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ABSTRACT

The importance of design to enhance innovation in businesses has gradually diversified with the
expansion of the meaning and influences of design, and is now regarded as a critical strategic tool
to increase commercial competitiveness and sustainable growth in a complex global market.
Concurrently, the importance of embracing the extensive scope of innovation - including
technological, product/service, process and organisational innovation - in businesses, especially in
manufacturing companies, has been identified by scholars, industry bodies and the government as a
way to avoid the ‘locked-in’ effect of existing technology and a business model which could hinder
competitiveness. In this context, innovative manufacturing is regarded as an enabler for developing
advanced and high-value manufacturing, which are considered as being of strategic importance in
achieving the UK’s global competitiveness and economic balance. The research, however,
identified a relatively narrow view and use of design in innovative manufacturing, limiting the
potential benefits of ‘designing’, ‘design strategy’ and ‘corporate-level design thinking’ to
systematically enhance the extensive scope of innovation. The research therefore aims to create a
design innovation framework to provide a comprehensive overview of design innovation actions
and influences for UK innovative manufacturing companies to further improve innovativeness. The
research consists of three phases: (i) the exploration phase, which explores the expanding role of
design and innovation, and the context of UK innovative manufacturing, (ii) the development phase,
which establishes the relationship between design and innovation in the business context, and
discovering the design innovation characteristics which form the design innovation framework and
its implementation process, and (iii) the evaluation phase which identifies the adaptability and
usefulness of the framework in the innovative manufacturing context. Both quantitative and
qualitative methods were used, including a questionnaire survey (n=48), in-depth interviews with
academics and industrial experts in manufacturing and design innovation (n=36), and case-studies
of UK innovative manufacturing companies (n=46). The research identified twenty design
innovation characteristics with six main benefits including: (i) problem/opportunity identification,
(ii) extensive collaboration, (iii) clear communication, (iv) innovative product and service
development, (v) effective process development, and (vi) work culture and environment
improvement. The design innovation framework and implementation process recommended by the
research therefore provide a comprehensive overview of the influence of design innovation to
achieve creative idea generation, optimise the business environment, and successful
commercialisation which enables the improved product/service, process and organisational

innovativeness of UK innovative manufacturing companies.
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Chapter 1. Introduction and overview of research

1.1 Introduction

Manufacturing companies now regard design and innovation as important for increasing
competitiveness and sustaining growth. Their contributory roles in business activities,
developing products which add value for both businesses and customers are now
acknowledged and practised by many companies. However, the expanding meaning and
benefits of design through designing (activity), design strategy (managing design
strategically) and corporate-level design thinking (creative business management), and
innovation through technological, product/service, process and organisational innovation
are not acknowledged and practised enough, to the detriment of global competitiveness in
an increasingly complex market. The background to these issues will be discussed in this
chapter, which identifies the research problem and rationale. The aim, objectives and
research questions will be presented with an overview of the thesis. The chapter outline is

shown in Figure 1.1.

Introduction

;

Research background

I

The research problem and rationale

}

Research questions, aim and
objectives

}

Structure of the thesis

!

Chapter summary

Figure 1.1: Chapter map



The initial research identified the research problem and rationale in order to formulate the
aim of this research which is to create a design innovation framework that provides a
comprehensive overview of design innovation actions and influences for UK innovative
manufacturing companies to further improve innovativeness to enable sustained growth
and increased competitiveness. The research investigates the widening areas of design and
innovation for UK innovative manufacturing, to provide a holistic overview of the issues
and relationships, and create theories which are applicable to UK innovative manufacturing

companies and design innovation professionals.

1.2 Research background

The meaning of design in a business context has expanded over the years; it is no longer
simply about enhancing aesthetics and functionalities, but has become an important factor
in making business successful (Mozota, 1990, Rassam, 1995, Press and Cooper, 2003,
Swann and Birke, 2005, Mozota, 2006, Valtonen, 2007, DC, 2008b, Neumeier, 2008, DC,
2012a). With this expansion, the importance of design management and ‘Design thinking’
has raised the issue that the design process should be seen more as a strategic business tool
for increasing competitiveness by providing a holistic in-depth understanding of the market
(trend identification), users (empathic research) and future direction (forecasting) which
together can influence creative opportunity identification and problem-solving (Gorb, 1986,
Blaich, 1988, Gemser, 1997, Trueman and Jobber, 1998, Mozota, 2002, Brown, 2009,
Fraser, 2009, Martin, 2009, Banks, 2013). This change in the design paradigm has been
noticed by successful business leaders and is an agenda which companies take increasingly
seriously (Boland Jr. and Collopy, 2004, Sands, 2008, Lockwood, 2009, McCullagh, 2010,
Rae, 2013, DC, 2014, Joziasse and Selders, 2009), regarding design as an enabler for
enhanced and sustained innovation (Walsh, 1996, Bruce and Bessant, 2002a, Bertola and
Teixeira, 2003, CEC, 2009, Kyffin and Gardien, 2009, Verganti, 2009, DC, 2011, DC,
2015, DTI, 2003, Tether, 2009).

The UK has for decades been a strong manufacturing nation, since the industrial revolution
historically made it one of the most powerful nations globally. More recently, however, the
emphasis of the UK economy has shifted towards service industries, its GVA reaching 76



per cent of GDP compared to 13 per cent in manufacturing industry (WEF, 2010).
Manufacturing has steadily declined over the years, with warnings from manufacturing
organisations such as the UK Engineering Employers’ Federation (EEF) forecasting that if
the decline is not addressed, the entire UK economy will suffer the consequences (EEF,
2009). The importance of manufacturing industry in the UK economy is still undeniable,
accounting for 50 per cent of exports with three million jobs (14 per cent of the workforce)
and £152bn of output (Prest, 2008). However, with GDP growth declining in the second
quarter of 2009 during the global financial crisis to as low as approximately minus six per
cent (ONS, 2010), some commentators argue this may be due to the UK's over-reliance on
the services industry, and that the recovery may have been slower than that of other
European countries such as Germany and France (BBC, 2009). During the financial crisis,
manufacturing industry was arguably the unsung hero of the UK economy, holding
together the nation’s economy according to Temple (2011), who also states that as a nation
the UK is finally recognising the importance of 'making things' and having a 'better-
balanced' economy. The UK government consequently announced that the goal for the year
2020 is to grow UK manufacturing (BIS, 2010b) with the emphasis on advanced (BIS,
2009, BIS, 2010b), high-value (TSB, 2011c, TSB, 2012b) and innovative manufacturing
(TSB, 2011b). However, the world rank of the manufacturing competitiveness of the UK is
predicted to drop from 15" in 2013 to 19" by 2018 (Deloitte, 2012).

Innovation takes multiple forms: technology development, commercialisation and
organisational culture (Utterback, 1986, West and Anderson, 1996, Peters, 1997, Cumming,
1998, Boer and During, 2000, Kelly, 2001, Tidd et al., 2005, Fagerberg, 2006, Keeley et al.,
2013) in almost all social-economic areas (Baregheh et al., 2009). It is still one of the top
agenda items for top-level managers in companies around the world (BCG, 2014, PWC,
2014) where its performance is regarded as determining a company’s success (Tucker,
2001, DTI, 2006, Hansen and Birkinshaw, 2007, Love et al., 2009, Jolly, 2010, PWC,
2013a). The importance of innovation in manufacturing companies is also apparent from
academic, industry and government perspectives (Moody, 2001, ReVelle, 2002, Trott,
2005, Guan et al., 2006, Laforet and Tann, 2006, Sainsbury, 2007, BERR, 2008, BIS,
2011a, TSB, 2011b, EEF, 2014).



1.3 The research problem and rationale

Manufacturing in the UK is considered important by the UK government and industry,
where innovation is acknowledged as a key to increase competitiveness and ensure
prolonged growth for businesses. Innovative manufacturing has great value for developing
manufacturing industry and the UK economy as whole, and the wider spectrum of design
Is recognised as an essential link between creativity and innovation, where expanding the
use of design at the operational (the action of designing products/services), strategic (the
methodological process), and corporate (the philosophical principle) levels of business is
becoming an important agenda for globally successful companies. Despite the interlinking
relationships between design, innovation and manufacturing development, the wider
spectrum of design is sparsely used in UK manufacturing companies despite UK having
one of the most advanced creative industry in the world (Cox, 2005). The limited use of
design even at operational level is examined in two studies by the Design Council (2007)
and Livesey and Moultrie (2009). By the nature of the manufacturing industry, design is
used more than in any other sector, but the studies show that the use of design is
overwhelmingly in technical design for manufacturing companies, compared with other
sectors such as retail, finance and service, which use different types of design more widely.
However obvious this may seem, it contributes towards the manufacturing industry
underutilising design with a steady level of creative sector GVA (approximately ten per
cent) between 1992 to 2003, where during the same period the service industry increased

its creative sector GVA from forty per cent to approximately ninety per cent (Cox, 2005).

Governmental and non-governmental support is available to companies to use the wider
spectrum of design. Among the more systematic support is The Design Council’s
Designing Demand, which manifests the value of design by helping companies at different
levels of design maturity with mentorship from Design Associates (DC, 2010). Innovate
UK (formerly the Technology Strategy Board or TSB) on behalf of the UK government
supports manufacturing companies similarly with Design Options (TSB, 2012a), using the
design mentor approach to help a business identify the commercial value of their R&D
efforts. A more active interest in using the broader design spectrum in manufacturing is led
by The Design Council (DC, 2014, DC, 2015); the main agenda for the 2015 Design

Council Summit was design and manufacturing in the UK. However, there is greater



emphasis in manufacturing industry on innovation (PWC, 2013c, Coad et al., 2014, EEF,
2014) where it is much more widely mentioned in the manufacturing sector than design.
Despite this recognition, the limited use of broader spectrum innovation - including
product, process, marketing and organisation (OECD, 2005, Teece, 2010, Keeley et al.,
2013) - is also apparent in manufacturing companies where NESTA warns that not using
“hidden innovation” to achieve “Total Innovation” could be a pivotal disadvantage to
achieving sustained global competiveness in the complex global market by being “locked-
in” to existing technologies and business models (NESTA, 2008b). This limited
perspective of innovation also applies to innovative manufacturing, where the focus is
predominantly on technological and product innovation (Mosey et al., 2002, Laforet and
Tann, 2006). Expanding the use of innovation towards Total Innovation is therefore an
important agenda for UK innovative manufacturing companies to increase their global

competitiveness.

Promoting the value of design to encourage the use of the broader spectrum of design
occurs in two ways: firstly, by demonstrating the financial benefit of design (DC, 2004,
DC, 2012a, Rae, 2013), and secondly, by using a comprehensive overview to show the
benefits (Cooper and Press, 1995, Best, 2006, Mozota, 2006, Bruce and Bessant, 2002a,
DC, 2011). Providing information about the financial benefits of design can be highly
effective, especially for top-level managers to appreciate the value of design for company
growth. However, the limitation is that design has to have distinctive boundaries within the
company, i.e. design spend must be defined as an exact proportion of Return of Investment
(ROI) for design, which can be difficult to define. Encouraging the use of design by
providing information on the expanding spectrum of design and its effects on businesses
can provide a vital opportunity for companies to consider design when seeking to increase
their competitiveness. However, this depends heavily on the perception of design and the
willingness of top-level management to accept design as important for their company (DC,
2014). This is where innovation becomes important. As already explained, manufacturing
companies - particularly innovative manufacturing companies — regard innovation as
important, and although it is usually limited to technological innovation, more active

conversations take place, so innovation is more highly accepted than design. Therefore,



demonstrating the influences of design for innovation achieves better implementation of

design through a better understanding and acceptance of the broader design spectrum.

Despite this opportunity, limited empirical research has been done to provide a
comprehensive overview of design and its effects on improving different types of
innovation in the context of innovative manufacturing companies. The relationship
between design and innovation can be found in several literatures, rather, it is harder to
find a text which does not associate design with innovation. However, depending on the
focus of the research, either design or innovation is generalised or marginalised (Cumming,
1998, Freel, 2000, OECD, 2005, Gemser et al., 2011, Visser, 2009), which can cause
confusion for companies which seeks to improve a particular type (area) of innovation but
with limited knowledge of the broader design spectrum. This can also lead to increased
“fuzziness” of the importance of design for innovation, which is particularly problematic
for convincing the innovative manufacturing companies about the extensive benefits of
design to increase innovativeness. Hence “providing formal framework for design
reasoning has become a vital issue, which goes well beyond academic circles as
industrialists are also voicing their concerns” (Le Masson et al., 2010:63). Developing a
framework which provides a comprehensive overview of the wider spectrum of design and

its influences on different types of innovation is therefore timely and important.

This research therefore considers both theoretical knowledge creation and the practical
application of the theory, which has the potential to benefit: (i) the academic discipline of
design, innovation and manufacturing management by enhancing the understanding of
design’s beneficial influence on innovation for the UK innovative manufacturing context,
(i) innovative manufacturing companies, including their top-level managers and design or
innovation managers, by providing a framework and its implementation process, with a
comprehensive overview of design innovation, its actions, effects and benefits which can
be applied to enhance their innovativeness, and (iii) design innovation support
organisations (governmental and non-governmental organisations and commercial design
innovation consultancies), by providing a systematic schematics of design innovation areas
empirically proven to nurture innovation, which can be used to convince innovative

manufacturing companies to utilise design more extensively to achieve Total-innovation.



Through these benefits, manufacturing industry can grow in the complex global market,

thereby increasing the overall competitiveness of the nation.

1.4 Research questions, aim and objectives
Background research and further literature reviews (Chapter 2) were conducted to
understand the research context (design, innovation and manufacturing), and identified the

following research questions:

(Q1l) What are the perception and utilisation of design in UK innovative manufacturing
companies?

(Q2) What are the design innovation influences that enable UK innovative
manufacturing companies to further increase their innovativeness?

(Q3) How can innovative manufacturing companies implement design innovation and

embrace the benefits to improve business performance?

The research aims to create a design innovation framework to provide a comprehensive
overview of design innovation actions and influences for UK innovative manufacturing
companies to further improve innovativeness which enables sustained growth and
increased competitiveness. Design Innovation is here defined as a creative process with the
outcome of enabling increased innovativeness in a company by using the full design
spectrum, including designing (action to create products/services), design strategy
(management of the design process), and corporate-level design thinking (the philosophy
and method of design applied in managing a business holistically). The outcome of design
innovation can thus be radical and/or incremental changes in product, service, process,
organisational culture, and/or the business model. An Innovative Manufacturing Company
is defined as a commercial organisation in the manufacturing sector which recognises the
importance of innovation by (i) continuously introducing new or improved
products/services, (ii) improving production processes, (iii) actively seeking new markets,
(iv) collaborating with external organisations such as universities, (v) improving ways of
working, and/or (vi) winning innovation prize(s). The research identified that innovative

manufacturing is an enabler for advanced manufacturing to expand into high-value



manufacturing, and a catalyst for other manufacturing companies to increase their
competitiveness in the global market (see Chapter 2 and Chapter 4). Therefore scope of the
research includes design, innovation and manufacturing, providing overview of each areas
and bringing together the theories and practical knowledge through the design innovation
framework (see Figure 1.2). In order to answer the research questions and fulfil the aim of

the research, the following objectives were constructed:

(OB1) To review existing theories about the use of design and innovation in businesses, to
understand the scope of the relationship between design and innovation

(OB2) To investigate UK manufacturing’s contribution to the UK economy and national
competitiveness and establish a definition of UK innovative manufacturing, and its
relationship with advanced and high-value manufacturing, to identify their strategic

importance

(OB3) To investigate UK innovative manufacturing companies’ current perception and
utilisation of design, in order to understand the issues surrounding design

(OB4) To identify the relationship between design and innovation by creating and
evaluating a design innovation spectrum, which is an overview of design

innovation in innovative manufacturing companies

(OB5) To identify design innovation characteristics containing actions and the benefits of

design innovation for UK innovative manufacturing companies

(OB6) To create and evaluate a design innovation framework, including an
implementation process for UK innovative manufacturing companies to further

increase innovativeness and encourage business growth.
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1.5 Structure of the thesis
The thesis comprises eight chapters which describe the research journey undertaken to
construct the design innovation framework and its implementation process. Overview of

structure for the thesis is shown in Figure 1.3 with further details explained in this section.

Chapter 1 is an overview of the research, using background research to identify the
problems and the apparent lack of studies comprehensively exploring current design and
innovation trends, and their extensive benefits to innovative manufacturing. The research
questions arose from background research and the literature review of current theories,
seeking answers about the research gaps in: (i) the perception and utilisation of design in
innovative manufacturing, (ii) the relationship between expanding areas of design in
extensive areas of innovation, (iii) design innovation characteristics and their influence on
innovative manufacturing companies to increase innovativeness, and (iv) an appropriate
implementation process to embrace expanding areas of design innovation. The research
rationale and aim were created and the subsequent formulation of the objectives to achieve

the aim.

Chapter 2 comprises the literature review results, and a discussion about the fundamentals
of design and innovation, acknowledging the complexity of their meaning and the
expanding parameters of both design and innovation. Theories about the relationship
between design and innovation are also discussed, eventually defining the term “design
innovation’ for this research: a creative process and its outcome which enable increased
innovativeness of a company by using the full design spectrum, including designing
(action to create a product), design strategy (management of the design process), and
corporate-level design thinking (the philosophy and method of design applied to business
management). Chapter 2 also discusses the importance of UK manufacturing, which is
regarded as key to a stable balanced UK economy. In order to develop competitive
manufacturing in the complex global market, advanced, high-value and innovative
manufacturing are identified as strategically important. Among the different types of
manufacturing, innovative manufacturing seeks to provide the balance between efficiency
and innovation, yet the apparent absence of any extensive use of design is also identified

and discussed in this chapter.

10



Chapter 3 explains the methodological approach of the research, and discusses theoretical
descriptions of epistemology, theoretical perspectives and the various research methods
which were adopted. The research uses constructivist epistemology with an interpretivist
theoretical perspective with an inductive approach to conducting explorative research. This
approach, adopted because the research deals with complex objects (design innovation and
innovative manufacturing), seeks to provide both theoretical and practical answers to the
enquiry by creating a design innovation framework and its implementation process to find
the meaning to further improving innovativeness in UK innovative manufacturing
companies. The formulation of the research strategy is followed by a discussion of the
research design which includes exploration, development and evaluation phases. The
chapter therefore provides justifications, sampling and analysis techniques of the
exploratory interview, questionnaire survey, in-depth interviews and case-study methods.
The research uses both qualitative and quantitative methods to increase the reliability of
the research. The research is also designed to increase validity by continually evaluating
the research outcomes. The reliability, validity and research ethics are also further

discussed in this chapter.

Chapter 4 discusses the exploratory phase of the research with findings from the
exploratory questionnaire and interviews to provide an overview of innovative
manufacturing. A contextual model of UK innovative manufacturing is created in this
chapter, firstly to identify the relationship with advanced and high-value manufacturing,
and secondly to extend the meaning to show the relationship with various types of
innovation and integrated business values. A discussion follows about the perception, role
and utilisation of design in UK innovative manufacturing, which identified the paradox
that innovative manufacturing companies understand the importance of design but have a
limited understanding of design’s extensive benefits. The discussion continues with
examples from the in-depth interviews with manufacturing experts, which also addresses

the apparent lack of awareness of the benefits of design.
Chapter 5 presents the development of the design innovation spectrum, which was

constructed by combining the design spectrum - designing, design strategy and corporate-

level design thinking - with the innovation spectrum - technological, product/service,

11



process and organisational innovation. The theories relating design and innovation in the
commercial environment are analysed to create an initial spectrum, which was then
evaluated using a series of in-depth interviews with design innovation experts, including
top-level managers of design innovation consultancies and senior managers in design and
manufacturing support organisations. The interview findings provided a practical
evaluation of the design innovation spectrum which resulted in the creation of design
innovation spectrum that is both theoretically and practically comprehensive. The case-
study findings are then discussed, placing the spectrum in real-life situations in UK

innovative manufacturing companies.

Chapter 6 identifies the design innovation characteristics - including design innovation
actions, effects and benefits for innovative manufacturing companies - through analysis of
in-depth interviews with design innovation and manufacturing experts and the literature
review. Twenty characteristics were identified: technology utilisation, quality improvement,
computer aided design (CAD), technical design, aesthetics, function/usability,
product/service value promotion, graphics/website, user need/demand, market
need/demand, feasibility testing (prototyping), knowledge capture/transfer (KM), external
collaboration, internal collaboration, top-level management support, physical work
environment, investment, company vision/values, the unique selling proposition (USP) and
the business model. These characteristics were then placed in the design innovation

spectrum to provide a positional overview in a business context.

Chapter 7 discusses the construction of the design innovation framework and its
recommended implementation process. The twenty design innovation characteristics were
further categorised into six benefits of design innovation: problem/opportunity
identification, extensive collaboration, work culture/environment improvement, efficient
process development, clear communication, and innovative product/service development.
The main goals of design innovation identified through further analysis include: creative
idea generation, optimising the business environment, and successful commercialisation.
The discussion continues with the findings from evaluation interviews with design

innovation and manufacturing experts, to finally recommend a design innovation

12



framework and implementation process which will enhance the innovativeness of UK

innovative manufacturing companies.

Chapter 8 concludes the research by reviewing the key research findings against the aim
and objectives. Theoretical and practical research contributions are discussed,
acknowledging the research limitations of the topic, data collection and analysis, and

validation. Recommendations were made on this basis for further research in this chapter.

