increased, people were less likely to recognise such a need. From the
interviews, 1t was clear that for larger firms, there were often other people in-house with
the necessary knowledge and skills who could be called upon to help tackle a particular
1ssue. For employees of small firms, 1t was less likely that there would be someone else
with similar or complementary subject area knowledge, heightening the need to seek
external information Large firms were not immune to this problem, and m Company Q
there was only one person responsible for health and safety This person therefore had to
turn to external sources of information for support in how to implement new legislation
This example reinforces the argument, since a small firm would be unlikely to have even
one person dedicated solely to health and safety, and would be 1n even greater need of
external support. Another factor relating to expertise was that 1n a number of the small
firms, the interviewees were acting 1n a number of roles all at once The production
engineering manager at Company H was also responsible for maintenance and for
building refurbishment The HR manager at Company F also had a wide range of other
responsibilities, from PA to the managing director, to competitor analysis and site
facilities management Where people have multiple roles, the depth of expertise that they
can bring to each role will often be limited. This can limut their ability to absorb the

information they need, including strategic technological information (the literature points

to the importance of “absorptive capacity” for innovation and learming (Cohen and
Levinthal, 1990; Dankbaar, 1998))




7.5.3. Information Sources

The survey of RTO members suggested that the smallest companies (with less than 50
employees) made the most active use of information sources, regularly using the Internet
to access both free and chargeable data sources, reading journals, making use of
electronic news services, CD-ROMs, internal sources and external enquiry services The
very largest compames, with over 1000 employees, were the second biggest users of
most information sources, although they were the most likely to use a service to provide
clippings or abstracts Meanwhile, the compames with 250-499 employees and 500-999
employees tended to be the least likely to make use of the various information sources. In
terms of reasons for seeking information from the RTO, firms with between 50 and 249
employees were most likely to seek mformation from that source because they did not

know where else to find 1t.

The preferred methods used to acquire information by the manufacturing SMEs surveyed
were trade journals and the Internet (both cited by over 80% of the respondents),
followed by informal networks. This finding was very much backed up by both sets of
interviews. Companies A, C, E and G all subscribed to journals which they felt provided
them with cntical information regarding their own market place — the larger compamnes
did not show such enthusiasm for specific publications, perhaps because their interests
were slightly broader. Journals and magazines linked nto trade associations were also
very popular, particularly amongst the small firms (Companies C and K talked of
circulating these within the office). While some publications kept the companies up-to-
date with developments in the market they were selling into, other publications were
more concerned with the basic technologies behind the products. Part of the attraction
with this latter type of trade publication seemed to be the classified advertisements
(Compames A, B and H also cited flyers and mail-shots from potential suppliers as
valuable sources of information) The author gained the impression that the technology-
based publications did not elicit such strong enthusiasm from interviewees as the market-
based publications, because firms often seemed to feel that they understood the
technology fairly well already while market news was fresher. (One can however
mmagine that there are other firms who are very well tuned into their market, for whom
market-based publications might not bring anything new — but instead, technology-based
publications could do.) The Internet was used by most of the interviewees, often to get
background informatton when tackling a new area, and also to find suppliers (although

Company N commented that many of the firms they worked with still did not have web-
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sites) and datasheets There was sometimes less interest i this medium at managing
director level. this could be partly due to the age of those interviewees (they were more
comfortable and fammliar with printed publications), and partly because they had less
time available to trawl through the mixed-quality information brought up by Internet

searches.

The small firms did not have access to the wealth of information resources available to
the larger firms Amongst the large firms, Companies O and P both had library functions,
while Company R had a small department dedicated to answering enquiries Companies
O and Q also spoke of having active intranets — for Company Q, that also included the
benefit of being able to fire off a question to all the technical experts within the company
worldwide. The large compantes also tended to have direct access to chargeable database
sources which were not available to the small firms except through intermediares such

as business support organisations

7.5.4. Attributes of Sources
The sources described above (and used by the firms in this study) all have particular
charactenstics and attnbutes which shape how they are perceived and valued (see Table

7.3). These attributes are now discussed

Many of the preferred sources of information were people — suppliers, consultants or
techmcal “gurus™ who could be easily contacted by telephone or e-mail. Two of the
small firms interviewed were willing to pay thousands of pounds to access the technical
expertise of particular individuals. This 1s likely to be because 1t is much quicker and
easier to extract information by talking to an expert than by trving to read up on the

subject oneself (Julien, 1995).

The firms perceived the difference between browsing and focused searching for specific
answers. Browsing 1s usually associated with published material whilst searching 1s
associated with external enquiry services, CD-ROMS and commercial databases. The
Internet can fall into either category (Company G talked of searching for a supplier on
the Internet, and through that accidentally discovering that a firm they had approached
was closely linked with a competitor) The small firms appeared more at ease with a
browsing approach, prefernng to wart for inspiration from trade magazines rather than to

proactively search Information found by browsing could be valued more highly than that
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found by searching, because of the individual’s delight or relief 1n finding out something
they had not known to look for. In contrast, the results of searching were much less likely

to be able to exceed expectations 1n that way

The media through which information was presented played a part in how sources were
perceived For example, the RTO used to provide its members with a paper bulletin
containing abstracts of technical and business articles. This facility was replaced by an
on-line searchable database, but the loss of the paper bulletin emerged as a real problem
to a number of the firms interviewed, since 1t was no longer a publication that could be
quickly scanned to keep them up-to-date with developments in manufacturing technology
and methodology They were much less likely to remember to visit the on-line database
Interviews revealed that many people really wanted a paper edition, even though the
same people had requested an e-mail bulletin 1n the RTO survey. Whether sent
electronically or through the post, 1t was clear that this type of information source lent

itself more to browsing rather than searching

Another attribute that tended to affect how information sources were perceived and
valued was to do with familiarity. In most cases, sources in the “comfort zone” of the
interviewees were valued highly, being sources that they knew well and turned to
regularly Where sources were unfamiliar, they were not usually seen as valuable There
was one exception to this where the mterviewee 1n Company H who was not familiar
with using database sources had rather unrealistic expectations of what such sources
could offer him, and therefore valued them highly. Since that firm could not afford direct
access to the database sources, 1t requested the information via an intermediary, but when
the information received was found to be inaccurate, Company H attributed the problem

to the intermediary rather than the database source.

When asked which three sources of information they would pay for 1f all their existing
sources were taken away from them, most firms said they would choose to pay for the
Internct above all other sources. (It seems that the companies did not think of personal
sources 1n the context of that question.) In firms where there are a reasonable number of
qualified engineers, people have become accustomed to searching for themselves, and
they value having control over the search process and being able to find enough
information by trial and error to gain an overview of a topic which might be new to them

The availability of the Internet has in some cases prompted people to look for answers
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where 1n the past they might have struggled on without the information, thus 1n some
senses raising the percerved value of the information. The true value of the Internet to a
firm is however affected by the relative skills of its employees in finding information, the
time required to extract it, and the rehiability of the information obtained. The time-
consuming nature of Internet searching and the lack of quality control of the content were
attributes that were only 1dentified by a small number of interviewees. The majonty of
firms did not make a considered decision about the efficiency of usmg the Internet as an

information source

7.5.5. Information Barriers and Enablers

In Table 5 2, research question D focussed on the factors which 1nhibit and enable the
processes of technology lookahead in the context of information acquisttion  Since
technology lookahead requires information acquisition, barriers to information
acquisition are likely also to form barners to technology lookahead, and similarly those
factors that enable the process are also likely to enable technology lookahead (see Table
7 3).

When asked about the greatest barmers they faced in acquiring the information they
required, the biggest 1ssue (for a large number of the SMEs interviewed and surveyed)
was finding the time to do the research they needed. People were overstretched, and
information searching would impact too much on thetr other activities. In Company B,
information searching via the Internet was something to be done 1n one’s own time, 1n
the evening after dinner — in Company H the favoured method was flicking through trade
magazines while eating a sandwich at lunchtime Again, the fact that information
acquisition 1s viewed almost as a “hobby activity” raises questions about whether enough

priority is given to this process.

Another major barrier was that much of the information needed was not available 1n the
public domaimn. This was either because the information was confidential, or simply
because 1t was not written down anywhere. Company R talked about their networks 1n
Europe not being extensive enough to be able to access the type of first-hand information
they required — as they are a global company, it suggests that small firms would have
even more difficulties obtaining that sort of information., Published information was
usually not specific enough to the niche requirements of the small firms in this study

Linked to the 1ssue of availability, many of the small firms had problems 1dentifying
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which sources to go to for vanous types of information, and knowing whether the
sources they were using were the nght ones. The survey of manufacturing SMEs
revealed that many respondents were unclear about what a database was, which suggests

that they would be unlikely to understand how to make the best use of database sources.

There were also difficulties 1n obtaming information especially in other industry sectors
due to the technical jargon used by sources such as trade associations. Identifying the
most appropriate keywords for searching was another problem for those without 1n-depth
knowledge of a subject. This difficulty was particularly acute for small firm employees

having to undertake a number of roles for which they had not been tramned.

The cost of information was a barrier mentioned by 3 of the companies in the SME
survey It chd not appear to be a major issue for the RTO members (beyond a shght
concern about whether they were getting value for money from the RTO’s information
service), and was only raised implicitly in one of the Phase 1 interviews: Company E
appeared to have found a good on-line source of market information, but despite a

successful free tnal they were not ready to subscribe to the service.

The SME survey respondents complamned about problems getting accurate, up-to-date
information, and about sources being too spread out — one firm was concerned that by
only getting fragments of the information they required, the real picture was being
distorted.  The culture of the organisation was held to be the biggest barrier to
information 1n a number of instances, but for one survey respondent the real issue was
that they did not always realise when they should have been looking for information —

they had not been aware of a change 1n legsslation, and so had failed to investigate 1t.

In terms of factors which enabled and encouraged information acquisition, the ability to
trust the source was important. For example, information from trade journals appeared to
be favoured by the firms studied, partly because their own sector trade associations were
seen as famihar, trustworthy and relevant sources Trust 1s also a key factor in the
reliance on people as a source of information, based on the credibility of the individuals
concemned For small companies to be willing to spend thousands of pounds to acquire
technical information from the “gurus” described 1n the previous sections, the behef 1n
these individuals must have a very positive influence This also suggests that percerving

an information source as high-value 1s an important enabler to information acqusition.
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Another enabling factor appears to be where information 1s easily accessible. This was

true of both trade journals and the Intemet, which were preferred sources in this study.

In section 7 5.2, 1t was seen that external information was often sought when companies
were mvolved 1n a new development, or when people were doing something outside of
their “comfort zone” of expertise This implies that inmnovation may actually be an
enabler of information acquisition. This will be discussed further in section 7.7 after a

brief review of the research methodology.

7.6. Review of Research Methodology

Before concluding this results chapter, the methodology 1s reviewed {in the same way as

presented 1n section 6 4 for the previous results chapter).

The limitations of the research design have already been discussed 1n section 5 3.3 where
the low response rate for the survey of manufacturing SMEs in the Midlands was raised
as a concemn. Since the survey of RTO members was dominated by market research
questions, neither of the questionnaire surveys proved 1deal as a research tool, although

they were helpful 1n 1identifying companies for interview,

The interviews themselves were an appropriate means of explorng the research
questions Information acquisition is however a difficult concept to capture, since 1t 1s so
much part of everyday life that it becomes a subconscious activity The responses
elicited from the interviewees will certainly have been affected by how questions were
asked, and there are probably many different ways of looking at the same 1ssues. For
example, the importance of informal networks as a source of information did not emerge
from the interviews, although they did feature in the survey results - and previous
research suggests they play a significant role. The way the research agenda was
presented may have constrained the interviewees thinking to sources which they see as

“work-related”

The 1nterviewee responses from the RTO members may also have been affected by the
ambiguous status of the researcher, who was certainly seen by some companies as
representing the RTO (despite her efforts to explam the visit in terms of university

research) Taking the view that the researcher was selling or endorsing a particular
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information service may have coloured the responses of some interviewees when
descnbing their information needs and acquisition processes. The presence of a second
researcher for more of the mterviews might have helped in the process of i1dentifying

such factors

7.7.  Information Acquisition Conclusions

The research described mn this chapter was encouraging 1n so far as 1t indicated that the
smallest firms were often as active as the largest firms in seeking external information.
Whle they did not always have access to the breadth of sources available to the larger
firms, this was balanced by the ease of commumcating mformation within the firm and
the lack of bureaucracy 1n decision-making This type of environment makes 1t easier to

harness information to help with technological innovation and strategy formulation.

The awareness of information needs within the firms did not always extend to strategic
1ssues, and even where 1t did, information acquisition was given relatively low prionity
None of the firms described having any formal processes for seeking future technology
information. In some of the small firms however, information was sought regarding
future markets, which would then have an impact on their technological choices Given
that most of the companies studied appeared to be reasonably innovative and willing to
adapt technologically, technology lookahead 1s likely to have been taking place even 1f 1t
could not be 1dentified as a strategic search for technological information It seems that
perhaps the distinction made by the researcher between strategic information acquisition
and information acquisition to support everyday operational activities is a false one
Instead 1t 1s possible that where firms are actually seeking technical information to solve
a particular design problem, they may simultaneously be absorbing information about
possible alternatives which may stimulate 1deas for future technological innovation.
Similarly, the more mundane searches for information concerning matenals, suppliers,
competitors, patents and legislaion may have a similar indirect effect m providing
technology lookahead. This justifies the approach taken by the researcher in
investigating information acquisition across a broader range of subjects than simply

strategic technology information

At the end of the previous section, 1t was observed that innovation could be an enabler of

information acquisition. This implies a “virtuous circle”, where doing something new
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necessitates a search for information, which 1n turn kindles more new innovative ideas
This “virtuous circle” will not necessanly always continue, particularly 1f companies
have drfficulty accessing and obtaining the information they require. Where disruptive
technologies are mmpacting upon an ndustry, or when firms want to move into
completely new markets or take up a technology previously unfamihar to them,
companies face much greater challenges in finding the information they need. Identifying
sources and interpreting the jargon surrounding a new area is difficult and time-
consuming for a small firm working alone In more familiar, stable industry settings,
small firms are able to utilise their trade associations for strategic technology
information  Opportunities to get involved 1n industry road-mapping can sometimes
arise through such trade networks, which can assist companies 1n formulating their own

technology strategy

Returning to small firms operating outside their own “comfort zone”, there remains a
serious challenge The Internet may appear the cheapest route to find out about
something new, but a great deal of time may be required to trawl through information
where the right keywords are not known (The ability to absorb information without the
necessary background understanding 1s particularly critical in small firms where
employees are often asked to turn their hands to unfamiliar things.) The quality and
reliability of information on the Internet may also be difficult to venfy Chargeable on-
line sources could be appropnate 1f it meant that the company could be sure of receiving
accurate, rehiable, complete and up-to-date information. To meet the needs of small firms
through a chargeable on-line service would however demand a sigmficant investment 1n
the user interface, in order to give clear signposting {Vos et al , 1998), avoid jargon, and
help the small compames to refine their search — almost performing an educational role
in some ways It would still fall to the small firms themselves to make the leap to
understand the significance of a new technology or market development to their own

future business

It may be more efficient and more desirable to turn to a trusted person who understands
both the new area and the needs of the company. For something which 1s genuinely
outside the ordinary for a firm, however, there may not be a suitable contact 1n their

personal network. The alternative 1s to turn to a consultant or professional information

service to provide a bridge to the new area of interest and translate the required




information to the individual circumstances of the firm. Yet such a personalised service

15 likely to appear expensive to a small firm.

Although most of the small firms 1n this study did consider knowledge of their markets
and specialist technologies to be important, they did not fully appreciate the value of
information. They did not always recognise the importance or even the existence of their
own information gathering processes, nor the need to be aware of future challenges and
opportumities. By taking a more considered approach to information acquisition, smaller
firms would be better able to advance their technological capability to meet future market

needs

7.8.  Chapter Summary

In this chapter the results of the research into supplier information acquisition were
presented The findings were broken down according to the data collection method, and
then reviewed against the research framework of Fig. 5.5b and the research questions of
Table 5 2 (the results are summansed 1n Table 7.3). The research methodology was re-

assessed and a number of conclusions were drawn

Chapter 8 will present a discussion drawing together the research findings of both
Chapters 6 and 7 (see Fig. 1.1), before summansing the main findings and ongnal

contribution of this research
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8. Discussion and Conclusions

This chapter takes a top level view of the issues and themes which have emerged during
this research The context of the research is revisited in section 8 1, and the findings
Jfrom the previous two chapters are drawn together in section 8 2 Section 8 2 I provides
a review of possible tools and techmques for technology lookahead by way of exploring
the practical options open to small firms In section 8 3, the key themes from the
research are drawn out Section 8 4 summarises the key contributions of this research in
the context of the existing literature, while section 8 5 re-states the hmitations of the
research A list of further research opportunities is presented in section 8 6, before the

chapter 1s summarised i section 8 7

8.1. Re-statement of problem

Before reviewing the research findings, the issues that stimulated the research at the
outset are revisited The mam concern was for small manufactunng firms who
increasingly need to develop their technological capability n response to the demands of
large systems integration companies (particularly in mature industries such as the
aerospace industry). Greater outsourcing of sub-system design and manufacture by the
former OEMs suggests that these larger companies are unhkely to dedicate much
resource to R&D 1n the enabling technologies that underpin such products. Instead, their
smaller suppliers are expected to take on the risks of technology development as they
provide products with greater added-value Two main drivers are working agamst
small firms as they try to meet this challenge — firstly the business environment and

secondly the technological environment,

In terms of the business environment 1n the UK, small manufacturers are facing a very
difficult time economically, with the global downturn and the relative strength of
sterling. Cost-down pressures are transmitted through the supply chain, leaving small
firms with lhittle resource to fund any longer term developments. At the same time, 1t is
vitally important for firms to develop technological strengths as they are increasingly

exposed to global competition and supply base rationalisation.