1.6 Chapter summary

This chapter has provided the background to the research and identified the research
problem and the subsequent research rationale. The importance of UK manufacturing
development is briefly explained, with innovation considered as a key to achieve global
competitiveness and prolonged growth. The scarcity of empirical research about this
context, which individually relates to each different area of design and innovation, is
identified - which may be a key to ensuring better adoption of design at all levels of
business to further enhance the innovativeness of UK innovative manufacturing companies.
The aim, objectives and research questions were presented with an overview of the thesis

structure.

The next chapter presents an in-depth review of literatures in design and innovation that
identifies the expanding role and parameters of design and innovation, their relationship.
The importance of manufacturing with particular focus on innovative manufacturing for

the UK is also discussed in the Chapter 2.

13
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CHAPTER 2. Literature Review

2.1 Introduction

The meanings of design and innovation vary greatly depending on the individuals,
background knowledge and experiences involved. Both are large complex topics which
elicit diverse theories and opinions from both academics and practitioners. It is therefore
important to establish the meanings of design and innovation adopted for this research, to
provide a clear understanding of their roles, implications and capabilities. An overview of
the topics discussed in this chapter is shown in Figure 2.1. The first two sections discuss
theories of design and innovation separately, deconstructing each to enable a better
understanding of the elements of the constructs and expanding parameters of design and
innovation. Design here includes designing, design strategy and corporate-level design
thinking, while innovation includes technological, product/service, process and
organisational innovations. A discussion then follows of the relationship between design
and innovation where ‘Design Innovation’ for this research is defined as a creative process
with the outcome of enabling increased innovativeness in a company by using the full
design spectrum, including designing (actions to create products/services), design strategy
(management of the design process), and corporate-level design thinking (the philosophy

and method of design applied in holistic business management).

This is followed by a literature review of UK manufacturing, to identify its importance in
the national economy. High-value, advanced and innovative manufacturing are identified
as strategically important for developing UK manufacturing competitiveness. The
relationship between the three types of manufacturing is discussed with reference to the
literatures. The theory of innovation and manufacturing is studied in greater depth,
identifying the indicators of innovative manufacturing companies as commercial
organisations in the manufacturing sector, recognising the importance of innovation by (i)
continuously introducing new or improved products/services, (ii) improving production

processes, (iii) actively seeking new markets, (iv) collaborating with external organisations
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such as universities, (v) improving working practices, and/or (vi) winning innovation

prize(s).
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Figure 2.1: Chapter map

2.2 Design

The definition and scope of design have been debated from many perspectives throughout
history (Visser, 2009, Erichsen and Christensen, 2013). These diverse areas and concepts
have made it difficult for both non-designers and designers alike to grasp a clear meaning
of design (Trueman and Jobber, 1998, Mozota, 2003). Table 2.1 illustrates this point by
describing the work of design from four perspectives in a commercial environment, with
various meanings and expectations depending on the different viewpoints (Roy, 1994,
Walsh, 1996). The definition of design also changes according to the context in which it is
used, so design is a highly fluid concept, almost impossible to pin down with a definitive
description (Tether, 2005).
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Table 2.1: Various perspectives of the work of design in a firm

Designers Managers Consumers Strategic Management
. - e product . . . .
creativity differentiation from crea’_uon of new styles add_lng value to
e problem- . fashions and images business,
. competitors . A .
solving : e product * increasing production
* making people want ' o . !
e art . improvement: easier | ¢  efficiency in the use of
. to buy, even in a i ;
e technical recession to use, longer lasting materials and energy
performance | , 3 product’s or energy-saving e generating increased
e ergonomics P L * value for money profits
commercial impact

Source: Adapted from (Roy, 1994, Walsh, 1996)

This section discusses the fundamentals of design, including its disciplines, its relationship
with creativity, the actors and process, together with a deconstruction of design to better

understand its elements in a business context.

2.2.1 Fundamentals of design

The word ‘design’ is both a noun and a verb (Bruce and Bessant, 2002b, BSI, 2008,
Cooper and Junginger, 2009). The noun often refers to both tangible and intangible
artificial outputs created by specific design disciplines: engineering design, product design,
fashion design, graphic design, and service design etc., (Cooper and Press, 1995, Bruce
and Bessant, 2002b, Best, 2006). The verb ‘design’ usually describes a cognitive activity
which improves a situation (Simon, 1996, Verganti, 2009, Visser, 2009). It is also
described by a C-K theory where C represents concepts and K describes knowledge, where
design is a systematic expansion of concept simultaneously using and creating knowledge
at the same time (Hatchuel and Weil, 2003, Le Masson et al., 2010). BIS (2010a) describes
the six essential characteristics of design as: (i) multi-faceted, (ii) a link from creativity to
innovation, (iii) offering competitive distinction, (iv) planning and problem-solving, (v)
progressing from chaos to order, and (vi) system thinking. Visser (2009) also characterised
design as a cognitive approach, describing design as (i) a cognitive activity, (ii) a problem-
solving activity which includes problem-structuring and problem-solving, (iii) an activity
which deals with ill-defined (‘wicked”) problems which can rarely be broken down into
sub-problems yet have multiple possible solutions rather than one ‘correct’ solution, (iv) a
‘satisficing’ activity which seeks all possible solutions and chooses the best solution, (v)
an activity which generates an initial solution kernel in the early stages of a project by

setting a few simple objectives, (vi) an activity whose problems and solutions have no pre-
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existing criteria to conduct objective evaluation where designers’ tacit knowledge is
referred to in tandem with technical criteria to agree a best solution, (vii) an activity which
re-uses knowledge from previous projects, and (viii) an activity which is often
opportunistically organised, making it non-systematic and multidirectional. These
characteristics reinforce the concept of design as a problem-solving, creative, systematic
and co-ordinating activity (Mozota, 2003) which links creativity and innovation (Cox,
2005). The meaning of design for UK businesses was surveyed with 1,500 UK firms by
PACEC for The Design Council. The overwhelming majority regarded design as a tool to
“develop new products and services” (75%) and “how products look™ (74%) as shown in
Figure 2.2, predominantly focusing design on its outcome but not as “a strategic business

tool” (34%), about which businesses were least able to agree (Tether, 2005).

e 10% 2006 30% 40% 50% 60%  TO%  80%  90% 100%

... used to develop new products and services

<. about how products look |'.l‘4°én

... about products working to meet client needs

... & creative thinking process |50°o 1

... used to produce something that will *sell”

T T T T
" l

... a strategic business tool (for differentiation) 34%
i

| | 1 I

I ! l

|
«.. None of the above ] 3%

@ Percentage of Respondents Agreeing with the Statement

Figure 2.2: The meaning of design for UK businesses (Tether, 2005:2)

This thesis, however, adopts a holistic view of design, defining design as:

‘a multi-faceted cognitive process and its practical outcome which identify and create

optimum solutions to problems by linking creativity and innovation.’

2.2.1.1 Design disciplines

David Walker’s Design Tree Diagram (Figure 2.3,(Cooper and Press, 1995) describes the
historic root of the various design principles, representing a realm of design in both art and
science which stems from the craft roots. Von Stamm (2008) describes diversity in design

as an evolution which resulted from the Industrial Revolution where work specialisation
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required the separation of design into ‘design as art’ and ‘design as engineering’ (von

Stamm, 2008).
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Imagination
Tactile proparties Manipulation

Visualization Testing

Figure 2.3: Design tree diagram (Cooper and Press, 1995:27)

Von Stamm quotes Ivor Owen, former Director of The Design Council, describing a darker
side to this evolution where the separation between engineering design (design as
engineering) and industrial design (design as art) is damaging in manufacturing industry as
almost all products need a balance of both. However, design diversification becomes more
apparent as more design disciplines are added to accommodate changing market demands
such as web-design, interaction/interface design, service design, etc., not listed in the
Design Tree but now universally regarded as design disciplines. Design disciplines are
distinguished by their outcome, so design is seen as an activity to reach a specific outcome
set by the stakeholder, whether commercial or non-commercial (DC, 2007, Press and

Cooper, 2003).

2.2.1.2 Design and creativity
Creativity is one of design’s most important traits, described by Bruce and Bessant (2002b)
as an “engine behind design”. Their definition of creativity as “the ability to combine ideas

in new ways to solve problems and exploit opportunities” (Bruce and Bessant, 2002b:32) is
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particularly relevant in a business context, where generating ideas fulfils all aspects of a
particular business purpose, from designing a new product/service, to production,
marketing and distribution (DTI, 2005). Creativity is thus not limited in a company to
activities which help develop a new product or service. This is further demonstrated by the
Institution for Business Value survey of 1,500 CEOs which identified ‘creativity’ as the
most important leadership competency for the successful enterprise, which brings the

importance of being creative to top-level business management (Businessweek, 2010).

Figure 2.4: The three components of creativity (Amabile, 1998:78)

Amabile (1998) and Kelly and Kelly (2013) also cite creativity as essential to business
success, emphasising that it should be encouraged and practiced in businesses. According
to Swann and Birke (2005), the characteristics of creativity includes bisociation, autonomy
and incubation. Similarly, Amabile (1998) identifies three components of creativity:
expertise, creative thinking skills and motivation (see Figure 2.4) which function together
to enable creativity. Creative traits are explored in more detail by von Stamm (2008) who
lists thirty-two creative traits, relating them to designers’ traits (see Figure 2.5), showing

remarkable similarities.

Sensitive Question asker Ingenious Curious

Not motivated by money Can synthesise Energetic Open-ended
Sense of destiny Able to fantasise Sense of humour Independent
Adaptable Flexible Self-actualising Severely critical
Tolerant of ambiguity Fluent Self-disciplined Non-conforming
Observant Imaginative Self-knowledgeable  Confident
P_ercelve the world Intuitive Specific interests Risk-taker
differently

Sees possibilities Original Divergent thinker  Persistent

Figure 2.5: Creative traits - with designers’ traits in bold (von Stamm, 2008:21)
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The relationship between creativity and design is clearly evident from the similarities of
their various traits. Design is thus regarded as a principle which can be applied to business
management (Boland Jr. and Collopy, 2004, Martin, 2009). However, there is constant -
often unintentional - tension between creativity and business imperatives or the need for
stability and efficiency. This can be a hindrance when using design to develop a creative
culture for a company, which may reduce the chance of increasing the company’s
competitiveness (Amabile, 1998, Trott, 2005).

2.2.1.3 Designers and design professionals

The question “who are the designers?” is also complex because of the fluid meaning of
design, depending on the context in which the word is used. In an attempt to simplify the
meaning of design, the BIS (2010a) states that “design is what designers do”. Papanek
(1985) also suggests that everyone is a designer because design is fundamental to all
human activity. However, in a commercial context, this broad definition of ‘designers’ can
cause confusion. In this context, a designer is usually classified as someone who has
educational and/or commercial experience of one of the design disciplines described earlier.
Design and market orientation are distinct but both are necessary to be successful in the
market (Moll et al., 2007). The comparison between design thinking and business strategy
(Liedtka, 2010) in Table 2.2 shows the conflict of interest between design and business
where design tends to focus on creativity, emotions and pursuit of novelty, yet the business

focuses on logic, rationale and stability.

Table 2.2: Comparison of design and business strategy

Design Business
Underlying Assumptions Subjective experience; Rationality, objectivity;
reality as socially constructed reality as fixed and quantifiable
Method Experimentation aimed at Analysis aimed at proving one
iterating towards a “better” “best” answer
answer
Process Doing Planning
Decision Drivers Emotion; experiential models Logic; numeric models
Values Pursuit of novelty; Pursuit of control and stability;
dislike of status quo discomfort with uncertainty
Level of Focus Movement between abstract Abstract or particular
and particular

Source: (Liedtka, 2010:9)
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Walker (1990) and McCullagh (2006) further compared the difference between designers
and managers (strategists), arguing that designers are likely to be creative problem-solvers
compared to business strategists and managers who are more analytic, logic-driven
problem-solvers. Moreover, designers tend to be empathic towards the user, whereas
managers and business tend to focus more on the company’s difficulties and challenges.
However, in reality it is less distinctive than the authors describe, where the design activity
and design decisions in a firm involve characteristics of both designers and non-designers
e.g. engineers, programmers and managers (von Stamm, 2008). The question “who are the
designers?” is thus paradoxical in this context. Gorb and Dumas (1987) introduced the
‘silent designer’ in a firm, who has important design decision-making responsibilities
without any design training. This research views design holistically, so adopts the ‘silent
design’ theory. To avoid confusion, the practitioners who are trained in design disciplines
will be termed “design professionals’, so the term “‘designers’ will be used to describe both
the design professionals and the silent designers who make a significant contribution in
design decisions. The term “design thinkers’ will also be used to describe the people in a
firm who use design principles and methodology in areas other than designing
products/services.

2.2.2 Expanding role of design in businesses

The significance of design in the business context has recently expanded and is no longer
simply about enhancing aesthetics and functionalities: design has become an important
factor in making business successful (Mozota, 1990, Press and Cooper, 2003, Valtonen,
2007), because design has a prominent role in all origination and manufacturing processes
(Howkins, 2002). The Design Council consistently conveys the message that design
benefits business performance because businesses which invest in design increase their
revenue twentyfold, net operating profit fourfold, and export fivefold (DC, 2012a).
Another Design Council study measuring the relationship between the effective use of
design and share price performance (DC, 2004) shows that design-led companies
outperformed FTSE 100 and FTSE All Share indices by more than 200 per cent between
December 1993 and December 2004. Hertenstein et al. also provide evidence of design
effectiveness on company financial performance (Hertenstein and Platt, 2001, Hertenstein

et al., 2005) The argument that design is good for business is based on a good design
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being a source of competitive advantage, avoiding competing on price alone by: (i)
creating new products and services, (ii) adding value through innovation, (iii) stimulating
exports, and (iv) attracting investment and identifying markets (DC, 2008b). Numerous
other literatures describe the benefits of design; Trueman and Jobber (1998) describe
design attributes in business, dividing the design dimension into four groups: value, image,
process and production (Table 2.3). The design dimensions are associated with particular
company goals, showing how design benefits many areas of design, not just company
performance but also in the areas of culture (process) and efficiency (production).
Furthermore Joziasse and Selders (2009) describe design’s added value in terms of speed

of change in both the company and society.

Table 2.3: Design dimensions and attributes against company goals

Design Dimensions Design Attributes Company Goals
Product Styling,
AESthet'CS To add value for the consumer and
Value Quality enhance a company’s reputation
Standards pany’s rep
Added Value

Product Differentiation
Product Diversification
Image Product Identity Company image and strategy
Brand Identity
Brand Creation

Generating New ldeas
Idea Communication
Process Interpreting Ideas
Integrating ldeas
Promoting Products

Culture for new ideas, creativity and
innovation

Reducing Complexity
Production Using New Technology/Materials Improvement and reduced time to market
Reducing Production Time

Source: Adapted from Trueman and Jobber (1998)

Mozota (2006) uses the Balanced Score Card (BSC), the vision-based business strategy
tool widely adopted by business managers, applying four key questions from the BSC to
emphasise the “four powers of design’ for businesses: (i) design as difference, (ii) design as
performance, (iii) design as vision, and (iv) design as contributor to financial success.
These added values design brings to businesses has led design to become an important

strategic tool for businesses to increase competitiveness (Kotler and Rath, 1984, Mozota,
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1990, Trueman and Jobber, 1998, Larson et al., 2007, Liedtka, 2010). Topalian (2013) also
provides insight about design’s contribution as a strategic resource:
e design as a discipline in design and other activities
e design professionals in relation to design matters, undertaken in design projects and
other activities
e design professionals in non-design matters, sometimes leading through design
e clients (and sponsors) who are ultimately responsible for the outcomes of design
initiatives, and often have greater influence on the quality of solutions than the

creative specialists involved.

The expanding role of design and its meaning in businesses have raised the importance of
design management and ‘Design thinking’ where its creative processes, methods and
philosophy are recognised as an appropriate resource to enable enhanced and prolonged
innovation for businesses (Brown, 2009, Martin, 2009, Clark and Smith, 2008, Carr et al.,
2010, Best, 2011, Liedtka and Ogilvie, 2012, Venkatesh et al., 2012, Mootee, 2013). This
change in the design paradigm has been noticed by business leaders Apple, Dyson and
Burberry (DC, 2011) and has become an increasingly serious agenda for companies
(McCullagh, 2010), taking a more prominent role in a company rather than remaining

hidden behind other company functions (Figure 2.6).
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Figure 2.6: Different perspectives on the importance of design (Tether, 2005:6)

The Design Management Institute (DMI) has produced research on performance in
fourteen US “design conscious’ companies: Apple, Coca-Cola, Ford, Herman-Miller, IBM,
Intuit, Newell-Rubbermaid, Nike, Procter & Gamble, Starbucks, Starwood, Steelcase,

Target, Walt Disney and Whirlpool (Rae, 2013). The selection criteria for the companies
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include: (i) publicly traded in the US for more than ten years, (ii) design is an integrated

function and organisation catalyst for change, (iii) increase in design-related investments

and influence, (iv) design is embedded in the organisational structure, (v) presence of

design leadership at senior and divisional levels, and (vi) senior-level commitment to use

design as an innovation resource for positive change. The study indicates that those

companies grew 299 per cent compared to S&P’s 75 per cent growth from 2003 to 2013.

The result reflects The Design Council’s study on design and company performance

mentioned earlier (DC, 2012a).

Table 2.4: Design values for design-conscious companies in the USA

Design Values

Descriptions (Results)

Cases

The wow factor

Aesthetically pleasing, more
compelling to use, and more
relevant in the world

Tesla, Apple

Consumers’ support over time by
differentiating with design

Target (Tar-zhay)

Brand expression

Consumers feel a personal
connection with brands as an
extension of themselves -
establishing dialogue

Nike

Solving unmet user needs

First-mover advantage by
understanding the end-user through
empathy- helps reveal inspiration for
category-killing products and lowers
the risk of failure

Intuit (internal program based
on design thinking to better
understand customers’
frustration)

Developing better customer
experiences

Seamless, branded and differentiated
experience to meet customers’
functional and emotional needs

Disney (park and resort unit)

Rethinking strategy

Use of design tools (empathy,
creativity, rationality) to mucky
complex issues which are hard to
solve - Design thinking

IBM (utilisation of
Designcamp, one-week
design-thinking training by
product managers, developers
and designers)

Hardware/software/service
integration

Saves time, more productive and
provides emotional support for
consumers through well-crafted
interaction to provide a delightful
experience

Coca-cola (Freestyle-fountain
drink machine)

Market expansion through persona
development and user understanding

Helps companies assimilate
requirements to capture hearts and
minds of a new type of customer by
understanding and interpreting
people and cultures — a wider variety
of customers and long-term loyalty

Aloft (fills an unmet desire in
younger travellers)

Cost reduction

Rethinking ways and means
products come together for
manufactured goods

Procter & Gamble (process to
develop thinner, cheaper,
more environmentally
friendly plastics)

Source: Adapted from Rae (2013)
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This study also includes the eight design values these companies employ to maintain
competitiveness (Table 2.4) which shows that successful companies are adopting design to
understand and empathise with users to fulfil their conscious or unconscious needs and
build relationships with them. Design-thinking is also being used as a tool to create

competitive strategic advantages.

The research found that the effect of design has broadly two aspects: i) influencing the
actual production and delivery of the product/service, and ii) influencing the management
of a company. These two design effects have three key elements describing design: (i)
designing (production, process and image), (ii) design strategy (managing design), and (iii)
corporate-level design thinking (managing the company). The key literatures to formally

identify these three areas are show in Table 2.5.

Table 2.5: Key literatures and the areas of design spectrum

Areas of design Key literatures
Designing (Dumas and Whitfield, 1989, Lindbeck, 1995, Rassam, 1995, Trueman and
(Production/Product) Jobber, 1998, Poli, 2001, Bertola and Teixeira, 2003, Mozota, 2003, Press

and Cooper, 2003, DTI, 2005, Tether, 2005, Best, 2006, McCullagh, 20086,
Mozota, 2006, BSI, 2008, DC, 2008a, DC, 2008b, von Stamm, 2008, Livesey
and Moultrie, 2009, Verganti, 2009, Boothroyd et al., 2011, DC, 2012a)

Designing (Dumas and Whitfield, 1989, Rassam, 1995, Trueman and Jobber, 1998,
(Process and image) Mozota, 2003, Press and Cooper, 2003, DTI, 2005, Tether, 2005, Best, 2006,
Mozota, 2006, BSI, 2008, DC, 2008a, DC, 2008h, von Stamm, 2008, Livesey
and Moultrie, 2009, Verganti, 2009, DC, 2012a)

Design Strategy (Gorb, 1986, Gorb and Dumas, 1987, Trueman and Jobber, 1998, Dumas and
(Managing Design actions) | Whitfield, 1989, Jerrard et al., 2002, Bertola and Teixeira, 2003, Mozota,
2003, Press and Cooper, 2003, DTI, 2005, Hertenstein et al., 2005, Tether,
2005, Best, 2006, McCullagh, 2006, Mozota, 2006, BSI, 2008, DC, 2008a,
DC, 2008b, Keinonen, 2008, von Stamm, 2008, Esslinger, 2009, Heskett,
2009, Livesey and Moultrie, 2009, Verganti, 2009, DC, 2012a, Fernandez-
Mesa et al., 2013)

Design Thinking (Gorb, 1986, Gorb and Dumas, 1987, Bruce and Bessant, 2002b, Bertola and
(Managing company) Teixeira, 2003, Mozota, 2003, Press and Cooper, 2003, Mozota, 2006,
Conley, 2007, Brown, 2008, Clark and Smith, 2008, Keinonen, 2008,
Neumeier, 2008, von Stamm, 2008, Esslinger, 2009, Heskett, 2009, Livesey
and Moultrie, 2009, Martin, 2009, Verganti, 2009, Carr et al., 2010, Liedtka
and Ogilvie, 2011, DC, 2012a)

The literatures indicates that the three key areas of design are heavily interlinked,
influencing each other to provide creative product/service, system/process and organisation
culture. However, deconstructing design into three areas clarifies the benefits and

requirements of each area to aid better use of design in business. Details of each area will
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be discussed in the following sections, but in order to identify the relationship of design
areas in the business context, the generic management roles of a company’s internal
stakeholders were first identified. The structure of business differs depending on the
company’s tradition (including the ownership structure) or the top-level managers’
decisions about how to best manage the business, whether top-down or a flat structure
(Peter, 1993, Brandt, 2004, Ortega-Argilés et al., 2005, Ghemawat, 2010). This determines
the management decision-making hierarchy, but the role of each level of managers can be
divided into senior managers, managers, and supervisors and operators (Witcher and Chau,
2014); in this classification, top-level managers and senior managers are classed together.
Their time is spent principally on managing the business as illustrated in Figure 2.7, which
shows that senior managers tend to concentrate on holistic overall strategic management of
a business, whereas supervisors and operators are primarily engaged in managing day-to-
day activities.

CEQ, executive team
Corporate (overall) Strategy

General Manager,
senior management team
Business Strategy

General Manager,
senior management team
Business Strategy

Strategic

Senior Managers Management

Departmental Managers Departmental Managers

Ma nagers Functional (e.g. marketing) Functional (e.g. production)
Strategy Strategy
SL![JE‘.rU':‘%L’JfS and Operating Operating Operating
o B Daily Management Strategies Strategies Strategies
operators (e.g. responsibility (e.g. responsibility (e.g. responsibility
of operators, | of operators, of operators,
project teams) project teams) project teams)

Involvement in Strategic Management:

Strategy hierarchy
Time spent on organisational activities

Figure 2.7: Principal management activities of various company stakeholders. Adapted from
(Witcher and Chau, 2014)

The areas of design and the business context discussed in this section provide an overview
of where design values apply in businesses (Figure 2.8). The placement of each area of
designing, design strategy and corporate-level design thinking in Needle’s (2010) business
context model provides a stable foundation for developing a theory, and reduces the

‘fuzziness’ of the meaning of design. The business context model is chosen because it
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provides a comprehensive overview of different business elements, allowing the placement
of the various areas of design identified in this section. The business context model
emphasises the interlinking relationships between each level, which is similar with close
relationship between identified design areas. As already mentioned, the design areas and
their relationship with the business context model will be discussed in greater detail in the

following sections.
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Figure 2.8: Design in the Business context model. Adapted from (Needle, 2010)

2.2.2.1 Designing

Designing (production) is defined as a company’s activity to create an artefact, including
design for manufacture and engineering design (Lindbeck, 1995, Poli, 2001, Boothroyd et
al., 2002). This is traditionally the most familiar area for UK businesses (Tether, 2005) and
manufacturing companies (Livesey and Moultrie, 2009, Na and Choi, 2012). Thus it is the
only area regarded as ‘design’ by companies which lack a holistic view of the wider design
spectrum. “‘Designing’ is normally led by professional designers and design engineers, who
take into consideration function, aesthetics, ease of manufacture etc., which involve the
technical ability to manipulate ideas with appropriate materials, colours, textures, shapes
etc., (Tether, 2005, Best, 2006, Livesey and Moultrie, 2009). Designing (for process/image)
is an activity which creates mainly intangible outcomes including services, brands, and
customer experiences. This part of design activity remains under the umbrella of the

conventional “design process’, which involves the design department, often in conjunction
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with the marketing department, and is therefore regarded as part of “designing” things
(Dumas and Whitfield, 1989, DC, 2008b).

The two parts of designing (for production, and process/image) rely heavily on the design
professional’s discipline-based skill-set. It is also where the immediate effect of design can
be observed in a product life-cycle where it provides the means for: (i) product
‘development’ and market ‘introduction,” (ii) helping to maintain in the ‘growth’ stage by
reducing manufacturing costs, and fix unforeseen problems before the ‘maturing’ stage
with the emphasis on distinguishing the product among possible competitors, (iii) creating
customisation and adding functionalities to maintain the product’s life at the ‘maturing’
stage, and (iv) making minor refinements to aesthetics or sensory appeal to prolong in the
‘decline’ stage before discontinuation of the product or radical changes for the product to
start another life-cycle (Berkowitz, 1987). The stages are shown in Figure 2.9 which

demonstrates the emphasis of design during the product’s life-cycle.

Focus is on preparing a design that Focus is on minor
is readily manufactured. Modifica- refinements and improve-
tion of basic product features and ments creating user appeal
removal of bugs and problems. to capture late buyers and
Some pressure for cost contain- repeat customers.
ment, but emphasis is on keeping Some emphasis on re-design
ahead of rivals and creating creating sensory appeal and
barriers to competition. meeting user requirements.
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Focus is on fundamental technical and
functional design: Creative leaps;
dramatic changes in performance;
reliability and ruggedness; compact-
ness; portability; user costs; user
friendliness; convenience; enjoyment in
use; etc. Process is characterized by
basic differences in design approaches.

Focus is on human
factors, tailoring to specific
lifestyles. Value analysis
for standardization and
cost-cutting are thrusts.
Extending functionality,
new finishes, add-ons, etc.

Figure 2.9: Emphasis of design during product life-cycle. Adapted from (Ryan and Gross,
1943, Berkowitz, 1987, Canada et al., 2008)
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As with all design areas, the ‘designing’ area is inherently user-focused which provides
outcome (in product or service) for the consumers’ benefit, so the success of design in this
area is directly related to product sales, profit margins, and customer satisfaction (Cooper
and Press, 1995, Rassam, 1995) with which companies can increase their competitiveness
and prolong growth (Mozota, 2002, DC, 2008b, von Stamm, 2008). The nature of the work
involved means “designing’ can be placed in the “activity level’ of a company, in Needle’s
model of business in context (2010). This level of an organisation includes functional
groups for innovation, operation, marketing, human resource management, and finance and
accounting, all interlinked and influenced by each other, and influencing the overall
business context. Design works as a part of a system in NPD at this level, where it provides
creativity and technical design skills to ensure product success in the market (Hertenstein
et al., 2005).

2.2.2.2 Design strategy

Needle states that the business context includes the “strategic level” of a company:
management decisions which determine business activities, including the range of products
and services, marketing budgets, resource management and employees. Design strategy
operates at the strategic level, dealing with the management of design in a firm, usually
conducted by design managers and/or senior managers. Needle’s definition of strategy
reflects many literatures which describe design strategy as a set of objectives and the
methods required to achieve these objectives. Many literatures emphasise the importance
of design strategy in manufacturing (Dumas and Whitfield, 1989, Cox, 2005, Best, 2006,
DC, 2008b, Tether, 2009, DC, 2010, Fernandez-Mesa et al., 2013), where the main
function of design strategy is to manage design in an organisation which ensures that
‘designing’ can be used as a strategic business tool. It is “commonly used to mean a long-
term plan for implementing design, particularly at a product... practised by skilled
experienced designers and design managers” (Stevens and Moultrie, 2011:476). It is
therefore vital for consumer adoption in the product life cycle (Figure 2.9), with emphasis
on: (i) endorsing, (ii) curating, (iii) integration, (iv) economising, (v) play, and (vi)
refreshing to enable success in the market (Canada et al., 2008), (see Table 2.6), to provide
the essential connection between the consumer and the business strategy (McCullagh,
2006).
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Table 2.6: Design strategy emphasis for different adopters in the product lifecycle

Adopters Strategic Description

(consumers) Emphasis

Innovators Endorse Explain the benefits and function of a nascent technology to the world
Early adopters Curate Create icons which are selective in their functionality

Early majority Integrate Provide solutions which fit into people’s lives

Late majority Economise Drastically cut production costs of already successful technologies

Find new ways to add value which do not depend on technical

Laggards Play differentiation

Reinvent existing offerings and renew technical differentiation to reach

New market Refresh
new markets

Source: Adapted from (Canada et al., 2008)

The influence of design strategy is not only limited to ‘designing’ activities where it also
has an important role in the company’s innovation process and other processes, including
the  production process, using design’s creativity, empathy and holistic/systematic
thinking-skills in order to increase efficiency, feasibility and collaboration (Topalian,
2013). It is distinguished from the ‘designing’ area of design because of the “deep
understanding of values, attitudes, and behaviour of the target consumer; the nature of the
company’s value, essence, and character; and the time-based trends that serve as the
backdrop to the product or service experience” (Vossoughi, 2007:74). Design strategy
therefore provides a company with both a design-centric process management and business
strategic influences. Design managers both internal or external to a company take on the
role of mediator between these two areas (Dumas and Whitfield, 1989, Weiss, 2002,
Joziasse, 2010), working as a catalyst to ensure the company’s strategy is influenced by
design professionals’ creativity (creating business strategy) or the company’s designing
activities are directed towards achieving the company strategy (following the business
strategy), creating appropriate processes to enable a seamless integration of creative and

logical thinking.

2.2.2.3 Corporate-level design thinking

Further to the development of a design strategy, the capability of design in the wider
context of a company is also considered. Recently described as ‘design thinking’, it is
concerned with how the design principle can be used to enable a business to deal with the
rapid complex changes which organisations face in the modern market (Brown, 2009,
Martin, 2009, Liedtka and Ogilvie, 2011, Mootee, 2013). Diffusion of design in business is
not new: Gorb and Dumas (1987) and Blaich (1988) described the convergence of design
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in business management. Similarly, in a speech at Innovation Night at The Royal College
of Art, London, Nussbaum (2007) argued that the CEO must be “designers”, referring to
design thinking as a management principle. Further to this argument, The Design Council
and a Warwick University study (DC, 2014) show the importance of the business leader’s
appreciation of design to ensure a firm’s success, while Turner (2000) argues that design
must be embedded in a company’s “DNA”, led by the executive leadership with all
employees as design champions. Topalian (Topalian, 2012, Topalian, 2013) also
emphasises the importance of design at the top level by stating that it is the responsibility
of business executives to ensure that the wider design spectrum is integrated in the
business in order to avoid sabotaging the company.

Design thinking as a principle of thinking to become more creative, and as a tool which
can be applied during the decision-making process, has a distinct advantage over a
conventional management system (Walker, 1990, Liedtka, 2010). As creativity is one of
the most sought after qualities in a leader chosen by the CEO (Businessweek, 2010),
design thinking has become an important agenda for top-level managers. Liedtka and

Ogilvie (2011:12-17) emphasise how business can learn from the elements of design:

« First, design is all about action, and business too often gets stuck at the talking
stage.

» Second, design teaches us how to make things feel real, and most business rhetoric
today remains largely irrelevant to the people who are supposed to make things
happen.

» Third, design is tailored to dealing with uncertainty, and business’s obsession with
analysis is best suited for a stable and predictable world.

» Fourth, design understands that products and services are bought by human beings,

not target markets segmented into demographic categories.

According to Martin (2009) and Mootee (2013) design thinking is about balancing
analytical thinking and intuitive thinking (see Table 2.2 for the differences between
business- and design-led logics) which should be demonstrated by business leaders (top-

level managers) to enable sustainable advantage over the competitions derived from
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considering desirability, viability and feasibility in their decision-making (Brown, 2009),

as shown in Figure 2.10.

Intuitive
thinking

Analytical
thinking

Design
thinking

Harmonious
Balance of:
Desirability
Viability
Feasibility

100% reliability 50/50 mix 100% validity

Figure 2.10: The predilection gap for design thinking and its key considerations. Adopted
from (Brown, 2009, Martin, 2009)

In this research, the term ‘corporate-level design thinking’ is used to distinguish the use of
design thinking by senior and top-level managers and design practitioners. This is to
distinguish between design practitioners’ use of design thinking to develop
products/services and the application of design thinking to manage the whole company.
Therefore, referring to Needle’s business in context model (Figure 2.8), corporate-level
design thinking is placed at the organisational level because it is concerned with goals,

structure, ownership, and organisational or corporate culture.

2.3 Innovation

Innovation is important in almost all socio-economic areas. Baregheh et al. (2009) provide
a theoretical study of the definition of innovation from various disciplines, ranging from
business and management, economics, organisation studies, innovation and
entrepreneurship, technology, science and engineering, knowledge management, and
marketing. They describe innovation as a multi-stage organisational process which
transforms ideas into new/improved products, services or processes to advance, compete,
and differentiate in an appropriate market. Innovation, like design, has several areas of
emphasis depending on where the most important “change” for a company lies, which will

be discussed further detail in this section. One of the simpler principles of innovation is

33



described by the Department of Trade and Industry (DTI) (now part of the Department of
Business, Innovation & Skills) as “the successful exploitation of new ideas” (DTI, 2003:8).
This brief but powerful description, still widely used by the UK government, is seen in the
manufacturing sector as a way to compete in the globalised market with challenges from
developing countries, including China and India (BIS, 2010c, BIS, 2011a).

2.3.1 Fundamentals of innovation

Tidd et al. suggest that innovative firms are twice as profitable as other companies, where
innovative companies are defined as those using innovation to differentiate their
products/services from competitors” (Tidd et al., 2005). The Boston Consulting Group’s
(BCG) 2014 survey of senior executives - in which approximately seventy-five per cent of
1,500 business leaders regarded innovation as important for their companies (BCG, 2014)
— indicated that it must be an important priority for top-level managers, if a company is to
make the most of the potential benefits of innovation. However, the survey also showed
that executives were less confident of their company’s innovation capabilities, because
they were concerned whether their company was prepared to break through the barrier of
radical changes required to harness innovation. Innovation inevitably involves change,
uncertainty and risk for the company, which requires a willingness to embrace failures
which may affect the very core of a company (Christensen, 1997, Le Masson et al., 2010,
Fisher, 2014). However, despite the risk of failure, it is imperative for companies to secure
competitiveness to survive in a turbulent rapidly-changing market (Peters, 1997, Storey,
2000, Tucker, 2001, Tidd et al., 2005, Jolly, 2010, PWC, 2013b).

The degree of novelty is often used to distinguish between innovation which represents
minor and incremental changes (incremental innovation), and complete and radical
changes (radical innovation). Incremental and radical innovation relate to a range of
changes from component changes to system change (see Figure 2.11); incremental change
consists of localised changes, whereas radical change makes systematic changes for a
company or even the sector, industry or society (Bessant and Tidd, 2007).
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Figure 2.11: Dimensions of innovation. Adapted from (Bessant and Tidd, 2007)

Radical innovation can achieve great impact by increasing company competitiveness and
even change the nature of competition in favour of the innovator, so the term is
synonymous with breakthrough and discontinuous innovation (HBE, 2003). Many
companies aspire to this, when considering the importance of innovation (PWC, 2013a,
BCG, 2014). However, most innovation happens incrementally (Ettlie, 2006), particularly
in British manufacturing SMEs (Mosey et al., 2002) and in global manufacturing
companies (PWC, 2013c), supported by ‘lean’ manufacturing which offers continuous
improvement to enable sustained growth for a business (Tidd et al., 2005). Radical and
incremental innovation are not mutually exclusive and can coexist within a company,
depending on the firm, sector and industry (OECD, 2005, Malerba, 2005).

Radical and/or incremental innovation are achieved through a systematic process which
usually includes: (i) identify the opportunity, (ii) assess the needs, (iii) generate or acquire
new ideas, (iv) design the product, (v) evaluate and select the most appropriate ideas, (Vi)
manufacturing (production), (vii) introduce to the market and conduct sales activities
(Tuominen et al., 1999). The process, which has developed over many years, is described
by Rothwell (1994) as four generations of innovation models, particularly for
manufacturing companies, starting with the linear processes of technology push or market
pull, which then evolves into a more flexible integrated process. The first generation
innovation process (technology push) depends predominantly on developing a basic
science which is translated into new technology and then realised in a product. The second

generation process (market pull) is also a linear process which identifies the need for a
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market and develops products to satisfy the market’s needs. The third generation model,
also called the ‘Coupling” model, is the interlay of new technology and needs to generate
ideas appropriate to the marketplace. Finally, the fourth generation - which includes
‘integration’ and a “parallel’ development innovation process - integrates internal functions
in parallel to develop a new product which is integrated with external factors, as shown in

the third generation innovation process (Figure 2.12).
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Joint group meetings (engineers/managers)

|
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| I Manufacture
|
|

Marketing Launch

Figure 2.12: Third generation innovation process model - The ‘Coupling’ model (top), and
the fourth generation ‘integrated’ innovation process (bottom) (Rothwell, 1994:10-12)

The development of the innovation process shows the increased complexity of innovation
of both internal and external factors, indicating that it must be managed with strategic
intent in order to be successfully implemented. In this respect, Hansen and Birkinshaw
(2007) created an innovation value chain which provides a holistic view of the innovation
process, in order to easily identify the elements of innovation in a company (see Figure
2.13). In this value chain, the key question and performance indicators are identified for
each step including: (i) idea generation — in-house cross-pollination (across departments),

(ii) external conversion — selection and development, and (iii) diffusion — dissemination
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across the organisation. The inclusion of “diffusion” to share ideas across the company is
particularly interesting because it provides a platform on which an organisation can
develop its knowledge base and, if managed effectively, knowledge management (KM)

can also be used to create new ideas, making the value chain a virtuous cycle.

IDEA GENERATION CONVERSION DIFFUSION
IN-HOUSE CROSS- EXTERNAL SELECTION DEVELOPMENT | SPREAD
POLLINATION
Creation Collaboration Collaboration Screening and Movement from Dissemination
within a unit across units with parties initial funding idea to first across the
outside the result organization
firm
KEY QUESTIONS | Do people Do we create Do we source | Are we good Are we good at Are we good
in our unit good ideas by enough good at screening turning ideas at diffusing
create good working across ideas from and funding into viable developed
ideas on the company? outside the new ideas? products, busi- ideas across
their own? firm? nesses, and the company?
best practices?
KEY Mumber of Number of Mumber of Percentage Percentage of Percentage
PERFORMANCE high-quality high-quality high-quality of all ideas funded ideas of penetra-
INDICATORS ideas gener- ideas generated ideas gener- generated that that lead to rev- tion in desired
ated within across units. ated from end up being enues; number markets, chan-
a unit. outside the selected and of months to nels, customer
firm. funded. first sale. groups; number
of months to
full diffusion.

Figure 2.13: The innovation value chain (Hansen and Birkinshaw, 2007:124)

2.3.2 Expanding parameters of innovation

The parameters of innovation have widened in a way similar to those of design. Innovation

was often seen as product or service breakthroughs, whether radical or incremental

changes, especially in the UK manufacturing sector. However, NESTA emphasises the

importance of “hidden innovation” in order to compete globally and not remain “locked-in”
to existing technologies and business models (NESTA, 2008b). NESTA calls this Total

Innovation, which includes new organisational structures and business models using

existing technologies and beyond. Although some authors separate the business model and

innovation (Teece, 2010), this research regards the business model as part of innovation.

Tidd et al. (2005) separate the types of innovation into product, process, position and

paradigm innovations, with which the OECD (2005) concurs, describing the innovation
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types as product, process, marketing and organisation. Boer and During (2000) describe a
manufacturing perspective of innovation where the separation lies in organisational
innovation, where it concentrates much more on a firm’s Total Quality Management
(TQM). Keeley et al. (2013) divided this further into ten types of innovation (Table 2.7):
profit model, network, structure, process, product performance, product system, service,
channel, brand and customer engagement - covering the many aspects of innovation
identified in an organisation by the Deloitte international innovation consultancy

perspective.