The technological environment 1s also rather challenging for small firms: more than ever

before, there 1s a need to combine and integrate different technologies tn order to meet
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market needs for smaller, lighter, cheaper but functionally enhanced products. The pace
of technological change 1s also continuing to increase, and it is difficult for small firms to
maintain the necessary level and breadth of expertise in-house. Design cycles and
product lifecycles are being compressed, which adds to the pressure on small firms to

bring products to market quickly, and maximise their profit while they can

Developing appropniate technological capability to meet market need 1s therefore a
significant challenge for small manufacturers. This 1s an important issue not only for the
firms themselves, but also for the long-term competitiveness of the value chains 1n which

they operate

The research considered the mechanisms by which technology capability might be
developed, focussing chiefly on ‘“technology lookahead” — the means by which
companies make themselves aware of the particular technologies which they will need 1n
order to be able to compete in the future. Without this awareness and understanding of
emerging technological requirements, firms are very unlikely to be able to develop
suitable capabilities  The next section considers how small firms can use sources of

information for technology lookahead,

8.2. Innovation Environment of Small Manufacturers

Small manufactunng firms cannot gain understanding of future technology requirements
mn 1solation. The research presented in this thesis has been based on a concept of
information flows — that by accessing the relevant sources of information, a small
company should be able to build up a reasonable picture of where the best opportunities
lie, and which technologtes will enable them to innovate to capitalise on those
opportumties There are 1ssues about whether a small firm will necessanly recognise the
sigmficance and relevance of information, especially when it deals with an unfamiliar

subject, but this will be discussed later

A draft framework of the innovation environment was presented in Fig 3 4 During the
course of the research, many of the links between the small manufacturer and the
elements 1n the innovation environment were explored. The link between small firms
and their customers provides a good flow of mformation to feed the innovation process.

As part of their daily environment, customers are easily accessible as a source of
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information, and their advice 1s valued highly because following 1t may lead to future
orders. While much of the information from customers is market-orientated, some
customers are able to provide technical guidance to theimr suppliers. For instance, many
of the former OEMs retain a certain amount of technical expertise from the days before
outsourcing, often through the tacit knowledge of employees now operating 1n
completely different roles The scoping study, however, highlighted a potential danger.
that the strong influence of customers could trap firms into short-term technology
strategies  Most of the information from customers was concerned with the next
potential order, and not with longer-term industry or technology trends. The customer
could lead the supplier down a technological “blind alley” if they both failed to identify
the emergence of a nval technology. This can happen when the supplier is only
concerned with providing what the customer asks for, but the customer only asks for
what 1t knows about (Macdonald, 1995) Even where the customer 1s an OEM that has
had relevant technical expertise tn the past, their knowledge will soon become out-of-
date, and the unstated assumption 1s that the supplier should be the one to suggest new
alternatives. In the course of this research, however, some frustration was expressed over
the conservative approach taken by a number of suppliers. This might be due to those
suppliers being unwilling or unable to take risks, or could reflect a lack of awareness of

technological and market changes

Chapter 6 considered how customer influence could be used to best advantage to further
supplier technological capability through supplier development schemes. In some cases
1t may be appropnate for customers to directly transfer technological best practice to ther
suppliers, but 1t 1s not often that they will be in a position to do this. Taking best practice
from one supplier and presenting it to other suppliers could undermine the competitive
advantage of the ortginating firm It 1s also becoming less likely that the customer firm
will retain therr own technological expertise which they could then pass onto their
suppliers. A more generally useful approach would be for customers to actively
encourage their suppliers to develop their own technology management processes. Many
business processes are inspected as part of the supplier development process, and
subjecting 1t to regular scrutiny would underline the importance of developing
technological capability to fit the emerging market and technological requirements By
recommending that a broad range of information sources 1s used, customers could also

help suppliers not to fall into the trap of over-dependence on themselves, the customers,

for information




The research suggested that although customers were seen as an important source of
information, their suppliers were not always able to speak to the right people within the
customer firm. Engineers were failing to get involved with supplier development due to
organisattonal pressures, which meant that the lines of communication between customer
and suppliers were not as beneficial as they might have been. This is an area where large
firms could act to improve the situation. The ability to talk to customer “technical gurus”
was very useful 1n one case — while that supplier saw 1t as an opportunity to show off
therr own technology, 1t seems likely that there was a two-way flow of information and
that the supplier benefited from the “gurus® extensive knowledge of world-wide

technological developments.

The importance of customers as a source of information 1s partly due to the fact that they
are part of the daily environment of a firm. They are known and therefore trusted to a
certain extent. The same 1s true of suppliers, although for many of the firms studied
dunng the course of this research, suppliers were not seen as playing a sigmficant part 1n
the innovation process. The suppliers of these companies were often large multinational
providers of matenals and equipment, and they did not have enough leverage with their
suppliers to recerve much support or help from them Other suppliers were small local
concerns who were not credited with much input to the innovation process. One of the
firms described in Chapter 7 did seem quite successful at learming from suppliers and
potential suppliers, by collecting flyers and phonmg round a number of compames. This
was not recognised as an input to their innovation process, however The respondents to
the innovation surveys described 1n Chapter 2 were generally better at recognising the
role played by suppliers m therr innovation process, so perhaps the sample of companies
used m this research was atypical 1n this respect Regardless of whether suppliers are
viewed as important to innovation, relying too much on suppliers as a source of
information must carry the same “health warmings” as relying on customers — over-
dependence on suppliers can blind a company to alternative approaches and technologies

arising out of completely different industry sectors.

In this particular study, suppliers often appeared to stimulate change which was
percetved mn a negative way by therr customers — through the obsolescence of
components and processes Many firms seemed unprepared for having to redesign their

products to cope with obsolescence There may be a role for technology lookahead not
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only 1n being prepared for new technology as 1t emerges, but also in anticipating the

demise of current technologies.

Beyond the supply chain, there are many other potential sources of information which
can spark technological innovation 1n small manufacturing firms. Out of all the other
elements 1n the innovation environment put forward in Fig. 3 4, the two most sigmficant
to small firms 1n this research were trade associations, and reading matter such as the
Internet and trade journals. It 1s ltkely that informal networks were also very important,
but 1t 1s hard for people to 1dentify the contribution made via casual conversations with
friends and associates. The research methods used were not particularly well suited to
unlocking the intricacies of such informal mechanisms, since they were directed mainly
towards finding out how the interviewees understood things  Unless interviewees had
actually spent some time analysing the role played by their own networks, their thoughts

would naturally tend towards information sources that they see as work-related.

Sources such as trade journals and magazines came easily to mind for the small firm
interviewees, and were seen as very useful. The important role of these pubhcations is in
sttimulating new ideas — alerting the reader to new market opportunities or inspiring new
product or process ideas  Often inspiration seemed to strike when interviewees were just
browsing or looking for something else, and in a way these 1deas were valued more
because they were unexpected Many interviewees were also very enthusiastic about the
Internet and the easy access to information that 1t provides, without appearing to consider
the cost in time and effort requtred by searching A key benefit of the Internet was 1
giving people a handle on unfamiliar subjects (although this was heavily dependent on
the skill and understanding of the searcher). With very little knowledge of a topic or the
correct keywords, 1t is possible for someone to gain a significant amount of background
knowledge from the Internet through trial and error, perhaps opening up to them the

potential of new technologies and techniques from outside their industry.

The need to be open to new possibilities from outside the firm’s “comfort zone” was
highlighted by the status of trade associations as a favoured source of information within
the innovation environment The companies 1n this study tended to be very familiar with
their trade associations, and as such they were a trusted and easily accessible source of
mformation Often these associations would provide firms with networking

opportunittes through semnars and exhibitions, putting people in contact with each other
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and allowing the opportunity to access information directly from people (the information
source most likely to mspire confidence). The use of trade associations for information
15 1deal for compames who find themselves m a stable industry with few external drivers
of change = Where an industry 1s changing rapidly, however, the trade associations are
unlikely to be able to flag up every potentially sigmficant new technology and market
trend. Even when more permanent changes occur, it can be difficult for trade
organisations to respond quickly enough (1t has been commented that trade associations
are often structured in a way that reflects the shape of the industry 10 years previously)
Also, for companies seeking information from other industries, the information provided
by external trade associations can be confusing and full of jargon that is not easily

understood by outsiders.

Returning to Fig 3 4, there are strong information links between small firms and the
elements 1n their innovation environment when these sources are either seen as easily
accessible, highly valuable, or trusted as a result of their fammlianty or perceived
credibility The barriers to companies m accessing sources are more general 1n nature,
such as lack of time and lack of awareness of where to go for particular types of
information., The sources which are used most commonly by small companies are also
those which may be least likely to challenge them in the “status quo”, and therefore 1t

may be worth considering formal tools and techniques for technology lookahead

8.2.1. Review: Tools and Techniques for Technology Lookahead

There are a vartety of tools and techniques described in the literature which are designed
to help firms gain awareness of future technology requirements, and to assist in the
technology planming process. Most of these techmques have been developed with large
companies 1 mind, and there 1s little empirical evidence to support their use in small
firms There may nevertheless be some benefit for small firms in using some of the
techmiques, particularly to help surmount the danger of over-dependence on the supply

chain for information

It 1s relatively rare for small firms to engage 1n formal technology lookahead processes
The literature makes 1t clear that small firms are not very comfortable with any form of
strategic planning, and there was only one small firm 1n this research sample (out of a
total of 21 small firms interviewed) that appeared to have a formal approach to

technology lookahead As a result it was not practical to try to assess best practice
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empirically, and instead, a literature review 1s presented in Appendix IV which considers
the sutability of various techniques for small firms, based on the understanding of small
firms gamed through this research In this section, a brief summary of Appendix IV 1s
presented. The aim 1s to mghlight the practical alternatives for small firms in addressing

the 1ssues raised by this research.

The first technique suggested 1s monitoring and scanning the technological environment
This 1s something which all firms do anyway, but often 1t 15 done subconsciously and
without any recogmtion of its significance It mnvolves utilising the sources of
information 1n the nnovation environment that have been discussed already in this
chapter There may however be some benefits in taking a conscious and systematic
approach to information gathering This makes 1t clear to everyone mvolved that 1t 15 a
strategically important activity, and helps to ensure it 1s not overlooked The approach
should be tailored to suit the relative stability or turbulence of the industry environment
(Raymond et al,, 2001) The development of specific technologies can be regularly
monittored n detail where appropriate, but it also worth scanning the environment in a
broad but less detailed way, in order to be aware of developments emerging from

unexpected quarters such as other industries.

While monitoring and scanning can give indications of the future direction of
technology, they are mainly concerned with what 1s happening 1n the present. There are
a number of techmques which are designed eirther to forecast the future of particular
technologes, or to generate a number of potential future scenarios. In the electronics
industries, technological progress has often followed a clear trend-line (such as Moore’s
Law (Palmer et al, 1999)). By plotting technology trend curves, a firm can in theory
predict the future performance of a technology. This 1s useful when competitive
advantage 1s based on a single technological parameter — for instance microprocessor
clock speeds — but does not predict 1f or when customers might become more mterested
in (for example) price rather than speed. Most small firms would not have the necessary
knowledge to develop theirr own technology trend curves, and the benefits in doing so are
limited for most compames where products are often based on a combination of
technologies with many different performance parameters Instead, it 1s sometimes
possible to access technology trends published by industry associations Otherwise, the
main potnt for small firms to understand 1s that technological progress tends to follow an

S-shaped curve over tine, rather than a straight line. Although progress may be slow 1n
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the early days of a new technology, 1t 1s likely to accelerate — and conversely fast rates of

development 1n more mature technologies are unlikely to be sustainable.

Technology trends based on technological parameters may be restricted in ther
usefulness to sectors like the electronics industry where incremental innovation tends to
play a sigmficant role. A more genenc approach to technology trends comes from
bibliometrics, a technique for counting patents and publications. For example, a sudden
explosion 1n the number of patents concerning a particular technology would imply that
this technology mught have a sigmficant economic impact 1n the future. As discussed 1n
Appendix IV, however, patenting activity vartes from country to country and from
industry to industry, and the timing of any increase cannot be used to accurately predict
the uptake of a technology This techmque 1s therefore unlikely to be of any great use to

small firms 1n planming their technology mvestments

An alternative approach to obtaming a future view of technology is to gather expert
opinton on the subject. Small firms are rarely 1n a position to be able to commission
major surveys of expert opinon, but they can make use of the published findings from
government- and industry-sponsored studies. These findings are usually at a fairly broad
level, and will need to be interpreted for the particular circumstances of the company. In
the UK and eclsewhere, national Foresight exercises have been conducted (Foresight
Website} which are described m Appendix IV. In the UK, a vanety of different
programmes have been undertaken, focussing on different sectors and themes. The aim
has been to draw together stakeholders from across the community to discuss what might
be expected 1n the future, and what can be done to bring about a desirable future. Small
firms can use the outputs of this process to give them background information about
unfamiltar market sectors, and to gain credibiity and funding for technology
developments in areas that have been identified as strategically important through
Foresight (Reid, 1996). It appears at present that the Foresight process in the UK 1s
being scaled down, so companies may have to look to studies at the European level for

similar information 1n the future.

Industry roadmaps provide another means of accessing expert opinion on the future of a
particular industry sector These tend to be sponsored either by governments (where an
industry 18 believed to be critical to national interests) or by idustry associations. The

roadmaps capture the consensus of opinton on the future direction of the industry, and
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sometimes highlight the key technological challenges which may need to be overcome to
achieve this In the electronics industry, industry roadmaps are strongly linked to
technology trends such as Moore’s Law, and are no doubt mstrumental in ensuring that
the trends are continued. Industry roadmaps are shaped to a certain extent by key players
within that industry, and can therefore be a useful gmde for smaller firms who are

interested 1n the direction industry leaders are likely to take.

Having discussed means of obtaming technology lookahead information above, some of
the tools and techmiques for technology planning are now considered. The timing of
investment 1n new technology (either by acquinng 1t or developing it) can be very
difficult for small firms to judge, since there can be market share advantages in adopting
early, but there can also be higher costs with an unproven technology. Economists have
attempted to model technology adoption decisions, and this Iiterature 1s also reviewed 1n
Appendix IV The main concluston from this however 1s that the complexities of the real
world make 1t very difficult for economsts to apply these models, and they are extremely
unlikely to be of any practical use to a small company manager. Perhaps of more
relevance are the trends of technology substitution and market diffusion.  There are
models which can be used to predict the cumulative take-up of new technologies over
time, which follow an S-curve similar to that of technological progress against time.
Unfortunately the predictive power of the S-curve 1s dependent on an accurate estimate
of the market saturation level, which 1s difficult to achieve. Market consultants may be
able to assist in this process, but can at best provide a good guess. Market diffusion or
lifecycle models are helpful in dentifying the likely pattern of sales over fime and in
anticipating obsolescence. They also draw attention to the fact that different types of
customers adopt technologies at different stages of the hfecycle, and that
correspondingly, different features will be important at different stages in the lifecycle
One final 1ssue to do with timing 1s the overall state of the industry. Industnies, as well as
markets, follow a lifecycle curve This curve does not lend itself well to bemng plotted
with real data, but 1s useful as a conceptual tool. Technological performance tends to be
critical 1n the early phases of the life of an industry, while cost becomes domnant as the
industry matures — this can mean that product innovation is important early on, while
process innovation 1s more significant in the later stages If a firm 1s able to judge the
state of the industry, then their efforts can be focussed towards performance enhancement

or cost reduction.
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In Appendix IV, two planning frameworks are described which can be used to help make
decisions about how and when to acquire or develop new technology. These
frameworks draw together all the business and technological issues such as customer
expectations, external environmental factors and adoption timing factors such as
technological risk and likely competitor actions. The first framework 15 scenano
planning, which typically focuses on a time frame of 5-20 years (where uncertainty
becomes much greater) Having defined the scope and time frame of the study, the key
stakeholders within the company should be identified, and then the key drivers and
uncertainties that are likely to affect the 1ssues under question. Through the process of
generating a range of potential outcomes, 1t 18 possible to 1dentify some of the important
factors which are likely to affect the business and to be more prepared for change

(technological or otherwise)

The second framework 1s generating product-technology roadmaps at company level.
There are a wide variety of roadmaps 1n use, but often they involve mapping external
events, technology developments and product developments against a time axis, and
looking at the interactions between these elements. The time frame vanes from firm to
firm, but usually starts with the present (unlike scenario planning) Company roadmaps
have typrcally been used by large companies rather than small companies, but there 1s
evidence that they are a useful commumication tool for aligning business and technology
strategies, and for demonstrating to potential customers that the company 1s
technologically ready for the future Using roadmaps, customers and suppliers can align
their technology strategies where there is mutual benefit in doing so  Another benefit of
using either scenario planming or roadmapping comes from the discipline of preparing

detailed documents, which requires the participants to consider the issues properly.

As indicated above, not all of the toolkit of possible techniques described here will be
appropriate for individual small firms Indeed, for some firms it may be enough 1f they
simply develop a forward- and outward-looking attitude which allows them to make
good use of the imformation sources in their daily environment Other firms will
however benefit from using some of the techniques to formalise the process of

technology lookahead and therefore give prionity to their future technological capability.
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8.3. Overarching Themes

From the research presented in this thesis, it appears that a low priority is given to
technology strategy by the majority of the small firms and by those in the larger firms
responsible for supplier development Although this was often attributed to lack of time,
1t reveals the lack of importance attached to technology lookahead activities Information
acquisition 1n two of the compames was seen as a lunchtime or after-dmner activity —
something to be done as a hobby, rather than something with serious business

implications

Technology lookahead was however almost certainly taking place to a greater or lesser
degree, since the majonty of the firms interviewed were reasonably mmnovative The
firms clearly did not recognise the processes by which this was occurning, and the author
1s now of the optuon that these strategic activities must happen alongside the more
mundane, day-to-day activities. As suggested in Chapter 7, companies may for example
be prcking up strategically important information at the same time as finding information
to resolve a technical problem that has just come up. In Chapter 6, concurrent
engineering mvolving suppliers was 1dentified as a route through which strategic
technology information might be commumcated, even though that type of collaboration
only concerns a current project with a relatively near time honzon. Further research
would be needed to explore these hypotheses, which would probably have to be
conducted through participant observation since there 1s no guarantee that those mvolved
in the process would recogmse the strategic dimension to their activity. One of the
dangers of failing to recognise these strategic processes is that they can easily be blocked
or damaged accidentally, by changes in the way things are done or changes 1n personnel.
If a single mndividual 1s acting as a condwit for strategic technological information and

that is not recognised, the process 1s very vulnerable

The research revealed the need for small firms to look beyond their familiar environment
— beyond their customers, suppliers and trade associations The supply chain and trade
associations can of course be vital sources of information and should by no means be
1gnored, but it is too easy to become complacent in a closed environment, and unaware of
disruptive technologies which may transform or even destroy an industry. As discussed
m Chapter 2, firms need to be embedded in a vanety of networks 1n order to capture

relevant information It has however been suggested that 1t 1s not always the strong ties,
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such as those with customers and suppliers, that stimulate innovation, but weak ties with
companies and mdividuals from different backgrounds that challenge the status quo
(Granovetter, 1982; Bryson and Daniels, 1998).