Table 2.7: Descriptions of types of innovation

Types of Descriptions Cases
Innovation
Product New or improved product in a market - simplification, Dyson: successful
Performance sustainability, customisation etc., introduction of dual
cyclone technology
Product System | Product ecosystem including extension to existing Microsoft: MS Office as a
products, product service combinations etc., bundle of productivity
software
Service Enhancement of utilisation, performance, and value of Hyundai: ‘Assurance’ of
offerings including warranty and customer service being able to end the
contract if they lose the job
within a year
Channel Connection between product/service to the users, Nespresso: providing
including physical stores to e-commerce various means to purchase
coffee capsules
Customer Developing a meaningful connection with the Apple: Apple stores and
Engagement customer/user including appropriate communications with | World Wide Developers
them Conference (WWDC)
Brand Ensuring the users recognise, remember, and prefer the Virgin: successfully
product/service. For B2B, this can include the final users increasing the brand
to build preferences and bargaining power portfolio
Process Improvement of activities and operations in production Toyota: lean production
including lean production system
Network Collaborating to gain the advantages of other companies’ | GSK: co-innovation
resources, including sharing risk of new offerings and platform development
open innovation
Structure Organisation of company assets - hard, human, or Whole Foods Market:
intangible - to create value decentralisation of
management
Profit Model Converting firm’s offerings and other sources of value Gillette: business model
into cash including pricing, pay-per-use, subscription, etc., | driven innovation

Source: Adapted from (Keeley et al., 2013)

The research shows that product and process innovations are relatively common in
categorising innovation. The discrepancy lies in innovation which involves business

strategy and organisational management. In this research, the principles of organisational
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innovation described by Boer and During (2000) are used in conjunction with the business
model and market innovation, providing an overview of the organisational innovation.
However, acknowledgement of broader innovation parameters has been slow to filter
through to UK manufacturing firms where technological and product innovations are still
the predominant interpretation of innovation (NESTA, 2009, Na and Choi, 2012). This is
predictable, especially in high-value manufacturing where technology push is an important
competitive advantage for competing in the global market (PWC, 2009, TSB, 2012c). The
PWC global innovation survey of 1,757 executives (top-level managers) supports this
argument. Figure 2.14 shows the global trend of businesses prioritising product,

technology and service innovations over process, and business model innovations.
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Figure 2.14: Priority of innovation for the next 12 months (PWC, 2013a:32)

The survey report, however, also argues that there is a noticeable trend from businesses
which show a significant increase of focus in developing business model innovation. As
NESTA suggests, embracing other areas of innovation is an increasingly important agenda
as technological innovation is now sought by emerging economies including China and
India (NESTA, 2008b). Tucker (2001) suggests four principles to consider innovation as a
company’s core competencies, where it must be i) comprehensive, ii) include an organised,
systematic, and continual search for new opportunities, iii) involve everyone in the
organisation, and iv) constantly improve the company climate, indicating why
comprehensive development of different areas of innovation (i.e. ‘“Total innovation”) must
be practised in order to be competent in innovation, which will lead to increased

competitiveness and sustained growth.
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Further understanding of the different areas of innovation requires a unified definition.
This research identified the innovation areas from the literature review, including: (i)
technological innovation, which focuses on the development of new or improved
technologies, (i) product/service innovation, which develops and produces
products/services for the market, (iii) process innovation, which aims to improve the
product/service development processes e.g. NPD and production processes and product
delivery processes e.g. logistics and sales processes, and (iv) organisational innovation,
which improves organisational-level management creating company vision and values,
strategies and business models to enable a company to embrace innovation culture and
succeed in the market. These areas are closely linked, one area often requiring another area
to practise innovation effectively (Bessant and Tidd, 2007) e.g. for successful development
and delivery of a product (product innovation), appropriate technology needs to be
available (technology innovation) with processes which encourage creativity and maximise
efficiency (process innovation) and the sales channels which initiate and maintain sales
(organisational innovation). Each area of innovation will be discussed further in later

sections.

2.3.2.1 Technological innovation

Technological innovation is sometimes regarded as part of product innovation as it
provides technical advancements which are included in the product itself. However, this is
discussed separately in this section because it is an important key to manufacturing
companies’ long-term competitiveness (Freeman, 1994, Sen and Egelhoff, 2000, Guan et
al., 2006). It is traditionally driven by public research which initiated breakthrough
innovations such as “the internet, GPS, and the MRI scanner” (Miles et al., 2009:15).
However, company-driven R&D also delivers technological innovation which leads to the
improvement of: (i) efficiency, which considers R&D/technology productivity and
acquisition in relation to product performance, and (ii) effectiveness through successful
implementation of R&D/technology in creating new products, licences of parents and thus
increases company profits (Chiesa et al., 1996). Technological innovation is the focus of
innovative manufacturing by the Engineering and Physical Science Research Council
(EPSRC), which created Innovative Manufacturing Research Centres (IMRC, latterly

known as Centres for Innovative Manufacturing-CIM) to provide a collaborative
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environment for UK universities and manufacturing companies to develop world-class
knowledge and support up to Technology Readiness Level (TRL) 3 (TSB, 2008, EPSRC,
2010).

Technology Component and/ System/subsystem Actual system
concept and/or or breadboard model or prototype completed and
application validation in demonstration in a “flight qualified”
formulated laboratory relevant through test and
environment environment demonstration

1 2 3 4 5
| 1 | ! |
Basic principles Analytical and Component and/or System prototype Actual system
observed and experimental critical | | breadboard demonstration in a “flight proven”
reported function andfor validation in space environment through successful
characteristic relevant mission operations
proof-of-concept environment

Figure 2.15: Technology Readiness Level (TRL). Adapted from (NASA, 1995)

TRL (NASA, 1995), originally developed by the National Aeronautics and Space
Administration (NASA), is readily used as an indicator of the nine levels of technology
development and implementation: (i) scientific principle discovery, (ii) technology concept
rationale justification, relative to the appropriate application environment, (iii) analytical
and experimental proof-of-concept, (iv) laboratory-based validation as a component -
initial prototyping, (v) relevant environment validation as a component, (vi) demonstration
in the relevant environment as a subsystem, (vii) system prototype demonstration in a real-
life environment, (viii) application (production) of the system, including the developed
technology, and (ix) proven technology through successful launch of the system (Figure
2.15). Commercially, the system can be regarded as a product which includes
technological components developed by R&D through scientific discoveries (TSB, 2012b).
This clarifies technological innovation within the holistic process of innovation systems
because of its focus on technology development. This research identifies technological
innovation as being between TRL 1 and 3 where the discovery of relevant technology is
developed, which leads to innovation either exclusively in first generation innovation
(technology push) or as a part of a system in the third and fourth generation (integrated
process) of innovation (Rothwell, 1994), as explained in Section 2.3.1.

The relative importance of technology in the market in relation to the contextual variables
is identified by Balachandra and Friar (1997) (see Table 2.8). They argue that technology
factors are very important - compared to market and organisational factors - for creating
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high technology where it involves rapid development of technology which can provide
early market entrance compared to low technology (Balachandra and Friar, 1997). This can
be an important option for manufacturing companies to gain competitive advantage, as
technology development is regarded as a key supporting activity to create value for
companies (Porter, 1985).

Table 2.8: Scheme of relative importance for combinations of contextual variables

Contextual Variable Market Factors Technology Organisation
Innovation | Technology Market Factors Factors
Incremental Low Existing Very Important Less Important Very Important
Incremental Low New Very Important Less Important Very Important
Incremental High Existing Very Important Very Important Important
Incremental High New Important Very Important Important

Radical Low Existing Important Important Important
Radical Low New Less Important Important Important
Radical High Existing Important Very Important Important
Radical High New Less Important Very Important Very Important

Source: (Balachandra and Friar, 1997:284)

2.3.2.2 Product/service innovation

This research considers product/service as an outcome of the innovation processes
conducted by an organisation. The aim of product/service innovation is therefore to deliver
changes in products/services to the appropriate market and users, to generate profit by
enabling growth through increasing competitiveness (Balachandra and Friar, 1997, Tucker,
2001, OECD, 2005, Trott, 2005, Ettlie, 2006, Bessant and Tidd, 2007, Salunke et al., 2011,
Goodridge et al., 2012, Keeley et al., 2013, Coad et al., 2014). As the outcome of
product/service, innovation can be explicit, particularly for manufacturing companies
(products), resulting in financial achievements through increased sales (turnover) and
profit margins by the introduced product/service. It is therefore an important area for
measuring a company’s innovation capabilities (Coad et al., 2014). In order to achieve
these benefits, product/service innovation provides differentiation (Bessant and Tidd, 2007)
among the competitors, which is also driven by: (i) intense international competition i.e.
through globalisation, (ii) fragmented, demanding markets - increasingly sophisticated and
demanding customer expectation, and (iii) diverse and rapidly changing technologies -
rapid growth of the breadth and depth of technological and scientific knowledge
(Wheelwright and Clark, 1992). Different product development programmes can lead to
product innovation, with different advantages for companies. These types of development

42



include: (i) new to the world — creating a new market, (ii) new product line — new entry to
an existing market, (iii) add to existing products — expanding the product line (range), (iv)
improve or revise — improving the current product line, (v) repositioning — changing
consumer perception of the products, and (vi) cost reduction — increasing unit volume or
staying price competitive (Annacchino, 2006). The contribution of the types of product
development in the economy and company are shown in Table 2.9, which is categorised
into radical and implementation product innovations to illustrate their impact on business

performance.

Table 2.9: Product innovation dimensions and types of product developments

. . Revenue Revenue Company Potential
Innovation Type of Time to A o A .
: " contribution | contribution | positioning margin
dimension development | market .
to economy | to company | strategy impact
New to the Highest Highest Market .
Longest X - Highest
. world potential potential development
Radical - .
New product Lon High High Market Hidh
line 9 potential potential development 9
Add to . Medium Medium Line .
o Medium X . Medium
existing potential potential complete
Incremental Improve or Little Medium
P Short . . Market share | Medium
revise potential potential
Radlcall Repositioning | Shortest Little . Medlu.m Market share | Medium
incremental potential potential
Cost . Shorter Little . Medlu.m Raise margin | Medium
reduction potential potential

Source: Adapted from (Annacchino, 2006)

Product and service innovation are considered together in this research as they share
similarities as the outcome or offerings in a market for customers and users (Tidd et al.,
2005). UK manufacturing companies’ product innovation is still focused without any in-
depth mention of service innovation or sometimes of integrated services as part of product
innovation (Boer and During, 2000, OECD, 2005, BIS, 2010c). However, the importance
of service innovation as discussed by Neely (2007) as a key to compete with emerging
countries and against cost competitiveness, is recognised by leading manufacturing
companies (BIS, 2010c, PWC, 2013a). It is also recognised as having consistently high
performance over time for product-centric manufacturing companies which are considering
service innovation (Gallouj and Weinstein, 1997). Service innovation follows the generic
innovation process (see Section 2.3.1) (Rothwell, 1994), but the capability of service

innovation differs slightly as mentioned by Kindstrom et al, (2013). They describe the

43



dynamic capabilities, including areas of process and organisational innovations which are

directly involved to increase a company’s service innovation capabilities: (i) sensing —

understanding the internal and external components of customer-related service, (ii)

seizing the opportunities identified by managing the development and delivery process,

and (iii) reconfiguring service systems internally and externally to balance product and

service innovations (Table 2.10).

Table 2.10: Service innovation capabilities

Dynamic New service Description
capabilities innovation
Building up deep customer knowledge, including
Customer-linked institutionalising feedback loops and creating organisational
service sensing roles, systems, and processes which continuously capture and
relay customer demands.
. Building up an understanding of the entire service system,
Serv_lce system including links to partners and suppliers, and creating network
. sensing Inciuding P PPIIErs, 9
Sensing skills.
Building up internal sensing: e.g. opportunities related to the
Internal service integration of products and services and the detection of
sensing decentralized initiatives. Having a structured service
development process to address this factor.
Technology Scanning and exploring sources outside the service system,
exploration primarily related to more radical technological changes.
Interacting and co-developing with customers and partners to
. . understand, visualise, and deliver value propositions. Involves
Service interaction - - ;
processes, roles, and skills to interact and change together with
customers.
Having the ability to restructure internal and external resources
Managing service swiftly, for the delivery of new or improved services, including
delivery process roles dedicated to services at both operational and strategic
Seizing levels.

Structuring the service
development process

Structuring a service development process and being flexible as
the process develops.

Adopting new
revenue mechanisms

Rolling out new revenue mechanisms based on service value,
such as availability and customer productivity. The ability to
visualise the value of new, often intangible services and
solutions for a wide array of actors in the service-delivery
system.

Reconfiguring

Orchestrating the
service system

Managing and transforming the service system, especially
managing external actors central to the performance of the
service. An ability to extend the resource base into new markets
and services, and to incorporate complementary resources and
co-specialisation. Reconfiguring roles, resources, locus of
control, and power in the service system.

Balancing product and
service innovation
related assets

Maintaining a balanced relationship between the service
organisation and the product organisation, necessitating the
creation of roles designed for service on all levels of the
organisational structure.

Creating a service-
oriented mental model

Often referred to as a service logic; implies a learning
dimension.

Source: Adapted from (Kindstrom et al., 2013)

44



The research considers the product and service innovation together as one area of
innovation. This is because the research identified the importance of product and service
innovation to increase manufacturing companies’ competitiveness and how they should be

closely linked, to maximise the company’s innovation capabilities.

2.3.2.3 Process innovation

Process innovation is the incremental or radical improvements to creating and delivering
products/services for organisations (Trott, 2005, Bessant and Tidd, 2007) which: (i)
improve quality to fulfil customer expectations, (ii) reduce the lead time of product
development, production and delivery to a market, and (iii) reduce manufacturing costs, to
increase profit, which is fundamental to business success (Cumming, 1998). Some
researches take a narrower view of process innovation, where only changes in new or
significantly improved (radical) process are considered (OECD, 2005, Coad et al., 2014).
However, as discussed earlier, this research takes on the broader perspective of innovation
which includes both incremental and radical innovation. Product innovation is followed by
process innovation (Utterback, 1986) so they are closely linked, enabling optimised
innovation execution in a company. The three critical parameters of business, as described
earlier, potentially work against each other (see Figure 2.16) where by improving quality,
both the lead time and cost are likely to be increased. Similarly, by reducing the lead time,

quality may decrease with increased costs (Cumming, 1998).

Improving quality

Reduced lead time

Reduced cost

Figure 2.16: Three critical parameters of business (Cumming, 1998:27).

Process innovation’s role is to achieve parameter(s) with minimum sacrifice of other
competing parameter(s) to meet a manufacturing company’s strategic priorities e.g. a new
product development (NPD) process can include computer aided design (CAD) and

computer aided manufacture (CAM) to reduce time and cost, effective prototyping to
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increase quality and reduce development costs, and information management (also referred
to as knowledge management) to enable fast sharing of past experiences to reduce time and
increase quality (Cumming, 1998). Furthermore, manufacturing companies can use flexible
manufacturing systems (FMS) to increase quality and reduce costs while also reducing the
lead time to deliver products to the customers (Boer and During, 2000). It is closely linked
with the lean (agile) manufacturing process which involves minimising waste in defects,
inventory, processing (resources in space, energy and people for production), waiting (idle
time in production), motion (reduction of unnecessary movement in production),
transportation and over-production, to optimise the manufacturing process (Katayama and
Bennett, 1999, Shah and Ward, 2003, Wilson, 2010). The open innovation principle, which
is closely linked with collaboration (through strategic alliances and integration of
consumers in product development), is also part of process innovation in this research
because it enables companies to develop new innovation processes (Enkel et al., 2011).
Process innovation thus requires a strategic balance between business goals and process

improvements in production, product developments, and the innovation process itself.

2.3.2.4 Organisational innovation

The research identified some discrepancies in the area of organisational innovation
(Section 2.3.2). However, this research takes a broader view of organisational innovation
including the paradigm (Tidd et al., 2005) and the business model (Chesbrough, 2007,
Teece, 2010). Some elements of market innovations which involve strategic changes e.g.
product placement (sales channel) and pricing strategy (OECD, 2005) are also included in
organisational innovation, because the principle of these different types of innovations
involves improvement at an organisational level where decisions are normally made by
top-level managers which change strategic directions, and often change the organisation’s
innovation culture (Utterback, 1986, Storey, 2000, OECD, 2005, Tidd et al., 2005, Teece,
2010). Organisational innovation therefore involves incremental and/or radical changes of
management principles, processes and practices which organise, lead, co-ordinate or
motivate the organisation in order to “create long-lasting advantage and produce dynamic
shifts in competitive position” (Hamel, 2006:72). As with other areas of innovation
discussed in this section, organisational innovation is closely linked with other areas of

innovation within the innovation system, which has the overarching responsibility for
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creating continuous innovation in an organisation by: (i) increasing the organisation’s
reputation for innovation, (ii) attracting creative people, (iii) organisational encouragement
of creativity and innovation, (iv) development of innovative products, (v) accepting new
ideas, (vi) motivating employees, (vii) high morale and retention of creative people (Trott,
2005). Figure 2.17 shows this “virtuous circle of innovation” to increase competitive
advantage.

The organisation’s
reputation for innovation

TN

High morale and Attraction of
retention of creative people creative people
Motivates people Organisational
within the organisation encouragement of
and reduces frustration creativity and innovation
A willingness within Development
the organisation to of innovative

accept new ideas *———— products

Figure 2.17: Virtuous circle of innovation (Trott, 2005:96).

Organisational innovation is also closely linked with Toyota’s production system or Total
Quality Management (TQM) where the holistic (company-wide) approach of continuous
improvement for quality in relation to customers’ expectations is vitally important in
managing successful innovation (Boer and During, 2000, Needle, 2010). Organisational
innovation is thus involved in the management of the external factors of a business, i.e.
business model or paradigm innovations which provide the underlying “mental model”
which shows the collective value proposition of the business (Teece, 2010, DaSilva and
Trkman, 2014). In this respect, the business model is inherently a conceptual array of
elements which influence holistic business operations (see Figure 2.18) including the
selection of technologies and product/service features appropriate for the changing market
and user needs, and developing and delivering products/services which create value for
customers, and thus generate profit for the company.
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Select technologies
and features to be

embedded in the
product/service

Determine benefit to
the customer from
consuming/using the
product/service

Design mechanisms
to capture value
Design mechanisms
to capture value

|\

Identify market

segments to be
targeted

J

Confirm available
revenue streams

Create Value for Customers,
Entice Payments, and
Convert Payments to Profits

Figure 2.18: Elements of business model design (Teece, 2010:173).

The research identified the close relationship between organisational innovation and
strategic management of a business, with top-level managers’ decision-making in order to

successfully practice organisational innovation to enhance competitiveness.

2.4 Design and innovation

Many studies found that design contributes significantly in almost all aspects of innovation
whether it is incremental or radical innovation (Mozota, 2003, Utterback et al., 2006).
However, design is not synonymous with innovation (von Stamm, 2008); innovation
contributes more broadly in an organisation, requiring inputs from R&D, marketing,
strategic management etc., Design, whether as an activity to produce product or as a
company philosophy, is a catalyst and enabler for innovation to have more effective
outcomes. It ‘couples’ between technical possibilities and user/market demands and

opportunities, and can infuse a company’s internal functions with external influences -
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trend, new material and technology, consumer behaviour and patterns of demand (Walsh,
1996). The similarities between innovation and design are evident in how they expand their
roles in an organisation. As innovation expands, it becomes more complex, with numerous
ideas of where in a business it may be implemented. As with design, its contribution is now
acknowledged in more areas of businesses because of the blurring of the boundaries of
design and how it can be used in a business to harness leaders’ and managers’ creativity,

and influence how a product appears and functions.

2.4.1 The relationship between design and innovation

Designers develop an innovation-conducive mindset through their personal preferences
and training (von Stamm, 2008). Mozota (2003) notes that design input is required for
every incremental or radical innovation, and Roy (1994) states that innovation capability is
interlinked with design input. Design can manipulate and visualise ‘creativity’ to solve
complex or ‘wicked’ problems at different levels of an organisation, including
understanding the complexity of the market and of user needs, creating products/services
which bring return of investment and profit margins while considering social responsibility,
and organising the business to embrace rapid changes in the business environment through
innovation (Neumeier, 2008). This problem-solving ability is an essential part of
cultivating innovation (Kelly, 2001, HBE, 2003, Hansen and Birkinshaw, 2007, Jolly,
2010). The DTI described design as a bridge between “creativity’ and ‘innovation’ where
design links scientific knowledge and new technology (DTI, 2005) (see Figure 2.19). In the
DTI report, innovation is seen as the successful implementation of new ideas provided by
creativity, although design is still seen as discipline-based activities: graphic, interior,

fashion, industrial and engineering design within a business.

Innovation = Productivity

Business
Performance

Figure 2.19: The relationship between creativity, design and innovation (DTI, 2005:3)
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Key literatures identify the relationship between design and innovation (see Table 2.11),
where the areas of design and innovation identified in the research include designing,
design strategy and corporate-level design thinking for design, and technological,

product/service, process and organisational innovations.

Table 2.11: Key literatures discussing the relationship between design and innovation

Design areas* Innovation areas** Reference
D DS CLDT Tl P/S/Pr Ol
. . . . . (Acklin, 2010)
. . . . . . (Battistella et al., 2012)
. . . . . . (Bertola and Teixeira, 2003)
. . . . . (Bruce and Bessant, 2002a)
. . . . (CEC, 2009)
. . . (Chiva and Alegre, 2009)
. . . . . . (DC, 2011)
. . . . (Dell'Era et al., 2010)
. . . . (Fernandez-Mesa et al., 2013)
. . . . (Kyffin and Gardien, 2009)

. . . . (Mootee, 2013)

. . . . . . (Mozota, 2003)
. . . . (Nichols, 2013)
. . . . (Tether, 2009)
. . . . . (Verganti, 2009)
. . . . . . (von Stamm, 2008)
. . . . (Walsh, 1996)

N.B. *In the design area, D=Designing, DS=Design Strategy, CLDT=Corporate-level Design Thinking.
** In the innovation spectrum, TI=Technological Innovation, P/S/Pr=Products/Services/Processes
Innovation, Ol=0Organisational Innovation)

The research identified three key design areas which influence innovation in a company.
Firstly, design is used as a visual aid to provide “symbolic representation” to illustrate the
innovation vision (Swann and Birke, 2005). This can be expanded to include the ability of
design to visually represent creativity through sketches, CAD modelling, cognitive art
(diagrams, models), storyboards, the customer journey etc., to envision information and
ideas which are easily recognised by innovation stakeholders (Nelson and Stolterman,
2012, Kumar, 2013, Bryden, 2014). It uses design’s technical ability to think holistically to
build on information to generate schematics of a given system, to align relevant and
important aspects of a company’s strategic directions with innovation. Design’s
visualisation ability includes three-dimensional objects (prototype models): in the early
stage, prototypes can manifest the form and structure of the product ideas generated, and in
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the latter stage, it can provide a realistic representation of the product to be produced
(Bryden, 2014, Hallgrimsson, 2012). These prototypes can be used (by both the users and
the company’s production capability) to test product feasibility, to enhance the chance of
successful technological and product innovation. It can also be used to provide a model of
the tangible outcome to convince both external investors and internal innovation

stakeholders of the value of the company’s innovation activities (DC, 2015).