Another way in which small compames are challenged to consider new 1deas is through
browsing sources such as journals and the Intemet While the author would recommend
formal processes for technology lookahead such as systematic monitoring and scanning,
there 1s a place for serendipity and letting the 1deas present themselves Thus does require

a “prepared mind”, so browsing and formal searching are complementary activities.

It can be difficult for small firms to step outside their comfort zone and investigate
unfamihar technologies There are a number of reasons for this: firstly, they may not
know where to look for the information they need. Secondly, they may not know the
nght keywords with which to search, or may not understand the technical jargon used,
particularly 1f the technology is associated with a different industry sector. Thirdly, they
may be limited by their own level of knowledge as to whether they can grasp the
potential significance of the technology to their business. In larger firms, there tend to be
more subject specralists employed, and so it is more likely that there will be someone
else who can help to make sense of the information. In contrast, those 1n small firms
often have to take on multiple roles for which they have had no formal traming or
education, and so 1t 1s much harder for them to absorb information concernmg unfamiliar
topics and then transform that into product or process innovation (Cohen and Levinthal,
1990). This relates back to the second powint again — understanding jargon and
identifying keywords depends on the ability and experience of the searcher. Some of
those interviewed during the course of the research clearly found themselves out of their
depth when trying to investigate alternative markets and alternative technologies. Others
were able to get a long way using the Internet, and through trial and error were able to
home 1n on what they needed to know This type of skill and experience can be found 1n
small companies as well as 1n large, but 1t did appear to be lacking 1n the less innovative

small firms

For companies with less skill and breadth of experience available to them, 1t can be a
very time-consuming business to find and digest relevant information about potential
new technologies Even though there 1s much “free™ information available via the

Internet, the cost of spending days sifting through 1t is quite significant. There may be a
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role for small business support organisations or consultants to assist small firms 1n this
process of mnvestigating alternative technologies, 1f this could be done relatively quickly
and cheaply. The challenge would be for the external agent to understand both the
technology under question and the nature of the small firm’s business, in order to assess
the swtability of the technology for that firm. This process of translation is very
important, since 1t 1s of little use to a company for someone to tell them all about a new
technology 1f they are left none the wiser as to how they could use 1t Another possibility
(as outlined in Chapter 7) might emerge as Internet technology develops, which could
avoid the cost of the personal service suggested above An on-line service with a highly
developed user interface might be able to assist those with very little knowledge of how
to search for such information, although 1t would not be able to provide any

recommendations regarding the suitability of technology adoption for any one firm.

These 1ssues are not simply the problem of small companies struggling to develop their
own technological capability — they affect the value chains n which those small firms
operate If large systems integration companies want their small suppliers to continue to
provide technologically advanced sub-systems, they may need to consider further how
they can support their suppliers n identifving, acquinng and developing new
technologies It 1s i the interest of the systems integrators to ensure that their suppliers
are updated on developments from other industnes and that they are able to look beyond
the technology requirements of the next order. Thts may requre them to provide
seminars or other means of disseminating technological information, or to make their
technology specialists available to suppliers. (It also suggests that 1t may be important
for systems integrators to continue to maintain technology specialists or “gurus” within
thetr orgamsations, for the sake of their own technology lookahead as well as that of their

suppliers )

Part of the reason large firms have not given this type of support to their suppliers
appears to be faith in market forces: that if their suppliers are not able to meet therr
requirements for high technology at a low cost, then someone else will. There appears to
be hittle recognition that by outsourcing design and manufacture, they have outsourced
most of the costs of technology lookahead and the nisks of technological innovation to
firms with fewer resources. This may not be sustainable 1n the long term, and the market
may not always provide. It 1s possible that large international technology-based firms

may step 1n to fill the gap 1f small UK manufacturers are unable to compete, and further
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research would be necessary to identify whether industry dynamics are changing in this
way For the aerospace and defence industry, however, 1t 1s possible that the volumes
would not be high enough to interest larger firms, and there may also be security 1ssues 1f
key technologies are not available from UK firms. Supporting the existing suppliers in

developing their technological capability may be the best option.

Technology lookahead 1s simply a first step towards developing technological capability,
and there are particular challenges for companies trying to integrate technologies where
they may not traditionally have had the skills and expertise to do this. Further research 1s
needed to investigate how firms can develop or acquire the necessary expertise — whether
through technological alliances with other small firms, or by recruitment or training.
That first step of gaiming awareness of future technology needs and opportumties 1s

nonetheless vital, and deserves greater recognition from large and small companies alike

8.4. Summary of Research Findings and Statement of Contribution

The aim of the research presented in this thesis was to identify and evaluate mechanisms
for maintaining and developing technological capability in small manufacturing
suppliers. Through a scoping study based on interviews with small firm managers,
“technology lookahead” (the process of anticipating the technological future) was
selected as an important mechanism to be investigated. This research investigates how
small manufacturers interact with the innovation environment around them in order to
obtain the information they need to foster technological capabilities appropnate to future
market requirements. This question has not hitherto been directly addressed in the
academic literature and therefore the research presented in this thesis provides a unique

perspective.

The literature review and the scoping study identified customers as a dominant influence
for small firms n technological mnovation, but also revealed that over-reliance on
customers left their suppliers commutted to short-term technology strategies that might
not benefit them beyond the next order The in-depth research into technology lookahead
was therefore divided 1nto two parts. first to explore the impact of customer-led supplier
development programmes through case study research; and then to evaluate the

suppliers’ own information acquisition processes (1in looking outside the value chain) via

surveys and interviews




The study of supplier development programmes addressed a number of gaps in the

literature

¢ by identifying technological development as a supply chain management 1ssue

e by approaching supplier development from an engineering perspective rather than
from a procurement perspective

e by directing research effort towards studying the development of technological
capabilities rather than dwelling on quality, cost and delivery performance

* by exploning how suppliers perceive supplier development programmes instead of
focussing exclusively on the buyers’ perspective (Krause, 1997; Krause et al., 2000)

It was found that the supplier development programmes studied did little to address

technological 1ssues directly, which 1s consistent with the priorities 1dentified in previous

research (Krause and Handfield, 1999, Watts and Hahn, 1993) They did however

appear to facilitate technology lookahead indirectly, by building up relationships of trust

between customer and supplier firms which were more conducive to the transfer of

strategic technology information. The involvement of engineers in the supplier

development process was identified as an important part of this process but was not

always achieved

The contribution of the information acquisition research was 1n addressing the following

gaps m the literature:

¢ by studying how small firms percerve thetr own information needs (which may drive
them to seck technological information)

e by looking for evidence concerning how small firms acquire strategic technology
information

The research also built upon the existing literature 1n developing the understanding of

information acquisition processes.

The small firms studied were found to make active use of a wide vanety of information
sources beyond the supply chain (consistent with previous research e.g. (Lambert and
Barber, 1998)), but were generally not consciously seeking strategic technology
mnformation Instead, 1t 1s probable that technology lookahead was occurning naturally
alongside information-seeking conducted for more routine, operational purposes

Innovative activity appeared to stimulate the companies to seek more external

information (thereby laying the foundations for future innovation), but acquinng
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information about unfamiliar technologies or markets sometimes presented difficulties
such as identifying switable sources, ascertaining the right keywords and having
adequate background knowledge to be able to understand the information (cf. (Vos et al,
1998; Cohen and Levinthal, 1990))

8.5. Limitations of Research

The lmitations of the research have been addressed in previous chapters and are
summarised below. firstly the limitations of the research methodology, and secondly the

limitations in terms of generalising the research findings.

8.5.1. Limitations of Research Methodology

The overall sampling strategy could have benefited from greater consistency in targeting
companies 1n the aerospace and defence sector. Broader criteria were used to select firms
for the scoping study and for the information acquisition research, on the basis that the
processes of interest could be seen 1n any small traditional UK manufacturtng company
The sample selection for the supplier development research could have been improved by
including a larger number of supplier firms 1n the study, and 1f the suppliers had not all
been nominated by the customer The selection of suppliers for interview 1s likely to
have biased the results towards those companies where the customer believed supplier
development was working well — but mught therefore have provided a showcase for the

processes of interest to the research.

In terms of data collection, 1t would have been desirable to conduct a greater number of
interviews as part of the first supplter development case study, particularly to access the
views of members of a supplier development team. For the first information acquisition
survey, the response rate was disappomnting and may have been improved by
administering the survey by telephone rather than by post. The results of that survey and
the consequent selection of companies for interview are not representative of small
manufacturing firms in the Midlands. Instead they are likely to be biased towards firms
which are perhaps more mterested in utithsing external sources of information and more
likely to be involved 1n technology lookahead The second survey and selection of firms
are also likely to be biased in the same way since the sample was drawn from an RTO

membership base
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The final factor which will have influenced the research findings is interviewer bias. A
second researcher was involved with many of the interviews to help avoid this, but it was
not possible for all of the interviews conceming information acquisition. The use of
other sources of evidence such as surveys and corporate matenal will have helped to

mitigate against this bias.

8.5.2. Limitations of Generalisability

The research presented in this thesis was targeted towards small, fawrly traditional
manufacturing suppliers operating within the UK supply chains of mature industries such
as aerospace, producing niche products 1n low volumes. The findings are therefore
Iimited mn terms of their apphcability 1n other types of companies, other industry sectors

and other locations.

Part of the research dealt exclusively with two aerospace and defence companies and
therr suppliers, and 1t would certainly not be appropriate to generalise the descriptions of
the supplier development programmes, since the nature of such programmes will vary
from firm to firm and also from country to country. Nevertheless, the finding that the
development of technological capabilities is given little emphasis in these particular
cases appears to be consistent with the existing supplier development literature. The
selection of case studies was deliberately targeted towards firms where supplier
technological capability was likely to be a prionty, so the author’s expectation 1s that
supplier development programmes in other companies or industries would be rather less
likely to focus on developing technological capability. The finding that the case supplier
development programmes helped to build relationships of trust between the buying firms
and their suppliers (thus facilitating technology lookahead indirectly) cannot be
generalised to all supplier development programmes, since 1t depends on the nature of the

programme and how 1t 1s admimstered.

The part of the research concerned with information acquisition and information flows 1s
likely to be more broadly applicable mn 1ts findings than the supplier development
research. This 1s reflected in the sample of companies used, which was not limited to
the aerospace and defence sector (although 1t was centred on traditional UK
manufacturing firms) There 1s no single approach to information gathering, and the
research findings do not provide a complete picture of information acquisition even

within one of the sample compames. The findings do however give an indication that in
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UK manufacturing at least, technology lookahead does not tend to be a conscious

process.

8.6.

Areas for Further Research

A number of opportunittes for further research were 1dentified through the literature

review in Chapter 2, and during the active phase of the research:

Industry dynamics within UK manufacturing ment further research.
o to establish whether the trend of outsourcing 1s continuing, or whether
there is a return to some form of vertical integration
o to determine whether the trend 1s for systems integrators to outsource
more sub-systems and sub-assemblies to their traditional small suppliers
or instead to large interational technology-based firms
Existing research suggests that small innovating firms are no more profitable or
productive than non-mnovating small firms, nor more likely to grow in terms of
sales or employment (Freel, 2000; Souder and Song, 1997) There is a need to
discover why small firms do not appear to accrue benefits from innovation 1n the
same way that large firms do
The development of small firm technological capability 1s influenced by many
external and internal factors, and this research has only investigated the links
between small firms and therr innovatton environment, and flows of information.
There 1s an opportuntty for further research into the effects of:
o Current economic climate (eg. funds available for technological
development and recrurtment)
o Government policies (e.g availability of R&D tax credits or training and
educatton policies)
o Legislation (e g product end-of-life 1ssues)
o Top management (e.g. attitudes towards innovation, risk and strategic
technology planning)
o Employee skills (e.g. education and training)
There are spectfic challenges for firms which need to integrate new, unfamiliar
technology into their products alongside their existing technology. There are
research opportunities to explore how the necessary expertise can best be developed
or acquired (e.g. through technological alliances with other firms, by recruitment or

by training existing personnel).
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8.7.

Strategic technology management 1n small firms has not been directly studied, since
it 1s unusual for small firms to take such an approach The best opportunity to
address this gap in the literature might be to conduct a programme of action
research This would require researchers to stimulate technology management
activity within small firms, acting as participant observers

The process of technological mnnovation tends to be examined at the level of the
indwvidual firm 1n the literature. While the research presented in this thesis has
begun to address technological development as a supply chain issue, there 1s a real
opportunity for researchers to develop this further and take a systems approach to
technology in the supply chain.

Early supplier involvement 1in new product development may have an influence on
the supplier’s long-term technological capability. This influence mernts further
exploration and may anse through the informal exchange of strategic (longer-term)
technological information during discussions focussed on the current project. Those
involved in the new product development might not even be conscious of the
strategic aspects of their dialogue and participant observation would probably be
necessary to 1dentify such influences

Further research using participant observation could also be used to establish
whether companies acquire strategic technology information alongside the short-
term information they need to solve problems on a routine day-to-day basts.

Supplier development programmes have established routes for improving quality,
cost and delivery, because the business processes involved are reasonably well
understood There may be an opportunity to develop a business process model
which encompasses longer-term activities such as technological innovation and

planmng, which could then provide gmdance in improving these activities.

Chapter Summary

This chapter began by reminding the reader of the context of the research, in terms of the

business and technological dnvers which make 1t so important for firms to be able to

develop appropnate technological capability  Next, the role of the innovation

environment 1n providing technology lookahead information was discussed by drawing

together the research findings from Chapters 6 and 7.
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A review of tools and techmques for technology lookahead was then presented 1n order
to highlight some of the practical options available to small firms 1n tackling the concerns
raised by this research. Next a number of key themes from the research were identified,
followed by a summary of the overall research findings and orniginal contribution. The

limitations of the research were revisited and finally a number of opportunities for further

research were 1dentified.
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Appendix L.

Evidence for Downsizing

Research by Tether and Storey (Tether and Storey, 1998) suggests that during the 1980s
large companies 1n high technology manufacturing were downsizing while more small
firms emerged to supply the products and services that were formerly provided in-house
The research 1dentified a phenomenon where employment 1n a particular industry sector
decreased but the number of business units increased, contrary to the normal lifecycle
pattern for an industry. This phenomenon can be explained by a reduction in the number
of large enterpnses where employment 1s usually concentrated, alongside an increase in

the number of micro and small enterprises.

Table AL1 Change in number of enterprises in UK between 1985 and 1994

UK SIC (1980)/ NACE- | Employment Size Group
70 Industry D
fidustry Livision 10 |10-19 |20-49 |50-99 |100- |200- |500- | 1000+ | Total
199 499 999

32 Mecharncal ++ + ++ + + - - ++
Engineering

33 Office
Machinery and

44+ ] 4+ | 4+ ++++ | | | +++

Data Processing
Equipment

34 Electrical and
Electronic +++ |+ 4+ +++ + + - ++
Engineering

35 Motor Vehicles | ++ + + + ++ ++ ++ - +
and Parts

36 Other transport
equipment (incl - _ N i + . S+ ++
Aerospace)

37 Instrument ++ |- ++ ++ - + + ++
Engineering

21- All production ++ ++ + + +

49

+ increase of 5% or more - decrease of 5% or more

++ increase of 20% or more -- decrease of 20% or more

+++ increase of 40% or more -— decrease of 40% or more

++++ mcrease of 100% ormore  ----decrease of 100% or more

The author has performed further analysis on UK manufacturing industry data (Office for
National Statistics, 1985-1999), to try to establish whether this trend continued beyond
the 1980s. Due to a change 1n the Standard Industrial Classification in the UK, the

All




periods 1985 to 1994 and 1995 to 2002 are considered separately. Table Al 1 shows the

change 1 the number of legal enterprises 1n some of the engineenng-based sectors over

the earlier pertod. It can be seen that between 1985 and 1994, there was an ncrease n

the number of enterprises 1n all of the manufactuning divisions shown here 1t 1s also the

case that apart from m SIC (1980) Divisions 33 and 37, the number of large companies

(over 1000 employees) tended to fall or remain unchanged, but the number of micro-

sized companies increased quite sigmficantly. Companies with 20 to 100 employees also

increased 1n numbers

Table AL2 Change in number of enterprises in UK between 1995 and 2002

UK SIC (1992)/ NACE | Employment Size Group
Rev 1 Indust
Divsion 19 | 1019 | 2049 |[5099 |100- [200- |500- | 1000+ | Total
199 499 999
28 Fabricated metal - - - - - -
products
29 Machinery - - - - - - -- -
30 Office
Machinery and )
Computers - } - - ) - ==
31 Electrical - - + + ++ -- -
Machinery
32 Radio, TV and
communications +
equipment B B - ++ ++ -
33 Medaical,
preciston,
optical and ) . - - + -
timing
mstruments
34 Motor vehicles | + + + + ++ +++ +
and trailers
35 Other transport - + ++ -
equipment (incl
Aerospace) - ) i
36,37 | Unclassified ++ - - + - it
manufacturing
15- All - - - - - - - -
37 manufacturmg

+ 1ncrease of 5% or more

++ increase of 20% or more

+++ 1ncrease of 40% or more

- decrease of 5% or more

-- decrease of 20% or more

-— decrease of 40% or more

Table Al 2 indicates that the increase mn the number of enterprises was not sustained

through the second period, from 1995 to 2002 Overall, the number of enterpnses fell,
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and this was true 1n all mndustry divisions apart from 1 SIC (1992) Divisions 34 where
numbers rose and Divisions 28 and 36/37 where the numbers remaimed at the same level.
The overall reduction was by a sumilar proportson across each of the employment size
groups, apart from the band with between 500 and 999 employees where numbers of

firms were relatively unchanged

The reclassification makes 1t difficult to compare the two periods with a high degree of
confidence. Nevertheless, comparing the number of manufacturing enterprises between
1985 1111 1994 (using SIC (1980) Divisions 21-49), and between 1995 to 2002 (using SIC
(1992) Divisions 15-37) suggests that there has overall been an increase 1n the numbers
of small firms and a decrease 1n the numbers of large firms (see Table Al 3). This 1s not
the result of a steady trend, as can be seen 1n Figs. ALl and AL2 which show how the
numbers of enterprises have varied for companies with between 1 and 49 employees, and

those with over 1000 employees

Table AL3 Change in number of enterprises in UK between 1985 and 2002

% increase {or decrease) in
Employment [numbers of firms from 1985
Size Group to 2002
1-9 10
10-19 8
20-49 5
50-99 -5
100-199 -19
200-499 -24
500-999 -26
1000+ -28
All firms 7
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One classification which remained similar through both time periods was "manufacture
of awrcraft and spacecraft” [SIC (1980) 364 0 and SIC (1992) 35.30]. Fig. AL3 shows
that over both time periods, there was an overall increase in the numbers of smaller firms

but a decrease 1n the number of large firms with over 1000 employees.