Secondly, design gives greater meaning to products/services offered by the company
through emotional and symbolic content (Verganti, 2008) drawn from new technologies to
enable radical innovation (Dell'Era et al., 2010). The new message and meaning
engendered by design-driven innovation occurs where technology push and design push

meet in a function-message matrix (see Figure 2.20).

Interplay between
design-push
and
technology-push
approaches

New TECHNOLOGY
PUSH

functions

Radical
FUNCTIONS performance

(Technologies) improvement

Inerem ental
performance
improvement

Adaptation to the  significant change  Generation of
evolution of socio-  of messages and new messages
cultural models meanings and meanings

MESSAGES
(Languages)

Figure 2.20: Function-message matrix for design-driven innovation (Dell'Era et al., 2010:14)

Design-driven innovation has another impact on design which differs from the user-centred
approach. It allows the users to discover the meaning of a product where design provides a
semantic dimension in a socio-cultural context and technology provides the functional
dimension to improve customer perceptions of performance (Verganti, 2009). Design as a
provider of new meaning to a product allows the design to be in early stage of the
innovation process, before technology is ready for implementation. This ensures that the

new language proposed by design can be implemented in products to increase the
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manufacturing company’s competitive advantage (Dell'Era et al., 2010, Norman and
Verganti, 2014).

Thirdly, design is used as a strategic tool to enhance a company’s innovation processes.
Design plays a significant role in product/service development, because the innovation
process uses creativity wherever possible to turn ideas into product/service innovations
(Bruce and Bessant, 2002b). Furthermore, Mozota (2006) discusses the four powers which
explore the influence of design both in developing a physical, tangible product and in the
management of a business. Governments are also now considering the importance of
design as a strategic tool to increase industries’ global competitiveness, hoping to gain
economic advantages in a highly dynamic market. The Cox report adequately demonstrates
this emphasis of design use in industry (Cox, 2005). Much of The Cox Report deals with
design in the UK manufacturing industry, where it found that design enhances the impact
innovation has on a company. Table 2.12 shows Mozota and Cox’s view of the scope of

design influence in a company.

Table 2.12: Scope of design influences within a company innovativeness.

Mozota’s four powers of design Cox’s design influence for innovation

. . Reduced unit and labour costs
Design as good business

Reduced materials and/or energy

Design as transformer Opening new markets and an increased market share

Increasing range of goods and services

Design as integrator - TT
g g Improve production flexibility

Improved quality of goods and services

Design as differentiator -
Increased capacity

Source: Adapted from Cox, G. (2005) and Borja de Mozota, B. (2006).

Design’s overarching influence in manufacturing companies can be also found in Pugh’s
theory of Total design (Pugh, 1996):

[Total design] is seen as a broadly based business activity in which specialists collaborate

in the investigation of market, the selection of a project, the conception and manufacture of
a product, and the provision of various kinds of user support. (Pugh, 1996:489)
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Total design describes the design boundary model, predominantly developing a product in
the context of manufacturing companies. However, it also provides a business design
boundary which contains areas of business where design has much broader influence:
development, marketing, purchasing, research, sales, finance and manufacture. As already
discussed, Total innovation (NESTA, 2008b) also broadly considers innovation in
manufacturing companies, including all the innovation areas discussed in the previous
sections (technological, product/service, process and organisational innovation). The
boundaries of Total design and Total innovation are similar in a business context. The
common denominator of the two theories - provision of increased competitiveness and
growth for companies - shows the close relationship between design and innovation.
Harvard Business Essentials (HBE, 2003) shows a simple representative innovation
process, showing almost identical processes with a typical product design process by Bruce
and Cooper (1997) (Figure 2.21). Both processes involve problem identification, idea

generation, development and commercialisation.

I Design Process |»
Formulation: ’ Evolution: Transfer: Reaction:
Design Origins Design Refinement Design Production Design Outcome
-Problem investigation: -ldea refinement -Production, installation -Evaluation of outcome
market and technical -Concept generation -Launch against objectives
-Problem definition: idea -Silution refinement -Delivery -Customer appraisal
generation -Prototype development -Product success
-Project brief -Design freeze
-Design specification
I Inn ion P
1 ovation Process
. Opportunity T
Idea Generation } Recognition Development Commercialisation
A
v
Idea Evaluation

Figure 2.21: Four Stages of the Design Process (upper, adopted from Bruce and Cooper, 1997)
and Innovation Process (lower, adopted from Harvard Business Essentials, 2003)

The essence of both the design and innovation processes is creativity, which takes on a
critical role from initial idea generation to the development of the ideas. Another key issue

of the processes is user involvement, which initiates problem/opportunity identification by
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either directly engaging the user in the product development process, and/or by observing

them and discovering the problems/ opportunities.

2.4.2 The definition of Design Innovation

Many terms describe the influence of design for innovation, mainly ‘design-driven
innovation’ (Verganti, 2009) which defines design as a source of innovation, ‘design-led
innovation’ (Kyffin and Gardien, 2009) where design takes a central role in facilitating
innovation (matrix), and ‘design-inspired innovation’ (Utterback et al., 2006) which is
similar to design-led innovation in that it seeks balance through design between technology,
the market and meanings. These terminologies broadly emphasise the important
contributions of design for innovation from product creation to process development. The
term “design innovation’ refers to a type of innovation which uses design - usually a
product (Berkowitz, 1987), output of design processes (Svihla, 2010), and a contributor to
innovation’s key success factors e.g. creating products which are in the ‘star’ category of

BCG Matrix, and improving the new product development process (Mozota, 2003).

In this research, design innovation is a broader concept than that in current use, because of
the increased recognition of a wider perspective of both design and innovation.
Furthermore, design and innovation make separate — albeit highly interlinked -
contributions to business success. It is thus not a type of innovation but rather how design
Is used to increase a company’s innovativeness. The design innovation outcome can be
radical and/or incremental changes in product, service, process, organisational culture,
and/or business model to increase the company’s competitiveness. In this research, the

definition of design innovation is:

a creative process and its outcome which enable increased innovativeness of a company
through the utilisation of the full spectrum of design including designing (action to
create a product), design strategy (management of the design process), and corporate-
level design thinking (the philosophy and method of design applied to business

management).
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2.5 Manufacturing development in the UK

Like many other developed countries, UK manufacturing industry is undergoing changes.
Great stress is laid on the value of manufacturing in creating a more balanced economy and
to increase national competitiveness. However, fierce global pricing competition from
developing countries such as the “BRIC” nations (Brazil, Russia, India and China) is a
major reason for the decline of UK manufacturing output. UK manufacturing’s current
competitive edge is now recognised to be in high-value manufacturing, but the BRIC
countries are rapidly catching up with the UK in this area, making competition ever more
intense (BIS, 2010c). This trend was predicted by the manufacturers’ organisation, the
Engineering Employers’ Federation’s (EEF) report ‘Manufacturing at the Crossroads’
(EEF, 2001), which expresses concern that if the decline of manufacturing development is
not addressed, the entire UK economy will suffer the consequences, because in recent
years, economic emphasis has undeniably shifted towards the service industries (WEF,
2010). The EEF followed the 2001 report in 2009 with a manifesto stating that the UK
economy’s heavy reliance on financial services has made it unstable and burdened with a
large deficit (EEF, 2009). Therefore, the UK government is becoming increasingly aware
of the importance of manufacturing industry in sustaining the growth and increasing the
competitiveness of the UK economy. The 2010 Growth Review states that manufacturing
growth is a priority until 2020 (BIS, 2010b). As part of this initiative, the UK government
started the ‘Make it in Great Britain’ scheme (BIS, 2011b) which seeks to modernise the
old image of manufacturing, to attract investment and younger talent, and revitalise
manufacturing’s earlier successes. UK manufacturing undoubtedly faces challenges in the
rapidly expanding and increasingly competitive global market; the target should not be
merely survival in this hostile environment but to gain economic growth and a competitive

advantage on the world stage.

2.5.1 Manufacturing and economy

The UK has for decades been a strong manufacturing nation, after the industrial revolution
historically made it globally one of the most powerful nations. More recently, however, the
emphasis of the UK economy has shifted towards service industries, with GVA reaching
76 per cent of GDP compared to thirteen per cent in manufacturing industry (WEF, 2010).
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The importance of manufacturing industry in the UK economy is still undeniable where it
accounts for 50 per cent of exports with three million jobs (fourteen per cent of the
workforce) and £152bn of output (Prest, 2008). With GDP growth declining in the second
quarter of 2009 during the global financial crisis to as low as approximately minus six per
cent (ONS, 2010), some commentators argue this may be due to the UK's over-reliance on
the services industry, and that the recovery may have been slower than that of other
European countries such as Germany and France (BBC, 2009). During this period when
manufacturing industry was arguably the unsung hero of the UK economy, Temple (2011)
states that as a nation the UK is finally recognising the importance of 'making things' and
having a 'better-balanced' economy. According to the 2009 EEF report, one in seven UK
manufacturing firms is beginning to bring production work closer to home again because
overseas production has insufficient cost savings, slow product delivery to the market, or
produces lower quality goods (BIS, 2010c). However, despite the encouraging signs for
current UK manufacturing, many obstacles remain. In 2010 the UK's deficit was 13.3 per
cent of GDP, proportionally the highest among the G20 countries (BBC, 2011). The UK
government relies on manufacturing and exports to speed economic recovery and reduce
the deficit, so it is imperative that manufacturing development is properly managed to
generate the most effective output for the UK economy. This is more apparent in an era
when the UK manufacturing industry is fast evolving into a 'modern manufacturing'
industry, spearheading new technologies, products and ways of working (BERR, 2008).
Manufacturing’s contribution in the service industry has been noticeable with fourteen per
cent of the total value of service exports in 2005 resulting from manufacturing industry
(BIS, 2010c), the second largest contributor after real estate, renting and business activities
with 55 per cent (Neely, 2007) although they still lag behind other main competitors such
as the United States and Germany.

The UK government therefore supports research into innovative manufacturing through the
EPSRC (Engineering and Physical Science Research Council) with funding of £45 million
in EPSRC Centres for Innovative Manufacturing, working closely with businesses to
stimulate growth in the most promising and innovative areas of manufacturing research
(EPSRC, 2011). The government also recognises the importance of design in

manufacturing industry: the 2008 BERR (now BIS) report states that the combined
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strength of the creative economy and manufacturing would help secure the UK’s long-term
competitiveness. However, the absence of an appropriate design policy for innovative
manufacturing, to foster optimum synergy between academia and businesses with design
and the manufacturing industry, could result in both 'market’ and 'system' failure, and
‘footloose multinationals’ in the area of 'creating national assets’, one of the economic
rationales for the national design policy published by BIS (2010a). The development and
implementation of an appropriate design policy for innovative manufacturing in the UK is
therefore urgent and of primary importance in order to encourage and support more

comprehensive use of design in manufacturing companies.

2.5.2 UK Manufacturing sector

The UK manufacturing sector includes many industries. Companies House (CH) produces
a Statistical Industry Classification (SIC) code for industry statistics (CH, 2011), with
Manufacturing in Group D. The manufacturing sector contributes thirteen per cent of UK
GDP, estimated at US$2.18 billion, the sixth largest in the World (WEF, 2010). The
contribution of each industry towards the UK’s Gross Value Added (GVA) shows that the
five top industries - food, beverages and tobacco, chemicals and pharmaceuticals,
publishing and printing, fabricated metal products, and machinery and equipment —
together make up over half of the total manufacturing GVA (BIS, 2010c). Furthermore, the
growth of manufacturing industries from 1994 to 2009 indicates that relatively high-
technology industries (aircraft, rail, marine and motorcycles, chemical, pharmaceuticals,
medical and precision instruments) have grown in size whereas relatively lower-
technology industries (leather products, clothing, textiles) have all decreased in size
(Figure 2.22).
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Figure 2.22: Manufacturing output in the UK(BIS, 2009:3)
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Research indicates that high-technology industry competitiveness is greater than that of
lower technology, mainly because of the surge of price-competitive imports from
developing countries. However, Industrial System Research also states that manufacturers
do not meet UK customers’ needs because of their deficiency in product innovation,
quality control and assurance, marketing and delivery, and after-sales service (ISR, 2003).
Foresight (2013) research for the UK Government Office for Science recommends four
key future manufacturing characteristics: (i) faster, more responsive and closer to
customers, (ii) exposed to new market opportunities, (iii) more sustainable, and (iv)
increasingly dependent on highly skilled workers. The research also considers future UK
factories, identifying typical current features, and predicting likely or desired future
features (see Table 2.13).

Table 2.13: UK factories of the future

UK factories of - .
the future Typical current features Likely future features
Limited flexibility of production lines, Highly capable, flexible, embedded
Process and - ? - - .
A with some potential for multi-product knowledge, close customer relationships,
practices -
manufacturing cross sector R&D
N . Diversity, central hubs, urban sites,
. Centralised in legacy locations, some L . ;
Locations . . distributed and mobile, home integrated
distance from customers and suppliers desi .
esign-make environments
Typically a mixture of global and local Localised & integrated ‘partnering’,
Supply chains supply chains, not well integrated with effective use of global capabilities and
partners with limited risk / revenue sharing | adaptable logistics systems
Goals and Mostly focussed on cost, quality and Speed, agility, degree of cross-region /
metrics delivery with less emphasis on future sector collaboration, total resource
performance and sustainability efficiency, global competitiveness
Often close to urban areas with legacy Innovative and customised buildings,
Facilities infrastructure (especially ICT) & poor spacious, sustainable operations, open to
sustainability performance customers, partners and the community
Typically a focus on low risk automation Integrated value chain approach, digitised,
Technology and product technologies. Reliant on Big Data enabled, additive processes and
technology from equipment suppliers many new advanced materials
Typically technical and professional Increasingly knowledge based work,
People workers, mostly men, with processes continuous improvement principles, multi-
reliant on manual intervention skilled / gender teams
Typically a ‘command and control’ culture | Open, creative, networked and interactive.
Culture focussed on in-house knowledge, limited Integrated working principles with
supply chain integration suppliers and research partners

Source: (Foresight, 2013:22)

Research indicates a recognition of the need for change in the UK manufacturing sector.
The UK government recognises this and some leading companies are embracing the

change required to not just survive but thrive in the globally competitive market (PWC,
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2009). The emphasis on innovation for manufacturing is obvious because the capabilities
of innovation match the requirements identified above. The following section discusses
further the government and industry’s emphasis on manufacturing and innovation (Section
2.5.4).

2.5.3 Manufacturing value chain

The value chain provides an overview of the accumulated build-up of activities which
provides added value for customers, viewing the company as a system and a process
(Needle, 2010). As manufacturing becomes more complex, it is important to understand
the fundamentals of how a company operates as a system in the value chain. The initial
value chain was developed by Porter (1985), showing primary and secondary activities
(see Figure 2.23). Inbound logistics includes activities handling and transportation of
goods from suppliers, an operation which refers to all activities which involve
transforming input into the final product/service. This stage includes multiple stages in
various specialist departments. Outbound logistics represents the activities which involve
storing and distributing the final outcome. Marketing and sales provide the company’s
customer needs, and communications with potential customers, to make them aware of the
product offering. Finally, the primary activity includes service to ensure the

product/service works correctly.

Primary Activities

Inbound . Qutbound Marketing )
Logistics = Operations  fe=p> Logistics > and Sales > Services
The Value Chain
Procurement Human Resource Management

Infrastructure Technological Development

Support Activities

Figure 2.23: The organisational value chain (Porter, 1985)

The primary activities are supported by four supporting activities, including procurement,
which is the activities involved in the acquisition of inputs or resources for the company,
ideally with reliable, high-quality supplies at the best price. Human resources management
includes activities to recruit, hire, train, develop, reward and dismiss personnel.
Technology development is involved in all primary activities and includes the development
of knowledge and dissemination of that knowledge about the equipment, hardware,
software and appropriate procedures. Infrastructure is the connection between various parts
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of the organisation, including functions or departments (materials planning, logistics, legal,
finance, public affairs etc.,). A common stereotypical perception of manufacturing is that it
“only” involves production. This is referred to as small-‘m’ manufacturing by Poli (2001)
i.e. the part of the product realisation process concerned with the physical assembly of
parts. BIS (2010c) has developed a manufacturing value chain based on Porter’s value
chain (see Figure 2.24). This is more specific for current manufacturing and shows the

activities of the entire manufacturing process.

Design & Production Logistics & Sales & After sales
Development Distribution Marketing services
of products

and services

)2 XD DD

Figure 2.24: The manufacturing Value Chain (BIS, 2010c:6)

Research

Segmentation of the ‘operation’ part of the original value chain into research, design and
development of products/services, and production emphasises the importance of these
activities in manufacturing companies. The value chain comprises a complex system of
manufacturing, especially in high-technology industries (BIS, 2010c) where the supplier
(Tier 1 supplier) can be involved in different production activities, with external design
consultancies involved in all or part of the value chain. With globalisation, some activities
may not be co-located for various reasons, including increased price competitiveness or to

ascertain technical expertise and have a skilled workforce.

2.5.4 Innovative manufacturing
The UK government has identified the strengths and strategically important areas of
manufacturing to be developed and supported in the future: advanced (BIS, 2009, BIS,
2010b), high-value (TSB, 2011c, TSB, 2012b) and innovative manufacturing (TSB,
2011b). BIS defines advanced manufacturing as the businesses which produce
technologically complex products and processes by using a high level of design or
scientific skills (BIS, 2009) with characteristics derived from BIS (2010b) and BIS (2010c):
e Intensive use of capital knowledge
e Can require long-term investment decisions to develop processes and buy
equipment (which can take more than a year to manufacture)

60



e Uses high levels of technology and R&D and intangible investments (training,
improvements to the business process etc.,) to support innovation

e Requires a flexible workforce with strong specialist skills in science, technology,
engineering and mathematics and design

e Competes in international and domestic markets.

Such specialised requirements mean that advanced manufactured goods and associated
services tend to be of high value. The UK Technology Strategy Board’s (TSB) definition
of high-value manufacturing indicates that it is the “application of leading-edge technical
knowledge and expertise to the creation of products, production processes, and associated
services which have strong potential to bring sustainable growth and high economic value
to the UK.” (TSB, 2012b:3). Advanced and high-value manufacturing both rely heavily on
technological developments, but the key difference between them is that the emphasis of
advanced manufacturing is on utilisation of advanced technology whereas high-value
manufacturing is more focused on economic growth and value. With the emphasis on
advanced and high-value manufacturing, innovation has become an important agenda for
enabling manufacturing companies’ success. Innovative manufacturing has enabled a new
manufacturing paradigm: the traditional focus on cost and efficiency now includes
innovation. However, certain conflicting preconceptions between efficiency and innovation
in many areas of business (see Table 2.14) have made it harder for manufacturing

companies to balance between the two main drivers for change (Trott, 2005).

Table 2.14: Efficiency verses innovation

Focus on cost and efficiency Focus on support for innovation
Attention to detail Bigger picture

Present Future-oriented

Clarity and certainty Accepting of (initial) ambiguity
Predictability Uncertainty

Numbers driven Visual, concept driven

Tight control Autonomy

Repetition Experimentation

Standards and procedures Open-mindedness and flexibility
Failure = disaster Failure = learning

Rational Emotional

Preserving the status quo Challenging the status quo

Source: (von Stamm, 2008:21)
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With increasing competition from low-cost economies such as China and Eastern Europe,
UK manufacturing can no longer compete on price (PWC, 2009). The UK must try to
maintain the competitive advantage of the value it brings to the end-users: consumers
and/or other businesses. In this hostile environment, innovation is recognised as a key
differentiator to produce value-added products/service, to gain a competitive advantage.
Therefore, in micro-level, the balance between efficiency driven change and innovation
driven change must be achieved by UK manufacturing companies to sustain their
competitiveness. In macro-level, the UK government has identified key industries such as
aerospace, automotive, chemicals, pharmaceuticals and foods, to maintain or enhance the
international competitiveness of UK-based manufacturing by developing ‘innovative
manufacturing’ (TSB, 2011a).

Innovative manufacturing is difficult to categorise as there are no universally approved
criteria for deciding whether the company is classified as innovative, or in a specific sector
e.g. manufacturing. Laforet and Tann (2006) defined ten innovativeness indicators, mainly
from the DTI/CBI reports:

e number of new product ideas a company has had in the last five years

number of new products launched in last five years

e number of product improvements introduced in last five years

e innovation prize(s)

e when the newest product was introduced

e the percentage of sales from this product

e extent to which major customers provide specifications for new product(s)
e level of investment in office systems and technology

o level of investment in shop-floor systems and technology

e new or improved ways of working in last five years.

Innovative manufacturing also has some measureable indicators, similar to the Queen’s
Award for Enterprise criteria, where commercial performance of a product/service
launched within three years is an important indicator. Although financial indicators provide
evidence of some aspects of innovation, this does not provide definitive criteria for

innovativeness as defined in this research. It should be broader, because the intention of
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developing innovativeness is of greater importance than previous indicators. Various
manufacturing companies at different stages of innovation success should also be included
as innovative. Although this maybe more difficult to define, evidence of active
participation in collaborative projects with an academic organisation to increase
innovativeness would be evidence of the intention and willingness of moving forward to
become more innovative (Freel, 2000). Furthermore, recognition by innovation awarding
bodies - The Queen’s Award, The Future of Manufacturers, TMMX - would be evidence
of a company’s intention to become more innovative. Further exploration of innovative
manufacturing will be discussed in Chapter 4 where the definition for the research is

reconfirmed from the exploratory interviews.

2.6 Chapter Summary

This chapter has explored the basic principles of design, and how it has developed to
become a vital strategic tool for businesses, acknowledging the complex nature of
identifying the universal meaning of design, which depends heavily on the context in
which the word is used. It has attempted to provide a holistic view of the expanding roles
of design, including designing for a product/service, a design strategy to manage designing
processes and ensure design is fully utilised by the company, and lastly of corporate design
thinking where the philosophy of design is applied to manage the organisation as whole.
These areas of design form the design spectrum, which shows the different attributes of
design in a company. The complex meaning of innovation was also explored in this
chapter. Despite innovation’s complex meaning, the chapter has constructed an innovation
spectrum which covers product/service, process, and organisational innovation. The
relationship between design and innovation was investigated to determine how design
influences innovation in a company. UK manufacturing was also explored to provide an
overview of the UK manufacturing scene and the government emphasis on developing

innovative manufacturing.

The next chapter explains the research methodology in depth, with an explanation of each
of the methods used to fulfil the aim of the research.
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Chapter 3. Research Methodology

3.1 Introduction

This chapter presents the research methodology used including its strategy and design. The
research strategy explains the researcher’s philosophical stance and explains the use,
approach and purpose of the research. The research design is described in detail: the
research process including the overview, methods for collecting and analysing data, and
the justifications and background theories required to answer the research question in the
previous chapter (Figure 3.1).

Introduction Exploratory interview
! | '

Questionnaire survey
I

The research strategy

l "
Epistemology and Case study
theoretical perspective : I
| I

In-depth interview
Basic and applied research

Reliability and validity
The research approach I

Research ethics
The purpose of the research

| | l

Chapter summary

The research design

Literature review

Figure 3.1: Chapter map

The research uses constructivism epistemology with an interpretivist theoretical
perspective because of the constructive nature of the research, which seeks to provide a
design innovation framework to further improve the innovativeness of UK innovative
manufacturing. The research also has certain applied research characteristics, specifically

action research. The principle of inductive research is also used, although some elements
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of the research are inherently deductive in nature - e.g. the framework evaluation - which is
typical of much modern research. The purpose of the research is thus explorative in
principle, using studies, which require elements of descriptive enquiry to evaluate the

theories generated during the research process.

The research is designed to provide a rigorous process drawing on the grounded theory
approach, where theories generated by the data are analysed to form new knowledge for
academia and for the real world (innovative manufacturing and design industry). Several
methods are used to achieve the research aim, including: (i) literature reviews to
understand the context of design, innovation and manufacturing businesses, and current
design innovation theories, (ii) exploratory interviews to explore the context of innovative
manufacturing, (iii) exploratory questionnaire surveys to understand the innovative
manufacturing context and more importantly, the perception, role and utilisation of design
in innovative manufacturing, (iv) case studies to provide a real-life picture of the
implications of the design innovation spectrum, and (v) a series of in-depth expert
interviews to gain deeper understanding of the context, and to evaluate and generate design
innovation characteristics which are fundamental to generating the design innovation
framework. These methods are designed both to provide insight into the phenomenon and
to evaluate the validity of the research, using triangulation of methods and data where

possible to ensure reliability.

3.2 The research strategy

Research comprises a range of activities which attempt to answer the researcher’s enquiry
(Silverman, 2010). In order to achieve the research goal, one must first understand the
framework in which the action takes place: the framework is referred as the research
strategy (Patton, 1990). The researcher’s fundamental understanding and the nature of the
enquiry are key to constructing the strategy, and selecting a technique appropriate for the
study (Patton, 1990, Crotty, 1998), so this section discusses the research strategy from the

epistemological stance to the proposed purpose of the research.
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3.2.1 Epistemology and theoretical perspective

This research creates theoretical and practical knowledge of complex objects (i.e. design,
innovation, and innovative manufacturing), so the epistemology is unlikely to rely
exclusively on one particular stance. However, the research principally employs
constructivism epistemology, as the meaning (further improvements in innovativeness of
innovative manufacturing companies) is constructed separately from the interaction
between the subject (the researcher) and the objects (design, innovation and manufacturing
companies). The researcher thus acts as an agent who interprets information from both
design innovation and the manufacturing context, and provides objective theory to be
implemented by the object (Guba, 1990). The theoretical perspective of the research is
interpretivism because of its close link with constructivism (Gray, 2009), but more
importantly the research adopts the philosophy of symbolic interactionism in constructing
meanings through continuous integrations with the object (Crotty, 1998, Berg and Lune,
2012).

Epistemology is a philosophical approach to knowledge which explains and justifies the
assumption of a researcher’s knowledge to build appropriate theoretical perspectives and
methodology (Crotty, 1998, Miller and Brewer, 2003, Easterby-Smith et al., 2008). It is
also described as a worldview (Guba, 1990, Creswell, 2009), paradigms (Guba and Lincoln,
1994) or broadly conceived research methodologies (Neuman, 2003). Epistemology is the
first consideration a researcher should explore, as their epistemological stance will
influence theoretical perspectives and subsequent methodology and data-gathering
methods (Gray, 2009).

Although various authors define the boundaries of the concept of epistemology differently,
and even interlink ontology and theoretical perspective together (Creswell, 2009),
objectivism, constructivism and subjectivism are the main epistemological stances (Crotty,
1998). Objectivism describes meaning independently from consciousness (subject), that
the truth is discovered from something (the object). In other words, the truth is out there
and we need to discover it. In contrast, constructivist epistemology is where the meaning is
constructed from engagement of our consciousness (the subject) with something (the

object). The meaning exists only through this interaction. In subjectivism, the meaning is
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imposed by a subject on an object. The meaning is not created but imported from anything

other than an interaction between subject and object, in contrast with constructivism.

3.2.2 Basic and applied research

Research has two main uses (Neuman, 2003): “basic research” which focuses purely on
scientific and academic knowledge creation which advances general knowledge, and
“applied research” which aspires to solve specific problems with pragmatic orientation.
The current research aims to create a design innovation framework for UK innovative
manufacturing companies as a tool to increase innovativeness, to enhance competitiveness
and growth potential. The research, which addresses the problem of the limited perspective
and the under-utilisation of design in innovative manufacturing, is therefore inherently

geared towards applied research.

The characteristics of applied research are followed in this research (Patton, 1990, Neuman,
2003) including: (i) raising consciousness or increasing awareness of issues, by providing a
comprehensive overview of design innovation in a business context (the design innovation
spectrum), and underlying actions, effects and benefits of design innovation characteristics
(design innovation framework) in innovative manufacturing companies in the UK, and (ii)
relating to a plan or programme of actions, by recommending an implementation process
with scenarios for innovative manufacturing companies as well as well as the design

innovation consultancies to optimise the use of design innovation framework.

3.2.3 The research approach

The research adopts the principle of the inductive approach where information on
expanding perceptions and the role of design and innovation in businesses, and the context
of UK innovative manufacturing, are gathered to formulate and recommend a design
innovation framework and its implementation in UK innovative manufacturing companies.
However, in the wider research context, the theories produced from different phases of the
research undergo continuous evaluation to ensure the theoretical concepts are feasible and
therefore valid in the context of the study (i.e. design innovation and innovative
manufacturing). Hence, there are elements of the deductive approach a combination of

approaches typically found in researches for modern problems (Gray, 2009, Robson, 2011)
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as the network of contributors on which the research draws is complex and requires a

combination of both approaches.

Induction and deduction are the two main reasoning approaches in a research, depending
on the researcher’s thinking process or the research project (Dewey, 1998, Gray, 2009).
The inductive process requires data collection and analysis to discover patterns in order to
ascertain generalisations, relationships and theories. Induction requires a critical approach,
to identify emerging patterns and their subsequent significance to build a theory which is
relevant to the context of study (Crotty, 1998, Bryman, 2008). Conversely, the main
purpose of the deductive approach is to test a hypothesis or theory, which enables the
research to confirm the concept. This approach requires the theory or concept to be
measurable to enable the research to either prove or disprove the initial hypothesis (Gray,
2009). The nature of the two approaches means that inductive studies tend to use
qualitative methods - interviews, observations, and case studies (Creswell, 2009) - whereas
deductive studies are likely to use quantitative methods such as questionnaire surveys
(Kumar, 2011).

3.2.4 The purpose of the research

The research is largely ‘exploratory’ because the research primarily asks ‘what?” questions
and seeks to create a set of categories (design innovation characteristics) in order to
provide a detailed picture of design innovation in innovative manufacturing in the UK as
explained by Neuman (2003). However, certain elements of the research may cross
categorisation boundaries e.g. series of evaluation studies seeks to test the theory (i.e. the
design innovation spectrum and the design innovation framework) for classifying
categories and discover feasibility of the theories in commercial environment which is part
of a descriptive research. This is often the case when the research attempts to answer

several questions (Gray, 2009).
The purpose of conducting research can be divided into three main categories (Neuman,

2003, Robson, 2011): exploratory, descriptive and explanatory (Table 3.1). The

exploratory enquiry seeks to answer “what?” questions, to explore a largely unexplored
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social phenomenon (Saunders et al., 2009), so qualitative techniques are often used for an

exploratory enquiry (Neuman, 2003).

Table 3.1: Purpose of research

Exploratory Descriptive Explanatory
e Become familiar with the basic * Provide a detailed, highly | ¢ Test a theory’s predictions
facts, settings, and concerns. accurate picture. or principle.
*  Create a general mental picture e Locate new data that e Elaborate and enrich a
of conditions. contradict past data. theory’s explanation.
* Formulate and focus questions e Create a set of categories | * Extend a theory to new
for future research. or classify types. issues or topics.
*  Generate new ideas, conjectures, | *  Clarify a sequence of e Support or refute an
or hypothesis. steps or stages. explanation or prediction.
*  Determine the feasibility of *  Document a causal e Link issues or topics with a
conducting the research. process or mechanism. general principle.
*  Develop techniques for * Report on the background | » Determine which of several
measuring and locating future or context of a situation. explanations is best.
data.

Source: (Neuman, 2003:15)

Descriptive research aims to describe the relationship between a situation, person, or event
to provide an overview of a phenomenon (Gray, 2009), essentially answering “how?” and
“who?” questions (Neuman, 2003). Finally, the purpose of explanatory research is to
explain the source of a social behaviour or phenomenon (Neuman, 2003, Yin, 2009). It is
conducted to answer the “why?” question where the distinction between descriptive and
explanatory can be used also to describe qualitative and quantitative research respectively
(Gray, 2009).

3.3 Research design

Research design is fundamentally a sequence of answering the research question by
selecting and collecting relevant data and critically analysing them to draw a conclusion
(Neuman, 2003, Yates, 2004, Gray, 2009, Yin, 2009, Berg and Lune, 2012). It is used to
identify potential flaws in answering the research question (Yin, 2009), and specify how
the research will be conducted (Berg and Lune, 2012). Another consideration the
researcher must consider when designing the research is the duration of the research,
bearing in mind that in most qualitative research data collection continues while previous

data is analysed (Richards and Morse, 2013). However, as with any good design, it is
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inevitable that iterations and improvements will be made during the course of the research,
because experience and knowledge gained whilst conducting the research surpasses that
anticipated by the initial research design. Some alterations were made as this research
progressed, but the fundamental research question remained the same throughout. The
overview of the research design is shown in Figure 3.2.
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Figure 3.2: Overview of the research design

The first phase of the research explores the meaning of innovative manufacturing in
relation to advanced and high-value manufacturing, which are regarded as important
strategic areas of UK manufacturing. The perception, role and utilisation of design in the
innovative manufacturing context were then explored to identify the key issues of design in
UK innovative manufacturing. This phase of the research was a part of a BRIEF (Brunel
Research Initiative & Enterprise Fund) project called ‘Design Policy for Innovative
Manufacturing in the UK’ (Principal Investigator - Dr Youngok Choi), which aims to
create an agenda for developing a national design policy. The researcher played a
significant part in planning, gathering and analysing the data necessary to achieve that aim.

It was collaborative research with Lancaster University, and project meetings were held
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throughout the research phase with academics from Brunel University London and

Lancaster University to provide ongoing critique, evaluations and developments.

In this phase, both qualitative and quantitative methods were used, including exploratory
interview, questionnaire survey, and in-depth interview. The exploratory interview was
conducted with four manufacturing academics who had a significant interest in the
development of manufacturing as an industry and special technical researches to enhance
the advancement of manufacturing. This was followed by a questionnaire survey with
innovative manufacturing companies, as defined in the literature review. Some forty-eight
responses were collected which enriched the understanding of the context. A series of in-
depth interviews was conducted with eleven manufacturing industry experts to gain deeper
insight into the use of design in innovative manufacturing companies to further identify
issues about the utilisation of wider areas of design. This phase employed mixed methods
to ensure that the data and subsequent analysis are valuable in constructing an insightful
overview of the context of design in UK innovative manufacturing. The main outcome of
the first phase was evaluated by presenting at the DMI research conference, ‘Leading
Innovation Through Design’, Boston in August 2012 (Na and Choi, 2012). The audience of
academics and practitioners of design management from all over the world provided

valuable feedback which helped to better construct the next phase of the research.

The second research phase went on to develop: (i) a design innovation spectrum which
aims to provide an overview of the inter-relationship between design and innovation in a
business context, (ii) the design innovation characteristics which comprehensively
represent the actions, effects and benefits of design innovation for innovative
manufacturing companies, and (iii) the design innovation framework and subsequent
implementations to illustrate how design innovation benefits companies by developing
different areas of innovation, leading to subsequent growth and increased competitiveness
for innovative manufacturing companies. This phase used qualitative in-depth interviews
and case study to gain specific insights from the experts in the field of study and to relate it
to real-life situations. The eleven design innovation experts - drawn from design
consultancies, a design NGO, and a governmental innovation support organisation for

manufacturing companies - first evaluated the design innovation spectrum created as part
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of Development 1. They then provided insights about design innovation actions and their
subsequent effects on innovative manufacturing companies, from their extensive
experience of working for and with the innovative manufacturing companies to help
construct design innovation characteristics (Development 2). The first part of the in-depth
interviews with eleven manufacturing industry experts provided data about current issues
in the utilisation of design in innovative manufacturing companies for the first phase
(exploration). In the second part of the interview they, like design innovation experts,
explained the possible actions and effects of design innovation for innovative
manufacturing companies, which also contributed to formulating the design innovation
characteristics (Development 2). The forty-six innovative manufacturing companies were
investigated as part of the case study, which provided real-life examples of using aspects of
the design innovation spectrum (Development 1) and their possible effects. The case study
was then used to build three scenarios of possible innovative manufacturing company
situations which could use the design innovation framework, which formed part of the

framework implementation process (Development 3).

The third phase evaluated the design innovation framework and its subsequent
implementation, using the qualitative in-depth interview method. The interviews were
conducted with ten experts in the field of design innovation and innovative manufacturing.
The design innovation framework booklet was produced and distributed for the
interviewees to review prior to the interview and evaluated the framework and
implementations at the interview to provide insights about viability, feasibility, and
usability. The interview results were then used to finalise the framework and

implementation process as a research recommendation.

3.3.1 Literature review

This research uses literature review extensively; it is used to understand the existing theory
and critically review, analyse and synthesise that body of knowledge mainly in the areas of
(i) expanding meaning and practice of design and innovation in businesses, (ii)
manufacturing and its relevance to the UK, (iii) an overview of business operations, (iv)
the relationship between design, innovation and manufacturing in the UK. The goal of the

first area is to obtain a holistic perspective to better understand the overall benefits. Each
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discipline (design and innovation) is then categorised in order to compare and generalise
the areas of design and innovation in manufacturing companies. The second area of
literature review is of manufacturing, to generate contextual issues in manufacturing
development and their importance, as it has become a critical issue for the UK and other
developed countries to increase global competitiveness. Thirdly, literature about business
structure and operation was studied to create a firm anchor for the complex - and

sometimes contradictory - theories of design and innovation.

Literature review is defined as the selection, critical review, analysis and synthesis of both
published and unpublished documents which enable the researcher to gain a
comprehensive current overview of information, ideas, data and evidences on the topic of
enquiry (Hart, 1998, Neuman, 2003, Silverman, 2010). The purpose of the literature review
(Neuman, 2003) is to: (i) narrow down the broad topic, (ii) identify the “state of knowledge”
on a topic, (iii) stimulate the researcher’s creativity and curiosity, and (iv) provide good
examples of other studies for the methodology and presentation of research. Gray (2009)
adds that it also provides up-to-date understanding, and identifies significant issues,
particularly gaps in current knowledge. In a research report, the literature review is used to
(i) dispel myths, (ii) explain competing conceptual frameworks, (iii) clarify the focus of the
researcher’s work, and (iv) justify assumptions (Berg and Lune, 2012). Information can be
obtained from various sources: periodicals, scholarly journals, newspapers magazines,
television, radio broadcasts, textbooks, encyclopaedias etc., but it is essential for
researchers to distinguish the relevance, balance of opinions, and purpose of the literature

(i.e. intended audience) for it to be used as a valid source of information (Neuman, 2003).

3.3.2 Exploratory interview

In the early stages of a research, it is important for the researcher to be familiar with the
context in which the exploration takes place (Bryman, 2008). Interviews complement the
literature review and provide a means to explore and develop an in-depth understanding of
the topic (more explanation on interview is expanded on later in this chapter), and this
research uses various interviews to explore design, innovation and manufacturing issues.
This includes several non-structured interviews with experts in the field of design,

innovation and manufacturing at research conferences, trade shows, events organised by
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both governmental organisations and NGOs etc., Exploratory interviews were also
conducted with manufacturing academics to provide deeper understanding of innovative
manufacturing in the context of the UK manufacturing sector, and its relationship to
advanced and high-value manufacturing which are, as the literature review identified, the
three strategically important areas of UK manufacturing. The interview was conducted
using the face-to-face, semi-structured method in order to construct an overview of the
significance of innovative manufacturing for the manufacturing industry itself. The
academics were specifically chosen to provide insight into both academic and industry
perspectives, as they have both extensive academic research experience and of working in
and/or collaborating with the manufacturing industry. Purposive sampling was therefore
used to obtain the most relevant overview of broader manufacturing. Table 3.2 shows the

interviewee profiles.

Table 3.2: Exploratory interviewee profile

Interviewee | Title Affiliation Profile/Expertise
MA1 Lecturer Advanced/Innovative | Co-ordinator of an innovative manufacturing
Manufacturing group in a university, extensive industry
experience and an interest in cultivating
innovation in manufacturing industry.
MA2 Director EPSRC Innovative Application of rigorous scientific and
Manufacturing Centre | technological research in manufacturing industry.
MA3 Head of AMEE (Advanced Advanced manufacturing and the fundamentals of
Manufacturing manufacturing systems, and extensive
Enterprise collaborative research in manufacturing industry.
Engineering)
MA4 Senior Engineering Design, Chairman of the UK Design for Manufacture
Lecturer Manufacturing (DFM) BSI group, and made a significant
Engineering contribution to creating BSI 8887 and 1SO 9000

Drawing on the literature review, various context models of innovative manufacturing
were constructed prior to the interviews to aid the interview process, in an attempt to
visualise the definition in relation to advanced and high-value manufacturing. The figures
were shown to each academic for comment, seeking guidance to contextualise the
research’s definition of innovative manufacturing in UK manufacturing industry (see
Appendix A). The key topics discussed were:

* the expert’s definition of advanced/high-value/innovative manufacturing

* the meaning and value of the innovative manufacturing sector

» the key benefit of the expert’s research for innovative manufacturing and for

general manufacturing in the UK
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* comments on the contextual manufacturing models presented, and

» the role of design in innovative manufacturing.

Each interview was approximately sixty minutes. The researcher noted key points and a
report was written soon after each interview to ensure that no details were missed. Writing
or drawing on the models was encouraged and the interviewees’ notes and drawings on the
initial models were used to reinforce the interviewees’ opinions about the relationship
between advanced, high-value and innovative manufacturing. The results were then used to
construct a contextual model of innovative manufacturing. This took several iterations,
using evaluation conducted with academics from manufacturing and design management
(the BRIEF project team). The final model was constructed to illustrate the relationship
between innovative, advanced and high-value manufacturing to add to the “richness” to the
research (Fielding, 2012).

The meaning of advanced and high-value manufacturing was then expanded to construct a
generalised innovative manufacturing model. The generalisation process was conducted
using horizontal evaluation (Thiele et al., 2007) which combines self-assessment and
external peer evaluation. Therefore, the innovative manufacturing model was analysed by
the researcher first to identify commonalities between the meaning of each influence (i.e.
advanced and high-value manufacturing) in the wider context of innovation and business
values. This was followed by the peer meeting with four PhD researchers in the areas of
manufacturing and design management to evaluate whether the concept could be
generalised. The generalised context model was then constructed to provide an overview of
how innovative manufacturing influences different types of innovation and subsequent
business development (Chapter 4). The interview findings also provided a basis for
constructing the questionnaire survey which explores perceptions of design in UK

innovative manufacturing companies.

3.3.3 Questionnaire survey
A questionnaire survey was undertaken for this research with innovative manufacturing
companies in the UK, to explore the perception of design, innovation and manufacturing,

and their use of design. The “descriptive” survey spurred further in-depth research to
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investigate the same topics using the in-depth interview, to form a triangulation of methods
exploring the perception of design and its role in innovative manufacturing companies.