The industry dynamics 1n the aerospace sector cannot be generalised, and the number of
enterpnses 1n each sector will be influenced by the maturity of the mdustry cycle (in
terms of growth or dechne) and overall economic conditions such as interest rates and
currency strength  The classification system 1s also not particularly helpful in separating
out the sectors where technological mnovation is critical There may be an opportunity
for research into the supply networks 1n different high technology manufacturing sectors,
to map the size and numbers of firms at each level of the supply chain, and therefore to
deepen the understanding of the mteractions and contributions of each type of firm 1n

innovation.

Certam conclusions can however be drawn from the analysis presented here and from the
research of Tether and Storey (Tether and Storey, 1998). It 1s clear that during the 1980s
and early 1990s, small companies began to play a more important role in high technology
manufacturing  This comecided with increased outsourcing by large companies and
downsizing activity. During recent years, there appears to have been a slight reversal in
the trends of company size, but this perhaps should not be interpreted as a reversal 1n the
sigmficance of smaller companies, but rather as a reflectton of concerted efforts by large
companies to rationalise their supply base, and of the overall economic conditions The
mmportance of technological mnnovation for smaller companies has therefore increased
throughout the 1980s and 1990s* firstly in undertaking more manufacture and design as 1t
was outsourced by larger companies, and secondly in distinguishing themselves from

their competitors 1n order to survive the rationalisation process
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Local units manufacturing in UK aerospace sector
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Appendix IL.
UK Acerospace and Defence Industry

This appendix outlines the structure of the UK aerospace and defence industry, in order
to set the context for the case studies described 1n Chapters 5 and 6. The case studies
concerned the supplier development programmes of two systems integration companies,
“Aero-Electronic Systems” (AES) and “Aero-JV (UK)” (AJV). At the outset of the
active research phase mn December 1999, these two compamies were completely
independent. Not long afterwards, however, AES was involved in a merger with one of
the parent companies which formed the joint venture AJV  Thus is fairly typical for this
complex and rapidly evolving industry, which has seen numerous consolidations 1n the
last decade. It 1s therefore only possible to provide an indication of the industry and
supply chain structure as 1t was at the time of the research. Thus analysis 1s based largely
on data from the Society of British Aerospace Compames (SBAC) and on discussions

with Sarah Greaves and Melvyn Greaves, both of Rolls Royce plc.

The aerospace and defence industry 1s commonly divided into three major industry
sectors and three major product segments (Brock, 2003).
The industry sectors are

1. Systems and airframes — complete systems of and/or airframes for aeroplanes,
helicopters and gliders, missiles, space vehicles, satellites, launchers and ground
mstallations etc, their subsystems and parts, spares and maintenance; service
providers, consultants etc. for the above.

2. Engines — piston engines, turboprops, turbojets, jet engines, their subsystems and
parts, spares and maintenance, for installation 1n aircraft systems; engines, their
subsystems and parts, spares and maintenance, for installation in missile systems,
propulston devices, their subsystems and parts, spares and maintenance, for
installation 1n space vehicles, satellites and launchers.

3. Equipment — fimished products, subsystems and parts, spares and mamntenance,
also for test and ground-traming equipment, for installation in amrcraft systems,

mussile systems, space vehicles, satellites and launchers

The distinction between systems & airframes and equipment can seem rather blurred, but

generally the first category focuses on the major structural elements of the amrcraft,

missile or spacecraft The majority of SMEs within the aerospace industry are equpment
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companies supplying to systems & aurframes and engines manufacturers {SBAC 2000
#1850}. Equipment can be sub-divided into the following categores. arrframe
equipment, avionics, components & machining, computer systems & software, design &
development, distnbutors, electrics & electronics, environmental control& life support,
flight controls, fuel systems, furmshings & mterior equipment, ground equipment &
communications, landing gear, maintenance, repair & overhaul, powerplants, testing &
certification and other services mcluding general aviation services, consultancy services
and tramning (SBAC, 2003)

The product segments are
1. Aircraft — arcraft systems and airframes, engines and equipment
2 Missiles — missile systems and airframes, engines and equipment

3. Space — space systems and airframes, engines and equrpment

The position of the case study companies within the industry can therefore be located as
shown 1n Table AIL1. As AES provides electronic systems, 1t falls within the equipment
ndustry sector, as do 1ts supphers (referred to as AES-S1, AES-S2, and AES-S3). The
chief product sector for AES 1s aircraft (although 1t 1s also mvolved in other defence

systems such as naval defence which do not strictly fall within the aerospace industry)

AJV provides complete missile systems and therefore falls within the missiles product
segment and the systems and atrframes industry sector. Suppher AJV-83 1s directly
involved 1n design, providing consultancy services and therefore may be considered to
fall within the systems and arrframes sector. The other two suppliers, AJV-S1 and AJV-

S2, provide electronic components which fall within the equipment sector.

Since AES-S3 and AJV-S1 are actually the same company, 1t demonstrates the
complexity of categorising the suppliers, since they can be part of a number of different

supply chains. All of the suppliers involved 1n this research also had customers outside

the aerospace and defence sector




Table AIL1 Location of case study companies within UK aerospace industry structure (fable
adapted from (SBAC, 2000))

Industry Sector
Systems and E E ¢
Airframes ngInes quipmen
AES
- Ausrcraft (civil, AFS-S1
S military and
gn hehicopters) AES-82
$ AES-S3
E
3 AJV AJV-Sl
£ Mussiles
& AJV-§3 AJV- 2
Space
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Interview Instrument for Scoping Study




1. Interview Information

_Company Name

Date and Place of Interview  Date Place

Interviewer

2. Company Contact Information

Postal Address

_Telephone Number

_Fax Number

E-mail Address

3. Background Information

WebSite

_Number of Employees

_Turnover

When was company
_established?

How was company
established?
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Is the company independent,
or part of a group?
Parent company name?

What kinds of people are
employed {in terms of
_educational profile)?

Is any internal R&D
performed?
_{Product or process)

- If s0, what type and scale of
activity does this include?

4. Range of Products and Services

Description of product range




Describe typical product
lifecycle

- Forward planning?

Any examples of new
products, processes or
technologies which the
company have introduced?

What influences the decision
to invest in a particular
product, process or
technology?

What strategies are used to
implement the new product,
process or technology?
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What are the biggest
technological challenges
facing the company at the
moment?

5. Relationships with Customers and Suppliers

Describe relationships/
interactions with customers

Describe relationships/
Interactions with suppliers

Are customers predominantly
large companies or small
companies?
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Where are they based
_geographically?

Does company do any
design work for its
customers?

Has it made changes tc a
product for a customer?

Has the company ever been
encouraged to invest In new
technology by customers?

Has the company had to

change any business

processes to be able to work
_with particular customers?

Are suppliers predominantly

large companies or small

companies? - o
Where are they based

_geographically?

Do any suppliers have to put
in design effort to meet the
company's requirements?

- If yes, does this mean
they design to a set
specification, or is a
design team set up with
engineers from both
companies?

- If no, are they supplying
standard parts, or does
the company provide
them with a design they
can manufacture?




6. Sources of Information

What external sources of
information are useful to the
company In providing 1deas
for new products or
processes?

What internal resources are
important to the company for
generating new product and
process ideas?

What is the relative
importance of internal and
external resources in the
nnovation process?




6.1 External Organisations

Does the company belong to
a Trade Association?

(Which?)

Is the company involved with
a Professional Institution?

(Which?)

Is the company a member of
a Chamber of Commerce?

Has the company had
contacts with a Training and
_Enterprise Council?

Has the company had
contacts with Business
Links?

Has the company had
contacts with an Innovation
Relay Centre?

USEFULNESS
Generally Innovation Technology Making
Ideas Lookahead Contacts
Y/N Why? ‘
i
Y/N Why?
Y/IN Why?
Y/N Why?
Y/N Why?
é
Y/N Why?




Has the company had
contacts with a Business
Innovation Centre?

USEFULNESS

Generally Innovation Technology Making
Ideas Lookahead Contacts
YIN Why?

Has the company had

contacts with another

enterprise or intermediary
_organisation?

YIN Why?

(Which?)

Does the company get
advice from a bank e.g.
through a small business
advisor?

YIN Why?

(Which?)

Has the company used
consultants to guide the
direction of the business?

YIN Why?
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USEFULNESS

Generally Innovation Technology Making
ldeas Lookahead Contacis
Is the company a member of  Y/N Why?
a Research and Technology
Organisation?
(Which?)
What contacts has the Why?
company had with
Universities and Colleges?
Which universities and colleges?
- Research projects? YIN
- Student placements? Y/N
- Teaching Company Y/N
Scheme?
- Academic Consultants? YIN
- Other? Y/N
Has the company ever been  Y/N Why?

involved in a UK or European
funded collaborative project?

“(What?)
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USEFULNESS

Generally

Has the company ever been  Y/N
involved 1n any other form of
collaboration or partnership?

Has the company received YIN
any particular awards or
accreditations?

Innovation Technology
L.ookahead

Contacts -

3
i

“(Which?)

6.2 Other External Sources

Does the company use a
_patent searching service?

Has the company registered
itsown patents?

Has the company bought
licences to use technology
from other organisations?
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Does the company license
technology to other
organisations?

Has the company ever made
innovations in response to
new legislation or product
standards?

Do employees attend
" exhibitions or conferences?

- To pick up information?

- To present conference
papers or seminars?

- To exhibit products and
services on a display
stand?

What 1s useful in terms of
reading

- Web?

- Trade Magazines?
- Books?

- Journals?

- Mailshots?

7. Additional Information
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AIlIL2
Interview Instrument for Supplier Development Study

- Systems Integrators

Interviewee Background

Description of career background; perception of current role

Perception of SD scheme

Open question about how the interviewee secs the scheme; what is 1ts man function;
what are the important elements 1n it; which suppliers are included (and what happens to
the other suppliers), who does it benefit; who are the “champions™ of the scheme; open
questton about whether the scheme 1s helping.

Backeround of SD scheme

Who mitiated and mmtially drove scheme, has the focus of the scheme changed; are there
any areas that cause conflict between different organizational functions when dealing
with supphers?

Technology elements of scheme

Ask for descnptions of particular elements/modules 1n the scheme relating to technology
and transfer of technology best practice; how do these work in practice, does the
mterviewee see 1t as the supplier’s responsibility to keep up-to-date or is it a joint
responsibility — 1e how far would they go in advising suppliers about which
technologies to 1nvest 1n; are engineers and technologists involved 1n supplier reviews;
does the interviewee anticipate that suppliers will be able to keep up with technology
requirements and is this seen as important?

Communication

Explore how many “lines of communication” are recogmzed between suppliers and
different functional departments; whether communication is both formal and informal
(1.e. does 1t take place outside of the processes of SD and will suppliers contact company
technologists for information); do they have a formal technology planning process such

as roadmapping (1f so 1s this communicated to suppliers?)
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AIIL3
Interview Instrument for Supplier Development Study

— Suppliers

Company Background

No. of employees, turnover; product range; mdustry sectors served.

Interviewee Background

Description of career background; perception of current role.

Customer Expectations of Company

What 1s expected of them 1n terms of design, innovation, and new technology, are these
expectations changing, what are project timescales and at what stage does the customer
mnvolve them?

Experience of SD scheme

Open question about how the interviewee sees the scheme {positive or negative), are they
mvolved 1n any other company SD schemes; 1f so, are there any conflicts in meeting
different customer requirements? What 1s their experience of (named) technology related
SD modules (where interviews with customer ndicates existence of such modules) and
best practice transfer?

Expectations of own suppliers

What types of suppliers do they have (s1ze and umqueness); what do they expect of their
suppliers 1n terms of design, innovation, new technology; are these expectations
changing; what are project timescales and at what stage do they involve them; do they
ever find suppliers unable to meet their technologtcal needs?

Mechamisms for technology “lookahead”

What mechanisms do they use for technology forecasting/watching (or other informal
means of capturing information about future technology requirements), do they make use
of technology “gurus” m customer firms or elsewhere; do they have a long-term
technology plan or roadmap (if so do they disseminate 1t to thewr customers or suppliers),
do therr customers disseminate technology roadmaps/”lookahead” information to them?

Commumcation

Do they have dealings with customer engineers/technologists (as part of SD or outside of
1t)?
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Alll4
Survey Instrument for Information Acquisition Study

- Midland Manufacturing SMEs
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Loughborough

="~ A
University

THE INNQVATION COMPANY

® o -] ] E [ ]

Information for Innovation Study

Innovation is essential for firms that want to succeed in today’s business environment. The need to
improve products and services 1s widely recognised, but new ways of organising the business, new
technology and new manufacturing processes may also bring advantage over competitors.

The aim of this study is to find out what information 1s needed by smaller-sized companies to help
them in all types of innovation. It will also investigate what are the biggest barriers that companies
face in finding this information. The research is funded by the Engineering and Physical Sciences
Research Council, and is being undertaken by Loughborough University with the support of Pera.

! would be very grateful if you would take the time to complete this questionnaire and return it in the
pre-paid envelope (alternatively fax back to 01664 501555)

SECTION 1 — Information Needs and Barriers

1. How important is innovation to your company?
[ Very mportant ] Fairly Important [] Not important

2. Does your company regard information/knowledge as strategically important?
(] Yes, very mportant [] Fairly Important [ No, not important

3. What are currently your greatest information needs?

4. What are the biggest barriers to finding or accessing the information you require?
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5. Inwhich of the following business areas are you likely to seek external information?

(Please indicate whether this is likely to be at senior management and/or operational level)

Senior Management  Operational Level

Customer markets
Supply chain management

Human resources and training

Strategy and planning O ]
Manufacturing M O
Materials management | |
Customer service U [l
Product and process technologies O 1
Information and communication technologies O 1
Legislation d O
Standards O 1
O O
O] [
O O
O O

Other (please specify)

6. What methods does your crganisation use to acquire external information?

[ Internet [[] Database Subscriptions

[J Trade Journal Subscriptions ] Consultants

] Universities/Colleges (] Research Associations

[] Small Business Service [] Informal Networks (word of mouth)
O Government (e g DTI, [] Other (please specify)

Regional Development Agency)

SECTION 2 — Background Information

7. How would you describe the nature of your business?

8. Number of employees:
1-9 10-19 20-49 50-99 100-199 200-499 500-999 1000+
[l L] ] ] O J L] J

9. What is your rele or job function within the organisation?

If you would be willing to discuss the information barriers and information needs for
innovation within your company, please provide your contact details below (or attach a
business card to this questionnaire).

Name Company.
Address
Telephone. Emaill
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AIILS
Survey Instrument for Information Acquisition Study

- RTO Members

NB

Only questions 4, 7, 13 and 18 have been analysed as part of the research presented here.
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==

THE INNOVATION COMPANY

-] @ 9 @ % a

" Pera Member Survey

Pera is committed to continuous improvement of the services we provide. To ensure that we
deliver valuable support to your organisation, we need to have your input. Please take a few
minutes to complete this questionnaire and return by Friday 30" November 2001.

SECTION 1 — Background

Name

Job title

Company

Email

_SECTION 2 - Perceptions of Pera

1. What terms do you associate with the name “Pera”? Please tick all the terms you
feel are relevant:

a) Production Engineering
b) Matenials Engineering

c) Manufacturing Processes
d) Technology Development
e) Innovation

f} Information

g) Knowledge

h) Manufacturing Consulting
1) Management Consulting
1) Traiming

OOoO0ooOooOoooao

k) Research

Others (please specify)
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2. Please advise which of the following Pera services that you are currently aware of, and any
that you currently use. Please let us know if you would like information to be sent to you,

on a particular service by ticking the ‘tell me more’ box.
Aware of Use Tefl me more
a) Enquiry Service ] C 0
b) Pera Express U O O
¢) Technical translation O L] L]
d) askpera com O [ O
e) Semnars and Open Days 0l O ]
f) Manufacturing Tramning O O O
g) Qualty Training H O O]
h} Leadership Development Traming [ O O
1} Six Sigma Training and Consulting [] O O
f}  Manufacturing Consulting O O O
k) Web Design Services O O L]
1) Product Development ] L] ]
m) Rapid Prototyping O O ]
n) Environmental Consulting O I Ol
0) Food Process Engineering ] [ O
p) Meeting and Conference Facilities [] O |

3. For you, what are the most important reasons for being a Pera member? Please rate the
following by assigning a score of 1 - 5,

1. Not at all immportant
2. Slightly important
3. Important
4 Very important
5 Extremely important
[Please circle one option]

Enquiry Service 1 2 3 4 5
Seminars and Briefings 1 2 3 4 5
askpera com 1 2 3 4 5
Abstracts Service 1 2 3 4 5
Discounted Rates for Training 1 2 3 4 5
Discounted Rates for Meeting and Conference Facilities 1 2 3 4 5
Access to Pera Technology 1 2 3 4 5
Access to Pera Consulting 1 2 3 4 5

Alll 21




3. Continued.......

Access to other Pera services (please specify) (Please circle one option]
1 2 3 4 5
1 2 3 45

SECTION 3 - Enquiry Service

4. What information sources do you regularly use? (please tick)

a) None

b) Internal Information Resources
c) Free sources on the Internet

d} Chargeable Sources Avallable Through the internet
e) CDROMS

f) Online Databases

g} Journals

h) Clippings / Abstracts Service

1} Electronic News Service

J) Pera's Enquiry Service

k} Another External Enquiry Service

OO000000000On

1) Other (please specify)

5. Have you used the enquiry service in the past 6 months? ] Yes [] No

If NO, please state any reasons why. (Please then go to question 9 next)

6. Are there occasions when you choose not to use us? ] Yes (] No

If YES, please give the reason.
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7. To help us understand your requirements, please look at the following statements
about why you use the enquiry service, and rate them as follows:

1. Never true

2 Occasionally true
3. Quite often true
4. Frequently true

I use the enquiry service..... [Please circle one option]
a) When | do not know where else to get the information 1 2 3 4

b) Because it 18 quicker than finding the information myself 1 2 3 4

¢) Because | do not have access to the databases that Pera has 1 2 3 4

d) When my preferred sources have drawn a blank 1 2 3 4

e) For technical information 1 2 3 4

f) For business information 1 2 3 4

g) When | need information concerning my own area of expertise 1 2 3 4

h) When | am working outside my own area of expertise 1 2 3 4

1) When [ know Pera has an expert consultant in that field 1T 2 3 4

i} Inthe early stages of solving a problem or starting a project 1 2 3 4

k) Throughout the life of a project 1 2 3 4

I} When | need information urgently 1 2 3 4

m) When | need to be sure my information 1s reliable 1 2 3 4

n} When I'm looking for analysis, not just bare facts 1 2 3 4

8. Please tick which attributes of the Enquiry Service are important to you, which you feel

could be improved and where you feel we do not currently meet your needs.

Important Could Do not
be improved meet your needs

Reliability (consistency of reply and dependability) 1 O

Responsiveness (willingness and timeliness) ] W dJ
Competence {service has the required skils and knowledge)  [] (] L]
Ease of Access J [ O
Courtesy of employees N O O
Communication (keeping you informed about your membership) [] ] |
Credibility {(we have our members interests at heart) 1 1 ]
Security (confidentiality of the service) | O] |
Good understanding of your needs ] O 1
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9. Currently enquiries are received by email, fax, or via our website. [ ]Yes I No
Would you like this extending so that enquiries are taken over the phone?

10. Which of the following areas of expertise covered by the Enquiry Service are you aware
of? (please tick)

a) Company Inteligence m) Productivity Techmgues

b} Intellectual Property Rights n) Human Resource Management
¢) Supplier Sourcing 0) Quaiity Management
d) Market Intelligence p) Legislation

q) Design Methods

r} Design Engineering

e) Business Environment Menitoring
f) Promotion and Selling Methods
g) Economic Information s} Matenals Selection
h) Management Theory
1) Standards

i) Health and Safety

k) Environmental Issues

) IT Strategy

SECTION 4 - Seminars, Open Days and Briefings '

11. Have you attended any of our open days or seminars [] Yes [] No
in the last 6 months?

t) Metallurgy
u) Electncal Engineering
v) Manufacturing Technology

Oooouoootdogd

w} Electronics

OD0ogoOoooOduood

If YES, how would you rate the event(s) on average:

[] Excellent J Good [] Average ] Poor
If NO, which of the following best describes your reasons?

(] Wanted to attend, but the tming of the event prevented me

[ ] Wanted to attend, but pressure of work prevented me

[] None were of interest

] Was not aware of events

12. What topics would you like to see addressed as part of our programme of seminars?
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SECTION 5 — askpera.com '

13. Have you used askpera.com? ] Yes (J No

If NO, why not? {Please go to question 17 next)

If YES:
How relevant would you rate the content of askpera.com (on average):

[ Very relevant [(] Some useful content [] Not relevant

14. Which features on askpera.com do you find useful? Please rate the following by
assigning a score of 1 -5.

a. Have not used

b. Not at all useful

3 Shightly useful

4 Useful

5 Very useful

[Please circle one option]

Abstracts 1 2 3 4 5
Downloadable Pera reports 1 2 3 4 5
Signposting of Pera expertise 1 2 3 4 5
Ability to submit on-line enquinies 1 2 3 4 5
Direct access to Dialog databases 1 2 3 4 5
15. Have you set-up the administration function of askpera.com? ] Yes [ ] No

If NO, Please state why not
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If YES, please rate level of difficulty in doing this. Was it......

Easy

Relatively Easy
Average

Difficult

Extremely Difficuit

O00n0n0

16. How could askpera.com be improved to better meet your needs?

SECTION 6 — Abstracts

Abstracts is a service that we offer where short summaries of articles published in various
journals are provided to you. You can request the full text of any that are of interest to you.

17. Would you find it helpful to receive bulletins of the latest (] Yes ] No
Abstracts available?

If No — go to question 21

18. Which format would you prefer these bulletins in?

] Paper format ] E-mail ] Available on our website

19. How often would you like to receive the bulletins? |

] Fortnightly [ Monthly [ Quarterly

20. What areas of coverage would you like to see the Abstracts covering: {please tick)

a) Technolagy related - broad coverage of toptcal subjects ]
b) Business and Management related - broad coverage of topical subjects

c¢) Technology related — in depth articles covering very specialist areas of technology

O 0O 0

d) Business and Management related — in depth articles covering very specialist areas
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SECTION 7 — Payment Mechanisms

21. Have you heard about Pera research units [JYes ] No
If NO, please go to Question 25
22. Do you know what a Pera research unit is worth? [J Yes 1 No

If YES, please indicate the value below.

23. Do you feel you understand how the unit system works? ] Yes (O No
24. Do you like the current units system? [Jyes[INo

If YES: Please state why?

25. Would you prefer?
(please tick your
preferred option)
a) An ‘open access’ scheme, where an annual 3
fee provides unimited access to the enquiry service
(no administrative barriers to accessing information)

b) A unit system where a purchasing decision 1s made ]
on each individual enquiry (improved control of costs)

Other (please specify)
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26. How would you prefer to pay your membership fee? (please tick your
preferred option)

a) An annual subscription — payable in advance ]
b) An annual agreed fee, paid monthly by direct debit. ]
¢) Afloating fee, dependent on usage and invoiced monthly ]
d)} A combination of fixed fee offering restncted access to ]

the Enquiry Service and a floating fee, dependent upon
usage and invoiced monthly

27. As an alternative to membership, might you be interested in a J Yes [] No
monthly package of Pera services including free training and/or

consultancy from across Pera divisions; full-text articles; seminars

and briefings; and unlimited access to the enquiry service?

SECTION 8 — Contacts

28. To enable us to keep people in your organisation informed of membership services that
may be of interest to them. Please provide the contact names, job titles and email
addresses of the senior person responsible for the following job functions.

Marketing:

Purchasing:

New Product Development:

Competitor Analysis:

THANKS FOR YOUR HELP!
Please return by fax to 01664 501555
Or post to:

Fiona Reed
Pera Knowledge
Pera Innovation Park
Melton Mowbray
Leics, LE13 OPB
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AIIL6
Interview Instrument for Information Acquisition Study

- Midland Manufacturing SMKEs

Back ground
Company background how long established, no. employees, turnover. Interviewee’s

perception of role

Attitude to new technology

Perception of new technology as providing an opportunity to steal a march on the
competition or to get access to new markets — or something which you have to cope with
and struggle to keep up with?
If 1t’s an opportunity.
(Are you using an advanced technology process to serve a relatively low tech
market, or 1s 1t the product which 1s high tech?)
How do you go about finding out about new technology? (e g. those which are
just emerging, or technologies which are well established in other industries but
could perhaps be applied 1in your sector)?
What processes do you use to get the information you need?
How does that information feed into the business planning process?

If new technology 1s a threat, how do you use information to mitigate aganst 1t?

Information Needs

Do you think you have an understanding of your customer’s customers?
How proactive are you in terms of finding out what your customers want — thinking of it
n terms of three different levels.
Do you “sense” what the market needs are?
Do you actively ask your customers what they want?
Or do you research the customer markets to try to antictpate their needs perhaps
before they have even recogmised 1t themselves?
What processes do you use to get the information you need?

How does that information feed into the product development process?
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Information Use

How do you use the information they get? Who acquires the information and who acts
on 1t?
Does anybody have a specific responsibility for getting hold of this type of information

for ¢ g. strategy meetings?

Information Barriers and Fantasy Information Service

What gets 1n the way of acquiring the information you need?
If those barriers were not there, and 1f you had enough resources, what would you like to

do?

AIII 30




AIIL7
Interview Instrument for Information Acquisition Study
- RTO Members

Background
Background of company, level of decision-making, interviewee’s perception of role

General information needs and barners

What are your greatest information needs at the moment?
What are the biggest barriers to finding or accessing the information you need?
Are those “greatest information needs” typical of the sort of information you tend to

need?

Enquiries

Are you looking for partrcular nuggets of mformation, for advice or for specific
expertise? Access to database sources?

Technical or business onentated?

Is there any pattern tn when you tend to look for information?

Would you say you are usually trying to solve a problem that has come up, or do you
sometimes look for information that would help 1n the long-term e.g. info about a new
technology which would let you make a new kind of product, or a different way of
manufacturing?

Some firms have a formal process for gathering information about new technologies,
competitors, market changes — are you aware of anything lhike that in your company?

Do you think you approach information requirements differently according to whether
you are 1n your “comfort zone™ or not?

What sources are you are comfortable with 1n your own area?

Examples
Do you need to /How do you go about finding supphers?

Do you need to/ How do you find out about British Standards?

Do you need to/ How do you find out about patents?

Do you need to /How do you find out about latest manufacturing technologies?
Do you need to / How do you go about researching new market sectors?

Do you need to / How do you go about researching using a new technology 1n a product?

Alll 31




Which information sources are they aware of, which they use and how those sources are

valued.

Types of Information

Would you use different sources for different sorts of information — e.g. Pera 1f 1t was
urgent, or browsing internet or journals for longer-term information?
Do you actively try to keep up-to-date — 1f so, how?

Do you have a good trade assoctation?

Do you attend technical seminars and conferences or trade fairs?

Value of Information

How do you value information?
How important 1s quality of information?
How up-to-date does it need to be?
How spectfic 1s 1t to your company or your industry?
Do you value certain types of information above others — what sort of

information would you pay for, and what wouldn’t you value in that way?

Changes mn Requlrements

Have you or has the company changed the way you seek and use information, and do you

feel there 1s a greater need for information?
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Appendix IV.
Tools and Techniques for Technology Lookahead

This appendix presents a collation of the various tools and techniques described 1n the
literature that may be useful for technology lookahead. The potential relevance of these
tools and techniques to small manufacturing firms 1s discussed. A summary can be

found in Chapter 8.

The technology lookahead techniques discussed 1n the following sections are perhaps
most appropriate to manufacturing or manufacturing service compames, where
technology plays a particularly important role 1n the business. Yet even a very low-
technology company should benefit from making limited use of the prmciples of
technology lookahead. Small compantes with little resources will find that much of the
information for technology lookahead 1s publicly available, and once the key
technological influences and drivers have been 1dentified 1t may not cost much 1n time or
money to maintain enough awareness concerming the technological future to gam
competitive advantage In the next two sections processes are described which can
provide specific types of technology information, focussing on the potential which these
techniques have for SMEs. Firstly, the ways to keep abreast of the state of the art in
technology are discussed Secondly, the processes available for anticipating future
developments 1n technology are described  Finally some suggestions are made
concermning technology planning, a process which should draw on both the current and

future technology information

AIV.1.  Monitoring and Scanning the Technological Environment

At 1ts most basic level, keeping abreast of current technology simply involves general
awareness, and having an outward-looking approach. For hard-pressed small firms, even
this can be difficult, since the demands of the business may allow hittle time to consider
events outside the company. It 1s however essential to be able to recognise and respond
to external changes, not only 1n technology but 1n the market and 1n society - before those

changes manifest themselves in the loss of orders.

For science and technology based firms, momtoring and scanning may be important

enough to use a strategic technology scanning process similar to one suggested by Van
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Wyk (Van Wyk, 1997) Strategic technology scanming 1s differentiated from technology
scanning using a radar analogy 1t has a greater range, and is concerned with "looking
ahead" rather than "keeping abreast”. For this process, Van Wyk employs the analogy
of the "technological landscape”, and so the first step in the scanning process 1s to define
the boundaries of the landscape to be scanned and set an agenda Scanners would then
be recruited to read and review sources of information conceming technological advance,
and from this landmark technologies would be identified. The company's technological
base would then be reviewed against the impact of the landmark technologies, and the
technologies which are strategically relevant would be 1dentified. The result is that firm's
strategic focus 1s improved — however, how to implement their strategy 1s not something

which 1s addressed by Van Wyk,

Small companies might find 1t difficult to follow this process fully, because of the need
to recrmit specralist technology scanners - although 1t could be worthwhile for firms
where the intellectual property portfolio 1s all important. Nevertheless, other systematic
technology monitoring and scanning processes have been successfully tested in small
firms under a European funded project (Quazzotti et al., 1999). This project summarised
best practice for what 1s known as "technology watch" 1n ten steps (translated here from
the French by this author).

1} Ensure commitment of senior management to technology watch

2) Analyse the standard of information practices in the firm

3) Analyse the mechanisms of diffusion of information 1n the firm

4) Define and formalise information needs

5) Raise personnel awareness of the value of information

6) Dhverstfy sources of information

7) Explo1t the formal sources of information systematically

8) Organise the collection of informal information in the company

9) Take care to protect your information

10) Consider calling on information professionals

In both of the formal scanning processes described above, importance 1s given to
identifying the type of information needed 1n that particular firm, and to the
communication of that information so that 1t is exploited properly 1n strategy formulation
or elsewhere. There are many different potential sources of information, and decisions

concerning what to monitor are very much company specific A few possibilities, drawn
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1n part from a survey of Bntish scientists and engineers (Angell et al.,, 1985) are histed 1in
Table AIV.1,

Table AIV.1  Potential sources of technological information (adapted from (Angell et al.,
1985))

Potential Sources of
Technological Information

Customers

Suppliers

Meetings/ conferences/
exhibitions

Research associations

Consultants

Friends outside work

Technical journals

Trade magazines

Books

Popular science magazines

Standards/ specifications

Abstracts/ indexes

Official publications

Conference proceedings

Patents

Internet

E-mail/ web discussion groups

Newspapers

TV/ radio

Formal and informal personal networks are a rich source of information about current

technology. Therefore activities which can bwld up these links should perhaps be
recognised as worthwhile investments rather than time away from the job. This includes
attendance at trade meetings and conferences, for example. Informal networks have
been shown to play an important role 1n new product development (Smart et al., 2000}, in
strategy formation (Macdonald, 1996), mnovation (Macdonald, 1998) and in R&D
(Bouty, 2000). The communication of technological mformation 1s linked to all of these

processes, and informal networks may therefore also be important in mamtaining

awareness of current technology.




The trade press and research journals also provide current technology information. As
the number of publications increases each year, and there 1s almost unlimited information
available through the Internet, the greatest challenge 1s to identify the most important and
most relevant sources of information. In order to make the best use of time, 1t may be
appropnate to formahse the information-gathering process - by identifying the most
likely sources of relevant technology information, and then actively monttoring those
sources It may also be appropnate to systematically scan a broader range of sources.
Patent mformation can help to build a picture of the technological environment, although
research has found that small companies do not rate patents highly as a source of
technical information (1in comparison with personal contacts, trade journals and talking to
clients and suppliers} (Macdonald and Lefang, 1998; Hall et al , 1999; Hall et al., 2000).

There can be a role for consultants and intermediaries in monitoring technology
information sources, particularly 1n areas such as patents and competitor activity. Belott1
and Tunalv (Belott1 and Tunalv, 1999) found that small companies mn Sweden are more
likely to use private consultants than other sources in the acquisition of technical
knowledge, which implies that 1t may be appropnate for small firms to utilise consultants
in technology lookahead. There 1s also evidence from the Umted States that it 1s
beneficial for small firms to utilise consultants as part of the strategic planning process
(Robinson, 1982), and this may also be true for technology strategy and planning. Whle
paying consultants to take on monitoring and scanning activities can be more efficient for
a company with few employees, 1t 1s vital that the consultants truly understand the firm's
business. Otherwise, although they might find better information sources, their service
may not be well targeted to the particular circumstances of the firm. All compames have
a different mix of technologies, capabilities, products and customers. a technology which
might have great potential for one firm will not be suitable for another. It would
therefore not be possible to draw up a genenc list of all the sources of information which
should be monitored to keep abreast of current technology, since different sources will be

more relevant for some technologies - and therefore for some firms - than for others.

Sometimes new technologies emerge 1n different industry sectors which have the
potential to be successfully applied 1n a company's own sector. There may be sigmficant
competitive advantage for a company which identifies this possibility - or there may be a
serious threat to a company whose only product line may be superseded as a result of

new technology (Quinn, 1986}, Sometimes a particular mdustry sector 1s well-known as
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a potential source of new technologies - for example the aerospace mdustry 1s very
interested 1n learming from the mobile telecommunications industry because of their
ability to manufacture quite complex products with mmumum volume and weight On
occasion a useful new technology may emerge from an unexpected sector, however, and

having a broad but not necessarly detailed scanning process may be advantageous.