A survey is among the most popular methods used by commercial, government and private
organisations (Yates, 2004, Gray, 2009). It can be systematic “descriptive” data collection
which provides participants’ perspectives, or “analytical” which attempts to prove or
validate a theory (Gray, 2009, Henn et al., 2009). The descriptive survey answers ‘what?’
questions, the enquirer asking questions based on sound theory to explore the situation and
thereby inspire further theory construction or problem identification, leading to appropriate
actions (De Vaus, 2002). It is used to gather information about people’s opinions and
perspectives, with less concern for numerical precision (Fowler, 2002). The analytical
survey uses variables to determine the relationship, which can be proven with statistical
precisions (Gray, 2009). The advantage of using a survey varies greatly depending on the
nature of the research. However, the typical advantages and disadvantages (Gillham, 2008)

are shown in Table 3.3.

Table 3.3: Advantages and disadvantages of a questionnaire

Advantages Disadvantages

* Low cost in time and money Problem of data quality (questionable accuracy)

* Easy to get information from many Typically low response rate unless sample is captive
people very quickly Problem of motivating respondents

* Respondents can complete the The need for brevity and relatively simple questions
questionnaire when it suits them Misunderstandings cannot be corrected

e  Analysis of answers to closed Seeks information only by asking questions
questions is straightforward Assumes respondents have answers available in an

e Less pressure for an immediate organised fashion
response * Lack of control over order and context of answering
¢ Respondents’ anonymity questions

e Lack of interviewer bias

e Standardisation of questions (but
true structured interviews)

e Can provide suggestive data for
testing a hypothesis.

Source: Adapted from Gillham (2008)

Question wording can influence the answers

Most people talk more easily than they write
Impossible to check how honest the answers are
Respondent uncertainty as to what happens to data.

Despite the disadvantages listed above, the survey is the most appropriate method for this
particular study to explore the broad perceptions of innovative manufacturing companies.
The survey method must be systematically designed and executed to explore specific
issues. Yates (2004) suggests that the researcher must consider: (i) measurement, (ii)
sampling, and (iii) questionnaire design and administration. Measurement is the

operationalisation of the concept being tested. In social research, the concept may be
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abstract, so the “fuzziness” of the concept must be clarified. This is less relevant here, as
the survey was not conducted to prove a hypothesis. However, the concept remains valid
because the wording of the self-filled questionnaire can be misleading, and may not present
accurate data (Bryman, 2008). The other key aspects under consideration - sampling and
questionnaire design and distribution - will be discussed in the following sections.

3.3.3.1 Sampling

Of the 4.6 million UK private sector businesses, some 274,000 are private manufacturing
companies (BIS, 2013). It is difficult, however, to identify from research which
manufacturing companies are innovative manufacturing companies, unless individual
companies are cross-referenced for their involvement in external collaboration or winning
awards The only viable choice for sampling the survey was therefore non-probability
sampling, on the understanding that population generalisation has its limitations (Henry,
1990) because of the unknown quantity of the population and the exploratory nature of the
study. However, in the non-probability sampling a purposive sampling technique was used
to enhance representativeness, with advice from academic experts in the manufacturing
field (Matthews and Ross, 2010). Furthermore, a triangulation of methods was used to
enhance the validity of the outcome (Denzin, 1978), and to gain deeper understanding of
the phenomenon (Bryman, 2008, Creswell, 2009). The samples selection follows the
criteria for innovative manufacturing companies as described in Section 2.5.4. The criteria
identified suggests that the company must demonstrate its continuing commitment to
innovation by either actively collaborating with external organisations to enhance their
innovativeness and/or demonstrate market success with new or improved products and/or

by winning recognised innovation-related awards.

3.3.3.2 Questionnaire design

A theoretical context was constructed for the survey, using the literature reviews and
exploratory interviews to produce meaningful data which demonstrate the innovative
manufacturing companies’ (i) characteristics including main markets and their strength, (ii)
perception of design and innovative manufacturing, and (iii) to identify the use of design in

innovative manufacturing.
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The first part of the questionnaire asked for information about the respondents - their job
title and role, and their company sector, size, business maturity (years in operation) - to
broadly identify the population of the survey respondents. The main part asked questions
which reflected the study objectives. The questionnaire was constructed using both closed
and open questions, considering the advantages and disadvantages of both question types
(Neuman, 2003, Bryman, 2008). The advantages of the closed question include easy and
quick for respondents to answer, answers are easy to code or statistically analyse, the
response choices can clarify the question, and irrelevant or confused responses are reduced.
However, there are disadvantages: respondents’ frustration if the choices do not include the
desired answer, suggesting ideas the respondent may not have considered, providing a
simplistic response to complex issues, and forcing respondents to make choices they would
not make in the real world. The advantages of open questions include that respondents can
answer in detail, unexpected (positive) findings can be discovered, revealing the
respondent’s logic, thinking process and frame of reference. Some disadvantages include
the difficulty of controlling the level of detail in answers for different questions and
respondents, statistical comparison can be difficult, answers can be open to interpretation,
and time-consuming. The questions for this study therefore include elements of both closed
and open question format, providing quick, easy to answer questions but with maximum
flexibility of answering and an “other’ selection for the respondents to create an answer if
their view is not among the available choices. Furthermore, comment sections are provided
at the end of the questionnaire to accommodate respondents’ thoughts and suggestions

about the research.

The questionnaire was designed to accommodate the possible samples, typically the senior
managers or employees who can provide an overview of the operations of a business and
information about the use of design within the company as whole. The survey had to be
brief and precise, as the respondents were likely to be pressed for time (Hickman and
Longman, 1994), so on-line questionnaire tools were used, to enable prospective
respondents to access and complete the questionnaire with minimum effort (Henn et al.,
2009), and to produce a better return (Mehta and Sivadas, 1995, Stanton, 1998) than when
using a paper questionnaire by post. The on-line questionnaire can also produce a series of

‘if’/*then’ logic questions without any extra effort from the respondents such as “if yes,

78



please go to question X or “if no, please turn to page X”, thereby further simplifying

completion of the questionnaire.

Prior to distribution, the survey was tested through several iterations with experienced
academics in both design management and manufacturing to ensure that the meaning of the
wordings could be correctly interpreted by prospective respondents, and that the overall
questionnaire structure is logical and easy to follow (Henn et al., 2009). The questionnaire
was also evaluated with the academics to ensure the questions are objective and non-
persuasive, and closely follows the aim and context of the study (Fowler, 2002). The
questionnaire was then pre-tested with two managing directors of UK innovative
manufacturing companies to provide suggestions for improvements which were included to
create the final questionnaire for wider distribution, as suggested by Bryman (2008), to

ensure that potential problems were eliminated (see Appendix B).

3.3.3.3 Distribution, collection and data analysis

The survey distribution was then conducted in three ways. Firstly, the researcher identified
all organisations in the EPSRC Centre for Innovative Manufacturing which collaborate
with UK universities, some 130 companies and organisations. These were then reduced to
68, by studying the project websites and reports of all the private manufacturing companies
operational in the UK which have direct involvement for innovation development. These
companies were then contacted individually by the researcher, first using the general
enquiry e-mail address or the top-level manager’s (e.g. Managing Director or CEO), if
available in the public domain, briefly explaining the research and attaching an on-line
questionnaire link. The second means of distribution was through the BRIEF project
partner at Lancaster University, with an extensive list of 267 external collaborative
companies involved currently or in the past in the ‘Product Development Unit’ projects, as
all these companies satisfy the criteria for ‘external collaboration’ to increase
innovativeness, in this case, particularly product innovation. Similarly, the third
distribution channel was through Brunel University London’s ‘Innovative Collaboration
Research Network’, through which 35 manufacturing companies were contacted. Although
three different distribution channels were used, the principle of sampling and contact

method and procedures were kept constant.
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A total of 370 requests were sent, 53 returned the questionnaire, of which five were
considered invalid (three incomplete questionnaires and two inappropriate companies i.e.
retail sector), resulting in the collection of 48 valid responses, indicating a 13% return rate
overall. It was relatively simple to analyse the questionnaire survey data to determine the
broad perspective of the innovative manufacturing companies. As the survey was
descriptive, a simple frequency distribution analysis method was used (Neuman, 2003) and

subsequent histograms of the results explain the distribution percentages.

3.3.4 Case study

This research employs the case study method to: (i) identify the link between the design
innovation spectrum and its practical implications and (ii) obtain a perspective on real-life
excellence in design innovation. Innovative manufacturing companies in the design and
innovation context were studied using the multiple-case design, to provide a
comprehensive insight into the implications of design innovation in UK manufacturing

companies.

Yin (2009) describes a case study as an empirical inquiry where an in-depth investigation
of a contemporary phenomenon is conducted in a real-life context. The ‘case’ may be an
organisation, a life, a family or a community (Bryman, 2008), and usually takes the form
of qualitative research (Creswell, 2009) without limiting the number of variables and
evidence sources. A case study is used when there is no clear evidence of a distinction
between the phenomenon which is of particular interest for this research: relating the
theory of the design innovation spectrum to examples of real-life development of design
innovation in UK innovative manufacturing companies. Stake lists three types of case
studies (Stake, 1995): intrinsic, instrumental, and collective. The intrinsic case study is
used when the phenomenon is in a unique situation and the inquirer wishes to investigate
the subject, consequently with limited transferability. The instrumental case study is
concerned with understanding a particular situation or phenomenon to obtain insights.
Finally, the third type is the collective case study which examines more than one case to
obtain collective understanding of the phenomenon. The current research uses a
combination of instrumental and collective case study, to understand the implications of

using design innovation with several innovative manufacturing companies.
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3.3.4.1 Sampling

Silverman (2010) argues that case studies, although within the confines of limited
integration, can be used to identify particular patterns of social organisation (in this study,
innovative manufacturing companies). There are two different case study design: single-
and multiple-case designs (Yin, 2009). The single-case is used when there is an extreme or
unique case or when it can be a representative case in given circumstances. It is also useful
in a longitudinal situation, to study a case at different points in time. The multiple-case
design, as the name suggests, uses more than one case. It is sometimes referred to in the
field of comparative study (Eckstein, 1975) because it can use multiple cases to examine a
phenomenon or situation. Multi-case design is therefore regarded as yielding more robust
outcomes (Herriott and Firestone, 1983, Yin, 2009). However, it can reduce the intensity of
the research, and the emphasis of the study can be easily shifted (Gerring, 2007).
Furthermore, depending on the number of enquiries, it can be time-intensive (Yin, 2009).

This study uses the multi-case design for its ability to explain the phenomenon in the
broader context of innovative manufacturing rather than concentrating on an intensive
single case study. In order to select innovative manufacturing companies, the criteria
identified in Section 2.5.4 were used, particularly with the innovation award-winning
companies, because it provides the definite result of using design innovation to win the
award. Four main awards were examined: two are design-oriented (DME Awards, dba
Design Effectiveness Awards), the other two are innovation-based (Queen’s Awards for
Enterprise-innovation, The Manufacturer MX Awards). The awards were chosen for their
rigorous judging criteria and recognisability among design and manufacturing
professionals and academics, after conducting numerous conversational interviews at
design and manufacturing conferences (among them, the DMI Design Management
research conference ‘Leading innovation by Design’, 2012, MACH 2012, DMI Network
night, 2013, The Design Council Summit ‘Leading Business by Design’, 2014, TSB High-
value manufacturing support event, 2014, Future of innovative manufacturing conference,
2014). Case studies suggested by The Design Council were also included because they
provide reliable information about companies which have achieved successful innovation

through using design. The award profiles can be found in the Table 3.4.
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Table 3.4: Profile of the awards

Effectiveness
Award

investment by using well-executed design
and/or design strategy with tangible and
measurable effect on the success of businesses.
It focuses on collaboration between external
design consultants. The award takes the view
that design provides financial value for the
companies and should therefore be seen as a
good investment.

Orientation Award Main focus Assessment

Design DME Award Management of design in both public and Five jury
private sector organisations. Focuses on members judge a
ongoing process, business decisions and poster submitted
strategies to enable innovation. The award by the applicant
recognises the design in a holistic manner organisations.
which can be applied in all levels of
organisations.

dba Design The main criteria for the award are return of Entry only by

client and
designer together
and judged by
business leaders.

Innovation and
manufacturing

Queen’s Award
for Enterprise-

Innovation in terms of invention, design or
production goods, performance of service,

Self-assessment
questionnaire

Innovation marketing and distribution, and after-sale with external
support of goods or service must be accountant’s
demonstrated with two years of outstanding certificate.
commercial success and five years of
continuous commercial success.

The Thirteen broad categories covering the breadth Maturity level

Manufacturer of the industry recognise outstanding questionnaire

MX Award performance. The innovation and design and supporting

category considers the development of
innovation in a company and how the culture of
innovation has generated successfully improved
products, service and process.

statement, half-
day visit to the
site, presentation
and Q&A.

Source: (dba, 2014, DME, 2014, GOV.UK, 2014, TMMX, 2014)

To ensure the validity of the case used in the study framework, the winners were selected if
they were: (i) manufacturing companies operating in the UK, (ii) showcased (usually on
the winner’s story section) by the awarding body, and (iii) have readily available secondary
information sources other than the company website. The second category was devised to
identify the rationale for winning the award and form an unbiased opinion on the
successful implementation of design innovation in the company. The third category was
also included to ensure objectivity of the data collected from the secondary source. As such,
the number of valid cases was reduced to five from the DME Award, eleven from dba
Design Effectiveness Award, twenty-one from the Queen’s Award for Enterprise, and
three from The Manufacturer MX Award. The Design Council’s designing demand
programme was also studied with same criteria, which included 6 manufacturing

companies. Some forty-six innovative manufacturing companies were thus selected for the
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case study: twenty-two which won design-oriented awards or featured in The Design
Council’s case study, and twenty-four which won innovation and manufacturing-oriented

awards.

3.3.4.2 Data collection

The case study uses secondary documents as the main source of information to construct a
broader picture of the use of design in UK innovative manufacturing companies. Another
advantage of using the documents is its stability, especially for published materials. They
can be important evidence in determining the perspectives of a certain event, sometimes
more accurately than the primary research data (Crawford, 1997) in a marketing research
context. Furthermore, the promotional materials, in contrast with the bias nature and lack
of representativeness of a whole industry (Bernard and Ryan, 2010), provide an accurate
picture of a company’s values and emphasis, providing documents to achieve the
‘objective’ of promoting the company. If these objectives are vicariously observed, the
documents can be correctly and critically interpreted, avoiding some of the disadvantages

shown in Table 3.5.

Table 3.5: Six source of evidence: strength and weaknesses

So_urce ol Strength Weakness
evidence
Documentation » Stable - can review repeatedly *  Retrievability - can be difficult to find
e Unobtrusive - not created as a » Biased selectivity, if collection is
result of the case study incomplete
* Exact - contains exact name, » Reporting bias - reflects (unknown)
references, and details of an event bias of author
*  Broad coverage - long span of e Access - may be deliberately withheld
time, many events, and many
settings
Archival records | *  As above and, * Asabove and,
* Precise and usually quantitative »  Accessibility due to privacy reasons
Interviews * Targeted - focuses directly on * Bias due to poorly articulated
research topic questions
* Insightful - provides perceived * Response bias
causal inferences and explanations | *  Inaccuracies due to poor recall
* Reflexivity - interviewee gives what
interviewer wants to hear
Direct * Reality - covers events in real time | «  Time-consuming
observations »  Contextual-covers context of *  Selectivity - broad coverage difficult
“case” without a team of observers
* Reflexivity - event may proceed
differently because it is being
observed
e Cost - hours needed by human
observers.
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Participant * Asabove and, * Asabove and,

observation * Insightful into interpersonal * Bias due to participant-observer’s
behaviour and motives manipulation of events

Physical * Insightful into cultural features *  Selectivity

artefacts * Insightful into technical e Availability.
operations.

Source: (Yin, 2009: 102)

The case study data were collected with an explicit data collection plan (Yin, 2009)
because the documents can be collected from a variety of sources. The samples (innovative
manufacturing companies) identified in the previous section are studied for their history,
culture, processes (both innovative and business management), philosophy of the top-level
manager (CEO, managing directors etc.), and success stories of design innovation
(problem-solving) in order to understand and predict the use of areas of the design
innovation spectrum. The categories of information include:

*  basic company information (name, established year, award winning year, sector)

e description of the company

e problems faced with the company (if known)

e process of addressing the problem

* input from the company

e product/service innovation achieved

e process innovation achieved

e organisational innovation achieved

» financial/business benefits

e comment from the researcher.

3.3.4.3 Data analysis

The explicit data collection yielded systematic categorisation of the data from various
sources. In order to comprehend the data meaningfully and within the confines of the
context of the study (i.e. design innovation spectrum and generalised innovative
manufacturing problems), an ethnographic content analysis was used (Altheide, 1987). It is
a highly interactive way of analysing data from various sources including news articles,
book, magazines, newspapers, and searching for context, underlying meanings, patterns,
and processes (Altheide, 1996).
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In this study, additional sources such as a case study of the winner from the awarding body,
interviews or talks, and company websites provided further data. With the categories
derived from the previous section, the data were analysed (see Appendix C) and some

examples are shown in Table 3.6.

From the analysis each case was categorised in the areas of the spectrum created earlier in
the research process. In the examples of the cases in Table 3.6, Gripple can be categorised
as showing the presence of ‘design strategy for process innovation’, as they have solved
the problem by streamlining and strengthening focus in NPD process, and ‘corporate-level
design thinking for organisational innovation’ as they have introduced a new creative
reward scheme to promote employee involvement in innovation, and structuring the
company to create an environment which promotes collaboration. The challenge set forth
by the Design Associate from The Design Council is met by a combination of using the
two areas of the design innovation spectrum. The purpose of the case study is how it
relates to the design innovation spectrum in real-life companies where it can enrich the
understanding of each area. It has also created additional characteristics of each of the
areas used to describe the spectrum in more depth. Furthermore, the case study has created
a pattern of general problems for innovative manufacturing companies. These are used to
create a set of scenarios for the implementation of the design innovation framework with
the recommendation (Chapter 7) to provide cases which the innovative manufacturing
companies can closely relate to, in order to implement the framework more effectively.

3.3.5 In-depth interviews

The research aims to provide a comprehensive overview of design innovation in UK
innovative manufacturing companies, in the form of the design innovation framework,
exploring the actions and effects of design innovation on businesses in further improving
innovativeness, moving towards the Total design innovation. To achieve this it is necessary
to identify design innovation characteristics for innovative manufacturing. The research
context is very complex, requiring an in-depth study of the topic and its surrounding
context. The interview is thus a powerful and appropriate method of information gathering,
and a way to convert the implicit knowledge of the people being studied into an explicit

expression of their understanding of phenomena (Arksey and Knight, 1999). A semi-
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structured interview approach is used to ensure flexibility when conducting the interview,
whilst obtaining an in-depth understanding of the interviewee’s perception and
understanding of the phenomenon (Berg and Lune, 2012). In addition, the expert (also
known as, elite) interview principles are adopted whilst purposively selecting the samples
because the depth of knowledge and experiences are imperative in constructing a valid
design innovation framework. The broad strengths and weaknesses of the interview are
shown in Table 3.5 (Section 3.3.4.2). Berg and Lune (2012) list three types of interview:
standardized, semi-standardized and unstandardized, depending on its formality (Table 3.7)
- also known as structured, semi-structured and unstructured (Yates, 2004, Bryman, 2008).

Table 3.7: Interview structure continuum of formality

Standardized Interviews Semistandardized Interviews Unstandardized Interviews

e Most formally structured e More or less structured e Completely unstructured

* No deviation from question | ¢  Questions may be reordered e No set order to any
order during the interview guestions

*  Wording of each question *  Wording of questions e No set wording to any
asked exactly as written flexible. questions

* No adjusting of level of * Level of language may be * Level of language may be
language adjusted adjusted

* No clarification or * Interviewer may answer * Interviewer may answer
answering of questions questions and make questions and make
about the interview clarifications clarifications

* No additional questions may | * Interviewer may add or delete | « Interviewer may add or
be added probes to interview between delete questions between

e  Similar in format to a subsequent subjects. interviews.
pencil-and-paper survey.

Source: (Berg and Lune, 2012:109)

Bryman (2008) notes that the formality of the structured interview is ideal for quantitative
research where the comparison between the responses are easy to identify and quantify.
Conversely, the unstructured interview — usually used in qualitative research - can provide
detailed in-depth insights into the issue or topic. The semi-structured interview lies in the
middle, with greater flexibility where the interviewer prepares an interview guide
containing topics to be explored but not necessarily following the order, and using a mix of

closed and open question techniques (see Section 3.3.3.2.)
An “expert” here is an interviewee with special knowledge of a social phenomenon, who

holds an expert role in the social setting under investigation (Glaser and Laudel, 2009). It

is also closely linked to the “elite’ interview, characterised by Dexter as (Dexter, 1970):
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* The interviewee is known to have participated in a certain situation
 the researcher reviews necessary information to arrive at a provisional analysis
* the interview guide is based on this analysis

¢ the result of the interview is the interviewee’s definition of the situation.