AIV.2.  Technological Forecasting and Future View

For highly technology-based firms, 1t 1s extremely important to be prepared for external
developments 1n technology, and also to develop theirr own technology to take full
advantage of new market opportunities A clear vision of where things are likely to
stand 1n the future 1s necessary for the company to plan how they can develop or acquire

the technology, and also gain the skills and expertise required

The forecasting techmques described 1n the next two sections may be helpful to science
and technology-based firms, but since they require a reasonable amount of resource, they
are probably not well suited to other types of firm. Any small company should however
be able to benefit from publicly available information sources described in section
AIV 23 below  Although public information is also available to competitors, the
interpretation will not be the same for every small firm as there will be a umque course

of action for each company according to their circumstances.

AlIV.2.1. Technology Trends

By monitoring and scanming current technologies over an extended period, 1t should be
possible to get a feel for the development of those technologies. It has however been
observed that people tend to assume trends will follow a linear path against time,
whereas technological performance generally follows an S-curve (or sigmordal curve).
The S-curve 1s shown 1n Fig. AIV.1 - 1t should be noted that it 1s only valid for a single
technological parameter against time (or more correctly against effort and resource
expended). In the early stages, the rate of technological progress 1s slow. As time goes
on, the rate of progress rapidly increases (up to the point of inflection on the graph), and
then begins to slacken. Eventually the technology will approach the hard physical limt
for that parameter, and at this stage there are only very imited improvements A linear
extrapolation can therefore be quite misleading, since at the early stages it would be easy

to assume that progress would continue to be very slow, and the opposite (but equally
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false) concluston could be reached 1f the rate of progress was extrapolated from the fast

mmprovement phase

A physical or natural limut
Technological fpe---c---cccmmermcccccncnnnnaa-z

performance
{(single
it of
pa er’ 15;@@1011

Timeleffort

Figure AIV.1 The S-curve of technological progress (adapted from (Twiss, 1992)"*°)

It 18 sometimes possible to stretch a technology through enhancements which raise the
Iimat of technical performance (Fig AIV 2)  This cannot be done indefimtely, and
usually when the current technology approaches 1its physical limit, it is substituted by a
new technology (Fig. AIV.3). The new technology may have existed for some time, but
until the limitations of the current technology become an issue, there is little motivation
to develop the new technology. Sometimes the existence of large legacy systems means
that the old technology 1s stretched as far as possible, as 1n the case of copper technology
for data commumnications. Optical fibre technology has greater capability 1n terms of data
communication rates, but copper technology has continued to develop beyond
expectations because of the huge investment required to replace copper with optical fibre
(Palmer and Wilhams, 2000) In this example, the older technology 1s being substituted
by the supenor technology much slower than was expected, but sometimes technology
substitution happens faster than expected. There can be a danger of failling to recognise
the value of cheaper, lower-performance technologies (Bower and Christensen, 1995) —
and even expensive technologies with the potential to out-perform existing technologies

can be mistakenly disregarded because they appear inferior to current technologies 1n the

carly stages of the S-curve of performance.
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Figure AIV.2 The S-curve of technological progress with enhancements (Roy et al., 1996)
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Figure AIV.3 Technology substitution (adapted from (Twiss, 1992)7%")

There are a number of different forms of S-curve, including the logistic curve (equivalent
to the Pearl curve), dentved from biological population growth, and the Gompertz curve,
which was originally used to describe the mortality rate of a population. The logistic or
Pearl curve is symmetrical about the pomt of inflection, whereas the Gompertz curve is

not. They can both be plotted as a straight Iine on a log-linear graph.

The formula for the logistic or Pearl curve (Twiss, 1992) 1s:

__ 1L Equation AIV.1
1+ce™

where L = natural limit, t = time, o and b are constants

The S-curve can 1n theory be used as a forecasting tool in predicting the future

performance of a technology The physical limat for the technological parameter must be
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known at the outset, however, unless the curve has already passed the point of inflection
For a company which 1s reliant on the performance of a particular technology, 1t 1s worth
gaming a good understanding of the likely trajectory of its S-curve. (At the same time, 1t
is 1important not to become blinded to the possibility that the technological parameter
which 1s valued by the customer at present may not be the parameter that will win them
1n the future.)

For other compames where therr competitive advantage 1s not so closely linked to the
performance of a single technology, 1t may not be worth trymg to develop theirr own S-
curves. This type of technology forecast may be available from eg industry
associations mstead, although Twiss found that these forecasts are not always consistent
Plotting data from industry S-curves on a log/linear plot often exhibits an unexplained
change 1n the slope of the graph between the recorded data-points and the predicted data-
points, which suggests the forecast may not be reltable (Twiss, 1992)° ®, The technology
trend-line should normally be a straight line, unless there is a sudden change in

development activity.
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Figure AIV.4 Technology trend line for magnetic material development (Palmer and
Williams, 2000)

Palmer et al. (Palmer et al , 1999) examine the usefulness of technology trends wtithin the
electronics industry, looking at Moore's law amongst others (which 1s usually cited as
"the number of transistors in an integrated circuit will double every year to eighteen
months") The argument that such trends are self-fulfilling promises 1s countered by the
evidence that magnetic material capability has developed along a similar trend line over

the span of more than a century (Fig. AIV.4).
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Another type of technology trend which has some relevance 1n technology planmng 1s
the expertence curve or learning curve (Willyard and McClees, 1987). This refers to the
decreasing cost of production over time as more and more of a particular item are
manufactured, which appears as a straight line on a log-log plot (Fig. AIV.5). This
means that the experience curve can be used to set pnice targets for developing
technologies (Technology Futures, 2000). Customers expect to see price reductions as a
technology matures, so companies may need to take this into account when assessing
how lucrative a technology may be for them - particularly since different technologies
exhibit different experience curves (Ghemawat, 1985) (Twiss, 1992)PP 761" The
experience curve has been used by Bell Laboratories (when part of Lucent) as an input to

therr roadmapping process (Albright, 2000).
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Figure AIV.5 Experience curve (adapted from (Twiss, 1992) ¥ 177

Technology trends do not appear to be widely recogmsed and applied beyond the
electronics industry, and 1t 1s possible that there is something unusual in the nature of
electronic technologies which allows trends to be useful for prediction there. Grupp and
Linstone have observed that trend extrapolation is “appropriate during any stable phase
but inherently fails in chaotic phases" (Grupp and Linstone, 1999). Those parts of the
electronics industry where technology trends are helpful are those where the technology
base 1s quite stable, and improvements are incremental rather than radical. Technological
advantage there 18 assoctated with particular physical parameters such as clockspeed or
feature size Where other industnies also rely on the performance of very specific
physical parameters, there may be trends which could be useful for small companies to
monitor. The danger 1s that trends can inspire too much confidence because they are

quantitative 1n nature (Kappel, 2001). If the technological base 1s constantly changing,
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the monutoring and scanning processes outlimed 1n section AIV 1 will be of much greater

benefit.

AlV.2.2. Bibliometrics
Whereas technology S-curves predict the performance of a particular technological

parameter, 1t 1$ possible to examine technology trends from other perspectives

For example, a surge in patenting activity surrounding a particular technology may
indicate that this 15 a technology which 1s likely to be making an impact in the future
The cumulative number of patents 1n any particular technology 1s also likely to follow an
S-curve, albeit with an unpredictable cycle duration (Andersen, 1999) Research
publications are another indicator of hot new technologies which may have major
commercial applications The use of patent and publication counting 1s known as
bibhiometnics, and has been made sigmificantly easier by the wide availabibty of
searchable electronic databases such as those provided by the Patent Offices (European
Patent Office, 2001; US Patent and Trademark Office, 2001) INSPEC (Institution of
Electrical Engineers, 2001) and the Science Citation Index (Institute for Scientific
Information, 2001b)  The techmique has limitations — partly because publishing and
patenting policy varies widely between firms, industries and countries (Acha and Von
Tunzelmann, 2000), and publication 1s biased towards the English language (Ehmberg
and Jacobsson, 1997). Often companies will opt for total secrecy if they are working on
a technology they believe to have great commercial advantage, and so do not publish or
patent, Sometimes publication by industrial researchers in academic journals 1s purely an
indication that the technology was not successful enough to keep hidden from
competitors Another limitation of bibliometrics is that there can be a significant time
lag for research articles to be published and patents approved For very new
technological areas, there 15 also a time lag before the patent classification system

identifies the technology.

Despite the limitations, bibliometrics can provide useful information to show whether a
technology 1s matunng — for example, the number of keywords associated with a
technology will increase as 1t matures, as research will begin to focus in more detail on
vanious aspects of the technology The co-location of keywords can reveal convergence
of technologies, or new applications of technologies. Watts and Porter (Watts and Porter,

1997) have developed a detalled set of bibliometric measures for "innovation
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forecasting", and demonstrate the use of these measures to 1nvestigate the development
of ceramic engine technologies Their approach appears to stem from a technique
designed to ascertain the most fruitful research areas for an academic nstitution (Porter

et al, 1994), and as such 1t may not be fully adapted to small industrial compamnies.

Other researchers have used patent and publication analysis to assess Light Emutting
Diode (LED) matenal technology and Thin Film Transistor technology (Lwu and Shyu,
1997) Using plots of cumulative patent and journal paper counts against time for three
different types of LED matenal, they identify which matenal technology may be
maturing, which 1s in growth and which 1s 1n the early phase of 1ts lifecycle, based on the
shallow slope of the graph for the maturing technology and the steep slope for the new
technology They also suggest that once a technology moves from early development
into industrial application, patents will begin to outnumber research papers - but in fact
their data only supports this for the immature technology. Their data does show that
growth 1n patent counts tends to precede growth in journal publication counts, which may
be due to the slow peer review process. Patent analysis 1s also demonstrated as a
technique for examiming the relative strengths of the major players developing LED
technology. Liu and Shyu present their research as evidence of the usefulness of patent
analysis for technology plannming and forecasting, but in fact they do not make a very

strong case for the ability of this techmique to predict future technological progress.

The technology-push linear model of innovation has been superseded by models which
acknowledge the mmportance of market pull and nter-firm networking (Rothwell and
Dodgson, 1991), and indeed the entire way 1n which scientific research and development
is conducted has been challenged by "Mode 2" thinking (Gibbons et al, 1994) Under
the old technology-push model, one would expect to see first a growth in academic
publications concerning an emerging new technology, followed by a growth in patents
This assumes that new technology starts with academic research, which 1s then
commercialised and patented by industry. While accepting that the technology-push
model is not a full picture of the innovation process, 1t 1s of interest to investigate
whether any patterns can be 1dentified using bibltometrics which could act as an "early

warning system" for the rise of new technologies

This question has been studied by Ehrnberg and Jacobsson (Ehrnberg and Jacobsson,

1997), with case studies examining the transition from conventional to CNC machine
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tools, and the transition from CNC machine tools to flextble manufacturing systems. In
addition to the use of patent and journal publication counts, other indicators were
employed including the number of new entrants to an industry or technology and relative
price changes of substitute technologies In the first case study, there was no warning of
the technological change from the patent counts, which only increased as CNC machine
tools were bemg taken up widely The publication counts actually rose later still, but the
price and entrants indicators did move between 1-3 years before the change, and
therefore could have acted as a warning In the second case, new entrants were the first
indicator to rise 10 years before the technology took off, followed by publication counts
5 years before the technology was widely taken up  In the case of the diffusion of CNC
machme tools, the key innovation was the use of the microprocessor which was a new
technology that came from outside the industry — so patent and publication searches
concerming machine tools would not have shown up developments 1n microprocessor
technology In the case of developments from within an industry, publication and patent
counts might be expected to grow 1n anticipation of a new mass market Another factor
identified by Ehrnberg and Jacobsson 1s that the machme tool industry is not heavily
science-based, which they contrast with Grupp's findings on laser beam sources, where
publication counts rose first, followed by patent counts, with market penetration

occurring over a decade later (Grupp, 1994).

To test the usefulness of the technique to small companies, the author conducted a
limited study into whether very simple bibliometrics could be used to demonstrate the
development of process technologies 1n the electronics manufacturing industry. The
preferred choice would have been to plot numbers of publications, numbers of patents
and equipment sales against time Due to commercial sensitivities, however, 1t was not
possible to access equipment sales data. The INSPEC database (Institution of Electrical
Engineers, 2001} was used for publication counting since 1t yielded the most results,
whtle the Derwent Innovations Index (Institute for Scientific Information, 2001a) was
used to find patent information  The results, as shown in Fig. AIV.6, were however as
nconclusive as those of Ehmberg and Jacobsson, although there may be some sort of
pattern with the number of patents rising while publications drop 1n Figs. AIV 6 (a), (¢}
and (d). This could not be used to predict with any confidence when the process

technology was about to be taken up widely, and therefore would not help a small

company 1n making a major investment decision .




Simple patent and publication counting 1s therefore a technique which is unlikely to be of
any direct use to small compames The detailed bibliometric process described by Watts
and Porter (Watts and Porter, 1997) could provide useful information, but this
information would need to be carefully nterpreted, and as such it may be more
appropnate for small companies to use experienced consultants if this data 1s believed to

contain important technology trend information
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Figure AIV.6 Bibliometric trends for process technologies in the electronics manufacturing

industry

AlV.2.3. Public Roadmaps and Foresight

Small companies cannot normally afford to bring together all the top experts in a
particular industry to advise them on the future of various technologies. Expert opimion
1s however avatlable in a more generalised form, as a result of government and industry
mitiatives to try to anticipate future developments There have been a number of national
and regional Foresight exercises over recent years, and there has also been a growth 1n
the number of industry sectors drawing up roadmaps. In some cases governments have
imitiated industry roadmaps where they believe that industry to be critical to national

prospenty Delphi surveys form the basis of many of these exercises.
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AlV231 Delphi Forecasts

The Delpht techmque 1s useful for longer term forecasting (20-30 years ahead), where
expert opinion 1s the best (and usually the only) source of information available (Grupp
and Linstone, 1999). Delph surveys involve sending a questionnaire to a large panel of
experts, then circulating the results and repeating the process a number of times to
achieve convergence of opinion The experts are asked to identify possible technological
developments, then estimate the probability of them occurring within a specific time

frame e g. the next 10-20 years

The techmque 1s helpful for distilhing the judgement of a wide range of experts but it
does have some disadvantages. It is essential that the questionnaire 1s worded very
carefully to avoid ambiguity (Twiss, 1992)F 18 and that the questions are appropriate and
not biased by the mindset of those setting the questions To avoid this, the first round of
the survey can be dedicated to generating or revising the set of questions (Grupp and
Linstone, 1999) There 1s also a danger that members of the panel can feel compelled to
agree with the majonty even 1f they themselves might actually be better informed 1n that
particular case The fact that the panel members do not meet face-to-face should
however avoid individuals 1imposing their opinion on the group, and also allows panel
members to revise their opinion without losing face (Martino, 1983). Another source of
problems with Delphi surveys 1s the human impulse to think linearly (as described 1n
section AIV.2.1) — technological progress 1s generally underestimated in the early stages

of the lifecycle, and overestimated as maturity approaches (Twiss, 1992)° R

Delph1 was imtially used for technology forecasting after World War 2, by the RAND
corporation 1n the US, where "the mulitary confronted the combination of rapidly
changing technology, long system lead times, and a perceived Cold War threat" (Grupp
and Linstone, 1999) In the 1970s, Japan adopted a Delphi process as part of their
strategic effort to develop their science and technology, and have repeated their large
scale study every 5 years (Kuwahara, 1999), while Taiwan has used the techmque
specifically to help develop their information technology industry (Madu et al , 1991).
The fifth Japanese study was replicated 1n Germany using translations of the Japanese

questions (Bremner et al, 1994), and since then Delph1 has been one of the mamn

methodologies used 1n vartous national Foresight exercises (as described 1n section

AlIV.2 3.2 below) (Grupp and Linstone, 1999).




While small firms are unlikely to commusston large scale Delph studies themselves, they
may be able to use Delphi forecasts indirectly to access expert opimon. For instance, 1t
may be possible that therr large customers use this techmque and are willing to pass the
results to suppliers. Also, with an understanding of government prionties from national
Delph1 studies, small companies can choose to develop technological areas which are

likely to benefit from positive conditions (such as government incentives).

AlV232 Foresight

The defimtion of foresight which will be used here is "a systematic attempt to look into
the longer-term future of science, technology, the economy, the environment and society
with a view to 1dentifving the emerging generic technologies and the underpinning areas
of strategic research likely to yield the greatest economic and social benefits" (What 15
Foresight?2000). It 1s not advisable to consider technology in 1solation, since the future
direction of science, the economy, the environment and society will affect which

technologies will be both possible and desirable in tomorrow's culture.

National technology foresight activities, in the form of Delphi forecasts, have been taking
place for the last fifty years (see section AIV.2.3.1) There has recently {in the last 12
years) been new, more widespread interest in conducting national foresight exercises,
starting in the Netherlands, with Germany, the UK and France following soon after
(Grupp and Linstone, 1999) Foresight has also been taken up 1n many other countries 1n
the past decade (Grupp, 1999). In the UK, the Technology Foresight programme was
first launched 1in 1993, with the following aims: to increase UK competitiveness, to
create partnerships between industry, the science base and government; to identify
exploitable technologies over the next 10-20 years, and to make better use of the science
base by focussing the attention of researchers on market opportunittes (Martin and
Johnston, 1999).

The second round of U K. Foresight began in 1999, divided into a number of different
programmes: the thematic panels include "the ageing population”, "crime prevention"
and "Manufacturing 2020", while there are also sectoral panels such as "defence,
aerospace and systems”, "materals", "information, communications and media"
(Foresight Website, 2002) The various programmes use a number of methodologies,

particularly Delph surveys (as described in earlier), consultation and scenario writing
(described below)
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Consultation in this context means seeking iput from across the whole community, to
consider the expected future, possible futures and preferred futures The expected future
1s drawn from extrapolating current trends and expert analysis, while the possible futures
try to anticipate significant changes in the world. The aim was to draw up a strategy to
reach the preferred future while coping with possible change, which meant identifying

key 1ssues and drnivers for change (What 1s Foresight?2000).

Scenario wnting 1s used to imagine what the future may be like It rehies on having good
quality information as an nput to the process, and provides a mechanism for handling
uncertainty (Stout, 2000)  (The process 1s described 1n more detail 1n section AIV 3.2).
The scenarios produced by government Foresight exercises are very unlikely to tumn out
to be an accurate prediction of the future. Small firms should not see them as a
descrniption of the future they should expect. There will however be useful messages for
small companies 1n these scenarios - firstly in understanding that the future will not be
hke today, and secondly in becoming aware which ndustry, society or technology

drrvers may have a serious effect on their business

In the foresight studies conducted 1n the Netherlands, one of three key objectives was to
provide SMEs with advance information about the possibilities for application of new
technologies. Although the studies were able to provide this type of information,
difficulties were encountered m diffusing the information into the SMEs and inspiring
them 1nto action. Intermedianes had an mmportant role in overcoming this information
bottleneck (Reys, 1994) Meanwhile, 1n the UK, Reid (Reid, 1996) observed that
resource constraints make 1t difficult for small firms to investigate and exploit the many
public programmes and imtiatives, and that the 10-20 year timescale of the Technology
Foresight programme "“appears impossibly long for firms whose horizons are
overwhelmingly short term". Reid did however suggest four key benefits of the
Technology Foresight programme for high-tech SMEs - in providing firstly, product and
market information (particularly about less famhar sectors); secondly, access to
government funds; thirdly, credibility 1n raising money for new projects; and fourthly,
opportumties for strategic alhances with international compamies to develop products

1dentified as valuable
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The first round of Technology Foresight in the UK was rather focussed on results - i.e. in
trying to deliver "answers" about the future, for example by setting specific budgetary
priorities for research (Martin and Johnston, 1999) In recent years attention has shifted
to the process of Foresight, with the realisation that much of the benefit of undertaking
Foresight studies comes from the greater understanding generated by going through the
process (Martin, 1995} Martin and Johnston (Martin and Johnston, 1999) have observed
that a major benefit of undertaking national foresight activities is that it "wires up the
national innovation system" by ivolving people from government, industry, research,
education, professional societtes and community groups, and thus encouraging
communication and shared decision-making. The creation of networks around critical
technology areas was seen as a key objective 1n the foresight studies in the Netherlands
(Retjs, 1994). By mvolving themselves in foresight networks and communities, small
companies can access a wide pool of knowledge and keep up-to-date with developments,

thus positioning themselves to exploit future technology and future opportunities.

The indications for the third round of Foresight in the UK (beginning in 2002) are
however that the programme is bemng significantly scaled down, and that these
opportunuties for small firm involvement may be disappeaning. The new approach is for
short, task-based projects, with only a small number of projects underway at any one
time — and therefore the chances of a small firm finding a Foresight project relevant to
themselves will be reduced. The emphasis on stakeholder involvement 1s not very

evident (to the author at least} 1n this round.

Some organisations have taken the original UK Technology Foresight programme as a
benchmark for therr own foresight activities (Georghion, 1996), and the hope 1s that
many companies, including small manufacturing firms, will adopt the process of
foresight for their own benefit. Fuller and Larue have studied how foresight 1s
implemented and embedded in UK organisations (Fuller and LaRue, 2000), and they
found that significant problems were perceived regarding the ability of small firms to
mmplement foresight processes. A small business owner was quoted as saying "I find it
hard enough to operate my business with hindsight let alone foresight", while another
respondent 1n the study noted that the agility of small firms allowed them to change when
required, without the need for 20 years of time-consuming preparation. It was also felt
that small firms, operating 1n a supply chain, would have little choice but to change with

the supply chain, whether or not they antictpated the changes. These views came mainly
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from large orgamsations (including professional associations) concerning their
expenience with small firms, but Fuller and Larue countered these views with the
observation that small firms often demonstrate their skill in anticipating the future

through entrepreneurship.

AIV 233 Industry Roadmaps

A number of countnes have created industry roadmaps - which are n effect very much
like the Foresight exercises descrnibed above. The term "roadmap” 1s used simply to
describe a plan of action, based on an understanding of the likely future of a technology
or industry. Again this understanding 1s usually based on expert opinion, accessed using

techniques such as Delphi

One example of a Delphi questionnaire-based industry roadmapping exercise was
undertaken 1n India to examine the future of electronics and information technology in
that country (Chakravart1 et al, 1998} Their methodology also used mnputs such as
scenario writing and statistical analysis of the survey responses to create a fine tuned
technology forecast and roadmap dunng a one-day semunar of experts, planners and

admmistrators.

Industry associations also create roadmaps as a means of 1dentifying key technological
challenges and as an attempt to reach consensus on the future direction of the industry.
One of the most well-known mndustry roadmaps is the one prepared by the
Semiconductor Industry Association, based in California m the US - the National
Technology Roadmap for Semiconductors (Agres, 1998; Rea et al., 1997; Burggraaf,
2000) This roadmap 1s a 15 year forecast of the technologies which will be required 1n
the fabrication of CMOS (complementary metal-oxide semiconductor) integrated
circuits, where the future requirements are based on extrapolating the historical
technology trends such as Moore's law Roadmapping appears to be particularly popular
m the electronics and related industries - industry roadmaps have been considered or
created for electromic interconnection (Fisher, 1995), magnetic disk storage (Moore,
1999), flat panel displays (Bardsley, 1998) and microsystems technology (Marshall,
1699).

Industry roadmaps, whether created by governments or by industry associations, can be

helpful to the small manufacturing company, since they can allow access to expert
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opinion on the future of technologies and industries. This may be especially useful for
firms considening the adoption of a technology from outside their industry sector, e.g. an
electronics firm looking to ntegrate optical technologies 1n their products Roadmaps
may provide other benefits to small compames' 1f a government roadmap favours a
particular technological area, then there may be some financial support available to small
companies which develop this technology. Also, industry roadmaps may reveal the
thinking of industry leaders (which can be utilised by small firms), or they may provide a
means of accessing technology trend information. The roadmapping process does have
weaknesses however: both government or industry association roadmaps could
potentially be swayed by the hidden agendas of influential stakeholders involved 1n the

process, and this should be taken 1nto account when using this type of nformation.

AIV.3,  Technology Planning

Armed with a good understanding of current technology, and with adequate information
about likely future technology development from a broad range of sources, the next step
for the company 1s to plan. The company should have an integrated strategy and vision
for the future which includes everything from finance and marketing to human resources
and technology. It may be that technological developments will open up new
possibilities for the company, requiring a change 1n strategy to reflect this - or it may be

that business requirements demand the introduction of new technology.

The detailed technology planning and management should be consistent with the overall
strategy. A significant part of planning at this level concerns questions of timmng: when

to adopt new technology and when to begin to develop 1t or set about acquiring 1t.

AIV.3.1. Timing Decisions

The pace of technological progress grows ever more rapidly, and product lifecycles are
becomung ever shorter. Development times are also being squeezed, and the cumulative
effect 1s that many small businesses live 1n a very short-term world, with planmng
horizons drawing closer and closer. Many companies i relatively mature industries now
work with new product development cycles of around 2 years: for the high-tech
industries that time may be measured 1n months. In some cases 1t is difficult for managers
to plan even beyond the next order, but clearly 1t is essential to do so in order to give the

business some direchon
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Introducing new technology takes time. Even if the technology 1s obtained by acquinng
another firm, a process of integration will have to take place while the product developers
learn about the capabilities and limitations of the technology. Therefore, the technology
needs to be 1dentified and selected well 1n advance, so that consideration can be given to
the best way to acquire 1t or develop 1t, and the relevant expertise gained. These
decisions will be influenced by when the technology will be needed - at what stage

should 1t be introduced to gain the maximum competitive advantage?

Any mformation about the anticipated rate of technological development (e g. from
technelogy trends or bibliometrics — see sections AIV.2.1 and AIV 2.2) may be helpful at
this stage There are also market and economic factors to be considered when trying to
establish the optimum time to adopt new technology, and some of these factors are

discussed below

AlV.311i Individual Technology Adoption Decisions

First technology adoption timing decisions at the firm level are considered. This 1s an
area which has not been neglected 1n the economics literature, and there are a number of
models which attempt to establish the optimum time to adopt. These are generally either
decision theory models or game theory models. Reinganum conducted an in-depth
analysis of models concerning the timing of innovation (Reinganum, 1989), in which she
examined forty different propositions (mainly game-theoretic in nature). Her analysis is
particularly concerned with the race between competing firms to innovate, the rewards
for being first to market (or for choosing to delay until the adoption costs have declined)
and appropriate R&D mnvestment Game-theoretic approaches have also been reviewed
by Beath et al (Beath et al., 1995), addressing first the allocation of resources to in-house
technological development and second the acquisition and licensing of external
technology. They state the two key motivating forces for product and process
innovation, which are to increase profits (1.e. looking for a good return on nvestment)
and to gain strategic advantage over rivals (e.g through increased market share). These
themes can be seen to underpin all the economic models for technology adoption timing
A helpful literature review 1s provided by Bridges et al. (Bndges et al., 1991), which
addresses both individual firm adoption decisions and aggregate diffusion models (a
topic discussed below 1n sectton AIV.1.2).  An mtroduction to the considerations

involved 1n the technology adoption timing deciston 1s given below, and this 1s mostly
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based on the review by Bridges et al. n combination with some of the more recent

literature

The most simplistic models only consider known future events. Under thus regime, the
"optimal time of adoption occurs when the present value of imvestment cost 1s equal to
the present value of production cost savings" (Bridges et al, 1991). The optimal time
will be earlier 1if the adoption costs become lower or the predicted cost savings per unit
increase - and 1f a competitor is also likely to adopt earlier. This assumes a situation
where there 1s a one-off investment 1n the new technology. For situations where there 1s
on-going expenditure e.g when a new technology is developed in-house, there are
models to determine the optimum nvestment as a function of time. Different models use
different assumptions concerming the probability distrtbution of rival innovation against
time, and also make different assumptions about the rewards for being second to market.
The latter depends partly on how good patent protection is assumed to be (Reinganum,
1981)

Another factor which can be included is the uncertainty of the profitability of innovation
(Reinganum, 1983). Some models attempt to address this by setting thresholds. "if the
probability that an innovation being profitable exceeds the upper threshold, the firm
should adopt, while 1f this probability crosses the lower threshold, the technology should
be permanently rejected" (McCardle, 1985). There 15 also a cost associated with
delaying adoption and acquiring more information (associated with the loss of market
share 1f a competitor adopts first), although delaying will reduce the uncertainty about the
economic value of the innovation (Jensen, 1992; Mamer and McCardle, 1987, McCardle,
1985), and could potentially result in second-mover advantage (Hoppe, 2000} Entering
the market too early with an under-developed technology can have a serious negative

impact on market share (Kalish and Lilien, 1986).

Other types of uncertainty have been considered. uncertainty about the time required for
successful implementation of a new technology (Stenbacka and Tombak, 1994), about
how quickly an (external) new technology will become available for adoption, and about
the extent of the efficiency gamns from using the new technology (Farzin et al, 1998).
Sometimes a stream of technological innovations are anticipated, and there are complex
dectsions to be made regarding the ttming of investment (thts has been examined recently

in (Rajagopalan, 1999)) If there are high expectations of future developments,
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companies may choose to postpone their investment (Weiss, 1994). For those companies
with a large technological gap, early mnvestment would be most appropniate. In some
situations 1t may be possible for technological laggards to leap-frog ahead of hitherto
more advanced competitors, but 1 other situations (e g. where experience and tacit
knowledge is particularly important) those firms may only hope to catch up (Beath et al.,
1995)

The models raise awareness of the various factors which need to be examined, but each
model is tightly bounded by the stated assumptions - € g. the investment timings of a pair
of 1dentical firms operating tn a duopoly, operating at Nash equilibrium output levels
(Remnganum, 1981). This may be helpful for economusts examiming the dynamics of the
system, but is unlikely to be of much practical use for small company managers
operating in the complexities of the real world. As Bridges et al. conclude.

" The models discussed predict expenditure patterns and timing of firms'
adoption of immnovation as a function of variables which are at best difficult to measure,
such as rewards accruing to the first innovator, the expected cost and time required to
obtain the knowledge needed to develop the innovation, the desirability of imitating the
innovation should another firm develop it first, and the gap between the firm's current
technology and the immnovation Although the resulting models provide analytical results
which are consistent with wtuition, empirical testing for confirmation 1s generally not
performed " (Bridges et al , 1991) The lack of empirical testing can be seen as evidence
of the difficulty of 1solating and measuring the complex variables 1n the real world, rather

than a failure to test the models properly

The timing of technology adoption has been the subject of management research outside
the economic modelling hterature  One example 1s the resource-based view of
Lieberman and Montgomery (Lieberman and Montgomery, 1988; Lieberman and
Montgomery, 1998) who examine first mover advantages and disadvantages in terms of
improving firm resources and capabihities. They suggest that "early entrants may
acqurtre the 'wrong' resources, which prove to be of limited value as the market evolves™.
On the other hand, "early entrants may be able to mould the cost structure of customers".
They suggest that where a firm's strengths [1e mn new product development, they should
aim to be first to market, while compames with greater strength in marketing and
manufacture should aim to enter later, "after the mmnial market and technological

uncertainties have been resolved". Lt and Penning highlight the tension between the
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financial imperative to wait before investing (keeping options open), and the strategic
marketing driver to leapfrog the competition by early market entry (potentially setting the
new technology standards) (Lint and Penmings, 1999).

There 1s no simple formula which can be used to calculate the correct time to adopt and
introduce a new technology. Each firm will need to weigh up the circumstances in their

own market for each new technology

AV 3.12 Technology Substitution and Market Diffusion

The S-curves described 1n section AIV.2 1 describe the technical performance of a
technology against development effort. It 1s also posstble, however, to use S-curves to
describe the ownership level of a product or technology plotted against time. Instead of a
physical upper limit which can be calculated from e g. matenal properties, the upper limt
to this type of S-curve 1s market saturation. This can only be estimated using e.g. Delphi
forecasts, because 1t depends on imprecise factors such as how much the product or
technology appeals to customers For a small company, 1t will be difficult to afford
expert Delphi forecasts, so other means will have to be used to estimate the market
saturation. If the new product or technology has already been established in another
country, this may help to estimate the saturation level, or it may also be useful to
consider the market for a similar type of product or technology. The accuracy of the
market saturation level 1s important, because misjudging this can lead to sigmificant error

in the shape of the S-curve

A product or technology may also be designed to replace an existing product or
technology, through technological superionity, reduced cost or additional features. It may
segment the market by fulfilling the needs of just one section of the market, and 1t may
also attract first time buyers. If the new product 1s sufficiently attractive, then the users
of the old product may purchase the new product before the old one is due for

replacement

The Fisher-Pry model 1s used to forecast the market substitution of a superior technology
or product (Fisher and Pry, 1971). It 1s based on the assumptions that if 5% of the total
market have made the substitution, then 1t 1s likely that the substitution will proceed to
completion, and that the fractional rate of substitution of new for old 1s proportional to

the remaiming amount of old to be substituted. It 1s based on the logistic or Pearl curve -
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if the early adoption data 1s known, as well as the total market, then 1t should be possible
to predict when a certain percentage of the market will have been replaced by the new

product or technology.

7= L1+ tanhate-1,)] OR 1n(-71=2a(r-1,) Equation AIV.2
2 1-f Fisher-Pry model

f= fraction substituted
a = half the annual fractional growth 1n the early years

to = time when fequals a half

The Gompertz model may be used nstead of the Fisher-Pry model - this basically means
that instead of using the equation for the Pearl Curve, the equation for the Gompertz
Curve 1s used The early data 1s used 1n exactly the same way to fit the curve. The
Fisher-Pry model forecasts a more rapid market penetration than does Gompertz - but
there is some disagreement over where Gompertz may be more applicable. Porter et al
(Porter et al,, 1991) suggest that Gompertz 1s more appropriate where substitution 1s
likely to occur as a result of replacement of worn out equipment, rather than because of
any technological advantages It 1s considered to be helpful in situations where there 1s
intense competition between technologites. Technology Futures Inc (Technology
Futures, 2000), in contrast, suggest that Gompertz 1s better for adoptions dniven by
technological supenonty of the new technology, although the assumption is that
customers do not suffer any sigmficant penalty for not adopting the new technology at a

given time.

[ = exp[-bexp(—kt)] Equation AIV.3

Gompertz model
f= fraction substituted

values for b and & must be found by curve fitting or regression

If the outlook 15 very different depending on whether Fisher-Pry or Gompertz 1s used,

then the forecast cannot be considered reliable.

A different type of substitution model has been presented by Loch and Huberman (Loch
and Huberman, 1999). This 1s used to examine the situation where an old and a new
technology are available and both are improving incrementally. Depending on the

incremental rates of improvement, and on the resistance to switching in the market, the
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new technology may not necessarily be adopted (despite being superior to the old

technology), or there may be a sudden switch to the new technology.

The S-curve described above shows cumulative market ownership of a product or
technology. Another way of looking at thus is the model for market diffusion shown in
Fig. AIV.7 (Rogers, 1995)° %2 also known as the technology adoption hifecycle. This 1s
a normal or bell-shaped curve, with the number of sales or adopters of the new
technology plotted against time (1t would be an S-curve if the cumulative number of sales
or adopters were plotted) The adopters are divided into the following classifications.
nnovators, early adopters, early majonty, late majonty and laggards. Moore has
dentified a "chasm" between the early adopters and early majonty, which 1s where a
great number of new technologies fail. Early adopters are prepared to accept teething
troubles with the new technology, and radical discontinuity from the old technology, 1n
order to get ahead of the competition. The early majority are looking for evolutionary
change rather than revolutionary change - they want a fully tested technology which will
not disrupt their existing ways of workmg (Moore, 1991). Anticipating the take-up of a
new technology will therefore involve gaining an understanding of the potential adopters,
so a small firm should consider how their current and potent:al customers might be

classified.

No.
of

Sales

Early Early Late

adopters majonty | majonty Laggards

Innovators

k 4

Time

Figure AIV.7 Market diffusion model (adapted from (Rogers, 1995 2 62)

There are a number of literature reviews which examine aggregate models of product and
technology diffusion (e g (Bridges et al., 1991; Karshenas and Stoneman, 1995; Mahajan
et al , 1990)). Unlike the game-theoretic models for individual firm technology adoption
decisions, 1t has been possible to empirically test the majonty of the aggregate diffusion
models against historical market data
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A well-known product diffusion model is the Bass model (Bass, 1969) This model
considers two separate effects: adoption as a result of external mfluences such as the
mass media, and adoption due to internal influences such as word of mouth. The
adoptions due to internal influences follow a curve which includes a normal distribution
simlar to that shown 1n Fig AIV.7, but the adoptions due to external influences fall
away from a peak level at the start. The forecasting success and fit to historical data of
aggregate diffusion models can be improved by considering factors such as advertising,
pricing, product replacement propensity, government regulations, learnming effects, supply
restrictions and a changing potential market (Bridges et al., 1991; Karshenas and
Stoneman, 1995).

The models described here can be useful for forecasting sales over time, planning
production and anticipating obsolescence of older products and technologies. Predicting
the rate of technological change using these models 1s something which may be better
left to market consultants. It 1s nevertheless useful for small companies to have an
understanding of the potential and the limitations of such techniques when considering

the timing of technology adoption.

AIV 3 1.3, Lifecycles and Economic Cycles
Having looked at technology adoption first at firm- and then the market-level, this
section is concluded by briefly "zooming out" further still to look at industries and

€Conomics.

Just as technologies tend to follow a pattern of performance agamst time (see the S-curve
shown in Fig AIV 1) successful industries also tend follow a lifecycle pattern such as
that shown m Fig AIV.8 The wndustry lifecycle and S-curve of technological
performance are not unrelated, because industries are ofien based on a dominant
technology (whilst also relying on secondary technologies). Usually, however, the
progress of the dominant technology is already beginning to slow before growth in the
industry takes off. The following discussion of the industry hifecycle 1s based on Twiss
(Twiss, 1992)P? 7278
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Figure AIV.8 Conceptual diagram of industry lifecycle (adapted from (Twiss, 1992)° )

The first stage of the industry lifecycle 1s incubation, where the first applications of a
new technology appear on the market 1n the form of expensive and rather unrehable
products, and product performance drives competitiveness. The next stage 1s rapid
growth, when the main product design features have been established but the market
begins to segment, with product differentiation to meet the needs of particular users At
some point the market will become saturated, and this 1s the stage when the industry
reaches matunty Cost becomes the key to competitiveness, and process innovation
becomes more nportant than product innovation. Finally the industry will reach a peak,
and although there may then sometimes be a long-term market for the product,
occasionally the industry will completely disappear, replaced by an altemative based on

an entirely different technology.

An understanding of how the industry is maturing will be useful to small companies in
anticipating future technology requirements, and 1n determining what type of
technological forecasting mformation will be useful to them (Twiss, 1992) 77, If the
industry 1s 1n the incubation stage, performance 1s all important, and technology S-curves
(see section AIV.2.1) may be helpful for planning to meet the anticipated performance
trajectory. Experience curves (see section AIV 2 1) may also be useful for predicting

how the umit cost will fall In the rapid growth phase, market considerations become

more important, and techniques such as Fisher-Pry (see section AIV.3.1.2) can be used to
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estimate the rate of product substitution As the market matures and then begins to
decay, cost becomes more critical, and Fisher-Pry may be used to estimate rates of
process substitution to save costs. At this point, the firm will need to think about what
new technologies may threaten the industry they are in, with a view to diversifying nto
those technologies or utihising current technologies 1n new markets - again considering
the Fisher-Pry technique for anticipating product substitution. Momtoring and scanning
(see section AIV 1) are important at this stage, and techniques such as scenario planning
(see section AIV 3 2 1) may be helpful. Expert opmnion (see section AIV.2.3) may be

used where available to assist in identifying the new growth areas

1 st 2nd 3rd 4th S(h
Kondratiev Kondratiev Kondratiev Kondratiev  Kondratev
cycle cycle cycle cycle cycle

World
economy

Year
1800 1850 1900 1950 2000 (approx.}

Figure AIV.9 Kondratiev economic long waves (adapted from (Braun and Elliot, 1996))

At a rather more abstract level than the industry lifecycle, there has been some interest
over the years 1n the relationship between technological activity and the long economic
cycles known as Kondratiev waves (Fig AIV 9). Kondratiev observed long wave
patterns of 50-70 years in the level of economic activity, with each period of growth
being linked to the deployment of radical technologies which stimulate the economy
(Mensch, 1979). There 1s debate firstly about the existence of such regular economic
waves, and secondly about whether economic uptumns are caused by major innovation, or
instead the upturn (or expected upturn) causes sufficient optimism to invest 1n bringing
radical new technologies to market (Rosenberg and Fritschtak, 1994). Aside from these
debates, there are clearly economic booms and slumps, and new technologies do emerge
which are linked with growth. For small firms strugghing in times of recession, 1t may
be worthwhile looking around to see which emerging technologies may lead in the

€COonomic recovery.

AlV.28




AIV.3.2. Planning Frameworks

In this section, two techniques are ntroduced which can be used as frameworks to draw
together all the information which has been gathered about current and up-and-coming
technologies, and about the optimum time to introduce new technology (or phase out old
technology) These techmques also require inputs concerning markets and external
factors, and stakeholders from every area of the company should be involved. In many
ways, the mformation gathering and communication processes are all that is needed for
technology lookahead, but the creation of documents such as scenarios and roadmaps
serves to focus the attention of participants, and helps to achteve consensus on prionties

for the company

AlV321 Scenario planning

Scenario planning 1s a technique which is parttcularly useful when the future 1s uncertain
and there may be complex factors for which to allow. It 1s more commonly used for
time frames of around 5-20 years, since in the short term there is less uncertainty {Porter
etal, 1991)° 13 As described 1n section AIV 2.3, it has been used in national Foresight
exercises, but 1t ts a techmque which can also be used at the company level The
awareness and understanding generated through this process will correspond (to some
degree) to the amount of time and resource which can be put into 1t, but even a day spent

on scenar1o planning may be helpful to a small company.

The French have specialised in the scenario-based approach, introducing the term "La
Prospective” Godet suggests that "La Prospective” 1s helpful "fo clarify present actions
in the light of the future; to explore multiple and uncertain future, to adopt a global and
systemic approach, and to take into account qualitative factors and the strategies of
actors". It 1s also important "fo remember that information and forecasts are not
neutral; to opt for a plurality and complementarity of approaches, and to question
preconcerved ideas on forecasts and forecasters” (Godet, 1986).  Scenario building
should lead to action (Wilson, 2000), and so 1t 1s important that the scenaros are

relevant, consistent and likely (Godet and Roubelat, 1996).

Schoemaker has described the steps involved in the basic process of constructing
scenartos (Schoemaker and Mavaddat, 2000; Schoemaker, 1991): Farstly 1t 1s necessary
to define the scope of the study by identifying the 1ssues which need to be understood,

and setting a time frame The scope should be broader than the industry or set of
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technologies 1 queston  The mayor stakeholders and actors should then be 1dentified,
and the relevant drivers and trends 1dentified and studied The next step is to identify the
key uncertainties - i e. which of the important forces for change have an unpredictable
outcome. The most sigmficant uncertainties can then be used as a basis for developing
"learning scenarios”, with an 1terative process checking for internal consistencies 1n the
scenar10s, examning how key stakeholders and actors may respond 1n each scenario, re-
examining the uncertamnty ranges and acquining further information where necessary.
The end result should be a wide range of possible future outcomes, including models of

complex interactions where appropriate.

The process of creating the scenarios 1s really more mmportant than what the final
scenar1os contamn. The future 1s unlikely to match those predictions, but at least 1f the
important nfluences and factors have been 1dentified, 1t becomes much easier to

anticipate how change will affect your business and plan accordingly

AlV 322 Company Roadmaps

Roadmaps at a national and industry level were described 1n section AIV 2.3.3 (N B. the
term routemap 1s sometimes used in place of roadmap). It is becoming increasingly
popular for companies to have therr own roadmapping process, although company
roadmaps will take a rather different form than the national or industry roadmaps. A
general technology roadmapping process both for both industries and compames
(developed by a government research laboratory) is descnibed in (Garcia and Bray,
1999) As Kappel (Kappel, 2001} points out, however, industry roadmaps serve a very
different purpose from company roadmaps, and his roadmapping taxonomy (shown in

Fig. AIV 10) demonstrates this for four types of roadmap.

Motorola first developed the technology roadmapping process in the 1970s (Bergelt,
2000; Willyard and McClees, 1987) Due to the increasing complexity of their products
and processes, they felt there was a danger that they could overlook an important new
technology, and so roadmaps were 1introduced to help formahse their forecasting process
Roadmaps were also seen as assisting communtcation between design and development
engineers and marketing personnel. Motorola's roadmapping process has evolved over
the years, but a brief description based on Willyard and McClees 1987 paper 1s presented

here to 1llustrate the use of roadmaps
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Figure AIV.10 Kappel's roadmapping taxonomy (Kappel, 2001)

Motorola classified two different types of roadmap: the emerging technology roadmap
and the product-technology roadmap. The first type 1s prepared and mamtained by a
small group of technical experts, and deals with single technologies which are at the
stage of having been demonstrated 1n a laboratory - whether 1n a university or research
institution, or 1n their own or a competitor's research facility The emerging technology
roadmap includes a forecast of the progress of the technology and evaluates the

company's (and their competitors') capabilities in that technology now and m the future

The product-technology roadmaps introduced by Motorola operate on a much nearer
time frame, and are a collection of documents describing the history of a product line of a
particular group or division, and extrapolating to the future. The roadmap comprises
eight sections, starting with a business description covering business misston, strategies,
market share, sales history and forecast, product hfe cycle curves, product plan,
experience curve (see section AIV.2.1) and competition. The next section is a
technology forecast, which may be based on technology trends (see section AIV.2.1), and
this 1s combined with the product plans to create a technology roadmap matnix (Fig.
AIV.11) which summanses technological requirements for future products by plotting
the products, functional requirements and technologies against time. The remaining

sections mclude reports concerning quality, allocatton of resources, patent portfolio,
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project status reports, and finally a mmonty report - designed to capture minonty points

of view about potentially beneficial products and processes.
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Selectivity Ceranuc resonators SAWs Digital signal processors
Subcarmcr Sterco Paging Data Maps
funchion
IC Technology Linear Spm CMOS 3um CMOS Ipm CMOS
Display LEDs Liquid crystal Fluorescence
Vehicular LAN Single wire Glass fiber
Engital Modulation 500kHz bandwdth
PRODUCTS RECEIVER RECLIVER RECEIVER NEXT FUTURE
1 Il I GENERATION GENERATION
Sterco plus plus plus
Scan Personal Stock market A NEW SERVICE
Seck paging Road information Super H1 Fr
Remote amplifiers Local maps
Remote control

Figure AIV.11 Motorola's technology roadmap matrix for a broadcast automotive FM
receiver (Willyard and McClees, 1987)

Groenveld published a detailed descrniption of the roadmapping process used at Philips
Electronics (Groenveld, 1997) Their product-technology roadmapping is aimed at
improving both the integration of business and technology strategy and the creation of
product 1deas Different depths of detail are required 1n roadmaps depending on whether
they are designed for business strategy discussions or for the operational level The time
frame of the roadmap 1s usually something of the order of 5 years (unless the roadmap
concerns a consumer product with a much shorter lifecycle), which means there 1s an
element of short term planning and an element of long term vision. Tools used to
support creatton of the roadmap include Quality Function Deployment (QFD) and the
Innovation Matrix  QFD 1s a means of establishing what customers want from a
product, and translating this into technical requirements, while the Innovation Matnx
plots technological uncertainty (whether the technology is well understood, proven or not
proven) agawnst the time frame when 1t 1s required to be available Product-technology
roadmapping was implemented differently according to the various requirements of the
different divisions within Philips Electronics. Where groups were functionally

onentated, they had a tendency to generate what was purely a technology roadmap which
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did not take account of the wider world. This needed to be addressed by cross-functional
co-operation  Other lessons learned ncluded the need for management commitment, and

that roadmapping requires sustained time and effort.

BP have used roadmaps to help link their R&D priorities with business strategy, although
their roadmaps do not have an exphcit time frame (Barker and Smuth, 1995) They
emphasise the importance of consulting with as many stakeholders as possible - the
roadmaps are simply a visual summary of these discussions. Their approach involves
extracting technical needs from the business strategy (market pull), and also linking

R&D programmes to commerctal goals (technology push)

A roadmap format developed for Lucas has a much stronger emphasis on the time frame
- a mmimum of 10 years for their automotive business and 20 years for their acrospace
business (Probert et al , 1999). Their chart plots market and external events (such as new
regulations, customer and competitor launches), system demonstrators, components and
subsystems, and technology projects, and linking arrows are used to connect these four
levels of activity (Fig. AIV.12)

External
Events A B C D
System — A A —]
Demonstrator I )
7 Y ¥
v
[ ]
Component/ 4 4
Subsystem ’ T —
Technology : —
Project — —
[ |
1 i
1 1
1995 | 1996 11997 | 1998 | 1999 | 2000 2001

Figure AIV. 12 Lucas technology roadmap (Probert et al., 1999)

The examples given demonstrate that company roadmaps vary considerably between
organisations (see also (Phaal et al, 2001)Ch %), since they reflect the industry sector,
market and nature of the firm itself. The author has yet to find a small company using

the roadmapping techmque, and 1t 15 clear that the mn-depth process used by Motorola
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would be completely inappropnate for a small firm. Attempts have nevertheless been
made to assist compames 1n creating technology roadmaps (Phaal, Farrukh, and Probert,
2000; Phaal et al, 2001), and this process has been tested (with some success) 1n one
small firm. Roadmaps can be very simple documents - while the roadmapping process

can be as detailed or basic as resources allow.

Kappel (Kappel, 2001) observes that the roadmapping process may not provide adequate
early warning when discontinuous change approaches from the outside. This 1s partly
because the roadmaps are often based on extrapolation of trends, which are only really
helpful 1n a stable situation (as has already been observed - see section AIV.2.1).
Kappel suggests that this weakness could be overcome by using scenario techniques as

part of the roadmapping process.

The particular value of company roadmaps is their role as a communication tool (Probert
and Shehabuddeen, 1999; Groenveld, 1997; Barker and Smith, 1995). They can be used
within companies to create a shared vision which integrates business and technology
strategies, and they can also be used to help align the technology strategies of customers
and suppliers where there 1s mutual benefit in doing so. From interviews in the UK with
a senior technology manager mn an automotive first tier supplier, and a supplier
development manager 1n a defence company, it is apparent that suppliers' technology
roadmaps are now beginning to be assessed as part of the benchmarking and selection of
suppliers. It may therefore be increasingly desirable for small compames to prepare and
maintamn a product-technology roadmap m order to convince potential customers that

they are technologically prepared for the future, and thus win business.

AlV 4. Conclusions

In conclusion, there are some key points and principles which can be drawn having
examined the techniques available for technology lookahead in small firms For some
firms, 1t may be enough simply to take on the principles of technology lookahead —1¢
having a forward- and outward-looking attitude. This will enable the company to make
good use of the informal sources of technological information surrounding 1t, such as
customers, suppliers and other business contacts. Yet for firms whose business is heavily
technology-based, 1t may be worth implementing some level of formality into the

technology lookahead process, particularly where the technological environment 1s
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uncertain  This should ensure that the activity is not forgotten 1n times of crisis, when
decisions should be made 1n hght of the long-term needs of the company as well as the

urgent needs of the moment.

The techmques described in this appendix should be seen as a toolkit of possible
approaches to technology lookahead. There 1s no suggestion that 1t 1s necessary for every
company to attempt to use all of the techmques described - instead it will depend on the
individual situation of each firm which techniques may be appropriate. Momtoring and
scanning the environment 1s relatively simple for any firm to do, and 1s useful regardless
of whether the firm behieves 1tself to be n a stable or a rapidly changing industry. It may
be more beneficial to have a broad understanding of the technological landscape than to
spend too much time analysing particular areas 1in great depth, but the degree to which
monitoring and scanning should be systematic will correspond to the turbulence of the
environment. Techniques such as technology trend extrapolation and bibliometrics may
fulfil certain needs for future technological information in high technology based firms,
although trends are only really helpful where there are a limited number of technologies
competing on the same performance cntena n a fairly stable environment. Where the
industry 1s a lot more chaotic 1n terms of market and technology drivers, the opinion of
experts can be accessed by small companies through public sources such as Foresight
and industry roadmaps This information will have to be interpreted carefully by the

small firm in the context of their own situation

A major difficulty for small firms 1s the lack of time to engage in technology lookahead.
Where finance 1s less of a problem, the answer may be to employ specialist consultants.
While consultants may be utilised to find the relevant information for technology
lookahead, the employees and directors of the firm must also be deeply mnvolved in the
lookahead process. This 1s important because decisions will have to be made regarding
the best technological direction for the firm, and this will depend very much on current

capabilities, products and markets.

Having 1dentified which technologies are likely to be important 1n the future, the next
step 1s to plan when and how to acquire or develop the relevant technology. This
decision will be affected by a complex set of factors, including the expected actions of
competitors, the nsk and uncertainty surrounding the new technology, the current

technological position of the firm, and the likely enthusiasm of existing and potential
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customers for adopting the new technology quickly. At this stage, technology and other
types of business planning must be properly integrated, and formal processes such as
scenar1o planning and company roadmapping may be helpful as a means of assembling
all the relevant information and achieving consensus amongst all the stakeholders. If
detailed documents are prepared, then they will serve to stimulate communication and

ensure that all the relevant factors are considered 1n setting prionties for the company.

The greatest benefit of the techniques described in this appendix comes from
participation in the process, not from the predictive power of technology lookahead. By
developing a mindset which recognises the influence of drivers in technology, the market

and society, the small firm can develop 1ts technology base for maximum competitive

advantage.
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