These characteristics are closely linked with the focused interview, another type of
interview described by Gray (2009), which relies heavily on a particular situation and prior
knowledge of that situation by the interviewer to explore the interviewee’s subjective
knowledge or experiences of that situation. Although the interviews broadly follow the
semi-structured format, the situational awareness of any design innovation-related
successes publicised by the company or other media can be a powerful catalyst in
elaborating design innovation actions and their effects (Weiss, 1994). Since careful
preparation is vital when conducting an expert (elite) interview (Mikecz, 2012), the
particular situation is studied beforehand, in conjunction with the background of the
interviewee and the company profile. The expert interviews are conducted face-to-face, to
build rapport and observe the interviewee’s nuances, and to gain deeper understanding
(YYates, 2004, Bryman, 2008) and clarify any misinterpretation of the questions (Berg and
Lune, 2012). Each interview was conducted in an environment familiar to the interviewee,
to provide a comfortable setting for the respondent, and lasted between 45 to 120 minutes.
The variation in interview times meant the shorter interviews had to be rigorously managed
to cover all the key topics, whereas the longer interviews provided greater freedom for the
interviewee to discuss in greater depth the topics they are passionate about. To allow better
engagement with the interviewee, note-taking was kept to minimum, and an audio-
recording was made, which eliminates limitation of memory and enables a more thorough

analysis of the interviews (Bryman, 2008).

All expert interviews consist of parts which are used to evaluate certain concepts created
by this research: (i) the utilisation and role of design in innovative manufacturing
companies with manufacturing experts, (ii) the design innovation spectrum’s
comprehensiveness and feasibility with design innovation experts, and (iii) the
comprehensiveness, acceptability and potential usefulness of the design innovation

framework and it implementation process with both manufacturing and design experts.
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Evaluation of the research included careful data collection and rigorous analysis through
systematic and empirical examination of its effectiveness (Patton, 1990). As the research is
qualitative in nature, it is not possible to statistically validate the research outcome, so a
qualitative evaluation is used throughout the research process to enhance the validity of the
theories generated by the research (i.e. design innovation spectrum, and design innovation
characteristics and subsequent framework and process of implementation). The
effectiveness of the concept in the context of its desired surroundings (i.e. manufacturing
companies and design innovation consultancies) was not possible because of research time
constraints, making expert evaluation vital to ensure that the validity of the theory is

acceptable in the context which the research proposes.

3.3.5.1 Manufacturing expert interviews

The manufacturing experts comprised two distinct groups (denotation of ‘ME’ will be used
to describe manufacturing experts throughout): the group of top-level managers (n=6) and
the Senior or Middle managers (n=5). The two distinct groups provide diverse perspectives
of the topics, as explained earlier, because the level of understanding of the company
dynamic differs according to their position in the company. Furthermore, as triangulation
of data, to increase reliability of the findings. The top-level managers were selected to
obtain the perspectives of people who create vision for the company and make strategic
decisions to realise that vision, to explore in the interview their overview of the company’s
perception of design and innovation. The senior/middle managers were selected from areas
of management, marketing and sales, employees who are closely related to the customers
and can provide lateral understanding of the customers and the company’s products and
production processes. A design group was deliberately omitted from this set of interviews
as the design professionals’ opinions were studied separately later in the research.

The in-depth interviews with manufacturing industry experts had two parts. The first part
was a discussion of current utilisation of design in innovative manufacturing companies,
which forms triangulation of method for exploratory phase. In the second part, the role of
design and innovation in innovative manufacturing companies was discussed in greater
depth, in order to construct a comprehensive array of design innovation actions and their

effects in innovative manufacturing companies. The outcome of the second part is then
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used to construct the design innovation characteristics and subsequent design innovation
framework (beta-version), to be evaluated at a later stage of the research. Although these
parts are divided to provide the researcher with a focus of the objectives, some of the
topics are interrelated, so some responses were used interchangeably. The interview topics
included:

* General information about the company (main market, current competitive strength)

* The meaning and value to the UK and to the company of innovative manufacturing

* Innovative activities within the company

e The function of design for the company

* Examples of ‘good’ design which increased company performance

* The consideration of design as a strategic tool for business

* Design innovation characteristics: its actions and effects in innovative

manufacturing companies.

Additional questions were asked, drawing on the research conducted before the interview,
about any situation where the researcher might draw out further opinions, particularly on
the interviewee’s perception of design. It was anticipated that the view of design is limited
even in innovative manufacturing companies, but the researcher took care not to
compromise objectivity and not to persuade the interviewee to give an answer. Appendix D
shows the interview questions where the interviews opened with an “ice-breaker”
explaining the research, using the ‘contextual model of innovative manufacturing’

produced as a result of the exploratory interviews and subsequent peer evaluation.

3.3.5.2 Design innovation expert interviews

The design innovation expert interview format closely followed that of the manufacturing
expert interviews (denotation of ‘DE’ will be used to describe design innovation experts
throughout this thesis). However, for design innovation experts the first part evaluated the
initial design innovation spectrum created through the literature review for its
comprehensiveness and acceptability to design professionals. They were asked to comment
on any improvements which could contribute to create a final version of the design
innovation spectrum which would provide a more acceptable overview of design

innovation in the business context. A graphic representation of the design innovation

90



spectrum was prepared for this part of the interview. In the second part, as with to the
manufacturing experts, the interviewees were asked to elaborate on design innovation
actions and effects in the innovative manufacturing context, with examples of successful

executions. Appendix E shows the interview questions. The main topics explored were:

An interviewee-specific ice-breaker about their work: consulting or being involved

in interesting projects

The design innovation spectrum:
0 comprehensiveness to promoting the value of all areas of design to
innovative manufacturing companies
o feasibility of including design thinking (corporate-level)
0 increasing design capabilities in designing, design strategy and corporate-
level design thinking
0 areas of design improvement for innovative manufacturing companies
* The relationship between design and innovation
* Influences of design for innovation in innovative manufacturing companies
* Design innovation characteristics: its actions and effects in innovative

manufacturing companies.

The design innovation experts were divided into three groups. The first group comprised
the design professionals (n=5): design innovation consultants with experience of helping
UK innovative manufacturing companies improve their innovativeness through design in
extensive areas of design innovation, as specified in the design innovation spectrum. The
second group comprised experts from a design support NGO (n=3), whose focus is
promoting the value of design, running programmes (partly government funded) which
support UK manufacturing companies to utilise design more comprehensively. The third
and final group comprised interviewees from a government body (n=3) responsible for
supporting innovation in the UK mainly for manufacturing companies, helping them
successfully commercialise collaborative R&D efforts, usually between universities and
companies. The three groups were chosen to represent the design innovation experts,
because the literature review and exploratory interviews revealed that these are the areas
most likely to influence the development/improvement of design innovation in innovative

manufacturing companies.
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3.3.5.3 Evaluation interviews

A test (beta) version was developed of the design innovation framework and its
prospective implementation process, by identifying the design innovation characteristics
derived from the interviews with manufacturing and design innovation experts. The
evaluation by the expert interviews was effectively a qualitative enquiry, intended to
identify the effectiveness of the phenomenon under study (Patton, 1990). The experts in
this study comprised potential users in innovative manufacturing companies and in design
innovation consultancies who were able to provide a practical assessment of the framework
(denotation of “EE’ will be used to describe evaluation experts throughout this thesis). The
interview questions are provided in the Appendix F. The evaluation experts comprised top-
level managers (n=4), design managers (senior or middle managers) of innovative
manufacturing companies (n=3), and top-level managers of design innovation
consultancies (n=3). Among the evaluation experts, two design innovation experts were
invited back, asked the same questions as other evaluation experts, with an additional
question about whether their views were correctly captured in the framework. The two
experts were chosen because they were among the interviewees who articulated their
thoughts more effectively, providing opinions which proved essential to building the

framework.

The thirteen-page design innovation framework booklet (see Appendix G) covers the
details and implementation scenarios of the framework; a further twelve pages of
supporting details, much like an appendix, was prepared before the interview. The
electronic version (pdf) of the booklet was sent to the interviewees prior to the interview to
save time during the interview. The printed version of the framework booklet was used
during the interview, going through the booklet and allowing the interviewees to think
aloud, while asking questions about:
* The acceptability and potential usefulness of the framework (overview) and its
elements and relationships between the elements
* The comprehensiveness of the design innovation characteristics
* Feasibility and ease of understanding of design innovation characteristic influences
on the benefits of design innovation

* The usability of the generic design innovation implementation process
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* The acceptability of the scenarios presented
* The potential usefulness of the process and framework overall

* The overall presentation and suggestions for improvements.

3.3.5.4 Sampling

In qualitative research, non-probability sampling is the most popular way of selecting the
sample because it focuses less on the population representation, more on a deeper
understanding of cases, events, or actions (Neuman, 2003). The different types of non-
probability sampling depend on how they are selected. Berg and Lune (2012) list three
major types: convenience, purposive, and snowball sampling. Convenience sampling is
when selection of samples occurs by chance, a type of sampling which is seldom
appropriate for qualitative research. It is relatively less time-consuming compared to other
types of sampling, but often requires careful data interpretation, as it can be irrelevant to
the objectives of the study (Bryman, 2008). Purposive sampling is often used in
exploratory research where the researcher uses his or her judgement to select the most
appropriate samples providing insight in the research context (Neuman, 2003). Snowball
sampling uses small initial samples to find other people with similar attributes. It is similar
to convenience sampling in that it collects data based on chance, so it also requires careful

analysis to collect satisfactory data which provides in-depth explanation of a phenomenon.

Purposive sampling was used for the expert interviews in order to explore the research
question in depth (Bryman, 2008, Matthews and Ross, 2010, Silverman, 2010). It is a
particularly appropriate sampling method for an expert interview because the experts are
selected with criteria set by the researcher to provide in-depth knowledge (Gléser and
Laudel, 2009). The initial list of potential interviewees was generated using various
methods (Neuman, 2003) including design and manufacturing conferences/tradeshows,
researcher’s academic and professional networks, and websites of relevant organisations,
e.g. The Design Council, and several design and innovation awards (including the DME
Awards and the Queen’s Awards etc.,). Lists of potential interviewees were then generated
and further studied to select those most appropriate for the research objectives. In order to
minimise researcher bias (Silverman, 2010), the interviewee selection was reviewed by

academics and peer researchers from design management and manufacturing/engineering.
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The manufacturing experts were required to demonstrate certain attributes which would

provide the in-depth knowledge this research requires. So as part of the purposive sampling

process, the interviewee criteria of manufacturing experts were created using literature

reviews and exploratory interviews. The experts should:

* Manage or work for an innovative manufacturing company in the UK (see criteria

for innovative manufacturing in Section 2.5.4) with at least ten years’ experience in

the industry

* Understand the overall operations of the company’s business and be interested in

manufacturing development in the UK

* Have an active interest in personal and/or organisational improvements in order to

gain competitiveness

* Beinvolved in developing new or improved products/services/processes and/or

organisational changes in order to improve the company’s innovativeness.

A list of possible interviewees was screened, using the interviewee criteria. The selected

interviewees are shown in the Table 3.8 with a brief interviewee profile and their expertise.

Table 3.8: Manufacturing expert profile

Organisation Experi-
Interviewee | Title (manufacturing | Profile/Expertise ence in
sector) industry
ME1 Managing Computer Aided | Extensive experience in business and 27 years
Director Design and corporate strategy in engineering software
Manufacture marketing, optimisation of manufacturing
system and processes.
ME2 Managing Anti-ligature Entrepreneurial mindset with experience in | 20 years
Director locks manufacturing products for health and the
medical sector.
ME3 Managing Theatrical and Strategy for product and process 26 years
Director stage equipment | innovation which made the company a
primary source of products in its sector.
ME4 Managing Small-batch Holistic approach of engineering design in | 10 years
Director product the manufacturing process in on-demand
manufacturing based consulting and manufacturing.
MES5 Partner Filters for oil New technology adaptation to extend the 29 years
and energy product range and optimise the process.
Bespoke filters with a heavy emphasis on
quality.
ME6 Director Prototype and Rapid prototyping using various 22 years
small-batch technologies for fast turnaround, high
products quality and customer satisfaction.

Extensive experience in customer service.
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ME7 Technical Tube fabrication | Involvement with engineering and design 15 years
Manager for the departments to understand the holistic
automotive, overview of the strength of the company
aviation and and its products.
marine industry
MES8 Division Aero and Manufacturing process and product 21 years
Manager automotive applications. Worked with one company
engine parts for his entire career- insight into company
operations from an employee perspective.
ME9 European Milling, turning, | Extensive dealings with manufacturing 19 years
Marketing 5-axis, CNC companies. Communication both with
Manager machines customer and project partners/ suppliers.
ME10 Commercial | Digital readout Mechanical engineering background with 15 years
Metrology systems PgDip. in business administration
Manager providing technical understanding that
transfers to identifying new business
opportunities.
ME11 General Plastic injection | Exploring new market opportunities and 10 years
Manager moulding product servicing. Frequent interaction
products with customers to understand their
requirements.

Note: the top-level manger group comprises ME1 to MES6, and senior/middle manager group
comprises ME7 to ME11

As with the manufacturing experts, the design innovation experts were selected using
criteria developed through the literature review, including:

* Managing or working for more than ten years for a consultancy or organisation
which provides service to help further improve innovativeness through design for
innovative manufacturing companies

» Experience of working or collaborating with top-level managers of innovative
manufacturing companies

* A comprehensive view of the value of design, both in the activity and in the
advancement of business as whole (corporate-level design thinking)

* Understanding the relationship between design and innovation.

The criteria can occasionally be difficult to gauge without any pre-selection engagement,
so unless the potential interviewees are known to satisfy the criteria through professional
engagement by the researcher, the supervisor, or internet information, unstructured pre-
selection interviews were conducted to determine the interviewee’s suitability. The final

interviewees selected are listed in Table 3.9.
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Table 3.9: Design innovation expert profile

Interviewee

Title

Organisation

Profile/Expertise

Experi-
ence in
industry

DE1

Creative
Director

DE2

Director

DE3

Principal

DE4

Director

DE5

Associate
Director

Design
Innovation
Consultancy

Extensive experience of leading multi-
disciplinary teams with projects for clients
ranging from multinationals to small
technology start-ups, helping them apply a
human-centred approach to identify and
solve product and business problems with
a multitude of outcomes, including
concept generation, prototype,
product/service design, opportunity
finding, better NPD process, creating
innovation cultures, etc., affecting all
levels of businesses.

15 years

Founding partner of an industrial design
and product development consultancy
which has won numerous awards over the
years, demonstrating the effective
application of design in commercial
success. Also a director of a leading UK
design association, and extensive
experience of lecturing in various
universities on design in business.

34 years

Specialising in innovation strategy and
management with a background as a
product designer and management
consultant at a global firm. Currently a
design strategist and innovation advisor
with experience in cultivating innovation
for multinationals and SMEs and NGOs.
Original developer of a globally-used
design toolkit for increasing
innovativeness in business through design.

29 years

Trained as a furniture designer but with
extensive experience in the creative and
commercial application of design
innovation in brand, product and service
development with B2B and B2C
companies. Strong advocate of the value of
design in making the client succeed in the
market.

35 years

Cultivating ideas into feasible products
focused on commercial success for both
clients and users. Experience in holistic
application of design thinking in all levels
of business, and in creating spinout
companies from in-house projects.

22 years

DE6

Design
Advisor

Design
Promotion and
Support NGO

Business advice, working with UK
businesses to provide client-focused
creative business advice and coaching.
Also provides design advice on brand
identity, product design, user-centred
design IP rights, market and
communication strategies.

32 years
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DE7 Head of Experienced in managing the pool of 15 years
Design, design advisors in the NGO, through
Leadership which he has critical insight on how design
is perceived and how to convince
companies of the value of design when
used in all levels of business.
DES8 Design Product design background with an 30 years
Advisor/ interest in human-centred design
Design techniques to help businesses innovate
Innovation through applying practical and effective
Consultant design strategy and design thinking to
ensure business growth. Original
developer of the design framework used by
design advisors in the NGO.
DE9 Lead Governmental Specialises in helping high-value 35 years
Technologist | Innovation manufacturing researches become
Support commercialised with his extensive
Organisation experience in product development and
component design in the automotive and
aerospace industry. Interested in broader
perceptions of design.
DE10 Head of Design advocate in a technology- and 11 years
Development research-focused organisation where he
Innovation initiated a programme for the use of design
as a tool to enhance commercial success
for UK innovative manufacturing
companies.
DE11 Design Design director for a design consultancy 34 years
Mentor/ with twenty years’ experience. Then
Director became MD and Creative director for an

innovative manufacturing company
specialising in technically advanced audio
products.

As mentioned in the previous section, the evaluation experts comprised prospective users

of the design innovation framework and its process of implementation. They are

experienced in the practical delivery of innovation improvement in one or more areas of

design innovation in the design innovation spectrum (Table 3.10). The criteria for these

interviewees were:

Has managed or worked for a company/consultancy with experience of improving
the innovativeness of the company

For manufacturing companies, it must be within the criteria of innovative
manufacturing Section 2.5.4

Understands the overall operations of the manufacturing business and has an
interest in process or management improvements

Identifies the impact (value) of design and/or innovation in all levels of businesses.
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Two of the most active design innovation experts (interviewees DE3 and DE11) in the

earlier interview were re-selected to be involved in the evaluation process, and were asked

for their opinion whether the framework encapsulate the interview conducted previously to

identify any errors in data analysis.

Table 3.10: Evaluation expert profile

Organisation

Experience

science with a mechanical & design
engineering background. Responsible
for managing a team of designers
(engineers) developing new products
with direct engagement with
customers and top-level
managements.

Interviewee | Title (manufacturing | Profile/Expertise —y
in industry
sector)
EE1 Director Manufacture of PhD in Chemistry, now managing the | 17 years
plastic products family business. Particular interest in
process and organisational innovation
and has developed the company to
become a world leader in its sector.
EE2 Vice President | Medical devices | Responsible for all the manufacturing | 39 years
of European sites in Europe of a global
Manufacturing manufacturing company. Engineering
background with extensive
experience in manufacturing process
inc. Lean, Six sigma and TQM.
EE3 MD Lighting PhD in electric lighting systems, with | 20 years
an architecture and engineering
background. Particular focus on
quality reliability and flexibility in
manufacturing lightings for B2B and
B2C customers
EE4 Director Electrical Same as DE11. 34 years
equipment
EE5 Engineering Material Head of the innovative product 35 years
operations handling development unit of a global
leader- manufacturing company. Extensive
innovation experience in dealing with multiple
demands from different departments
and successful internal and external
collaborations to create efficient
solutions for customers.
EE6 Engineering & | Aerospace Mechanical engineering background | 15 years
Design with extensive experience in design
Business unit engineering and an interest in process
manager innovation for manufacturing
systems, applying design thinking
holistically to lead in several special
projects.
EE7 Design and Manufacturing Special interest in knowledge 11 years
development fabrication management for manufacturing
manager systems. A PhD in environmental
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EE8 Design Strategic design | Expert in design management 28 years
director innovation converting ideas into profitable
propositions by using design
holistically in all levels of a
company, from NPD to strategic
management of a manufacturing
company. Extensive experience in
advising companies through both
NGO and governmental industry
support schemes.

EE9 Partner Business Interior design background, with 40 years
consultancy extensive experience of advising
(design companies to enhance innovativeness
innovation) through holistic design thinking.

Business mentor for start-up
businesses in government funded
scheme and NGOs.

EE10 Principle Design Same as DE3. 29 years
innovation
consultancy

3.3.5.5 Data analysis

The in-depth expert interviews produced rich raw data with recordings of over thirty-six
hours of audio conversations, which were transcribed and analysed to provide meaningful
data, to fulfil the research objectives. A system of coding methods was used: ‘open coding’
was followed by ‘axial coding’, and finally ‘selective coding’, to identify the design
innovation action, effect and benefits which form the design innovation characteristics, and
eventually the design innovation framework. For the final evaluation interviews, content

analysis was used to validate the concept and identify final improvements to be made.

Qualitative analysis is a process of systematic interpretation of data gathered from the
qualitative research in order to identify meaningful patterns, themes and concepts (Henry,
1990, Yates, 2004, Gray, 2009, Silverman, 2010, Berg and Lune, 2012). It is generally
more prone to researcher subjectivity (Gray, 2009), and lacks well-established and widely
accepted rules (Bryman, 2008, Berg and Lune, 2012, Saldafia, 2013) compared with
quantitative analysis. However, qualitative data analysis can create concepts and theories
from complex phenomena such as that in this research, without being confined by the laws
of statistics (Neuman, 2003). To address the issue of qualitative analysis, and produce
sound theory from the data, a systematic approach of interpreting data, coding, was used
for this research. The approach suggested by Neuman (2003) and Corbin and Strauss

(2008), which consists of open coding, axial coding and selective coding, was used to

99



analyse the expert interviews. Coding was done manually, as suggested by Saldafia (2013),
because the researcher also felt it provided more control and increased ownership of the
work. As explained earlier, the interviews with design and manufacturing experts had two
parts: evaluation, and design innovation in innovative manufacturing. However, it was
apparent in most cases during evaluation that the interviewee described many aspects
which can be used to understand design innovation in innovative manufacturing. In the
coding process the two parts were combined unless the comment was specific to evaluating

subjects (i.e. the design innovation spectrum) which are noted separately.

Firstly, open coding was used to capture an idea, process or theme from the interview
transcripts (Neuman, 2003). It is also called eclectic coding (Saldafia, 2013), encapsulating
the data without too much researcher intervention or interpretation. The initial codes
(preliminary codes) were analysed again to create the final codes and the researcher’s note,
taken either during interview or while coding, is added to provide some context to the
codes (Table 3.11). The axial coding followed the open coding to identify the relationship
between the codes, paying particular attention to the causes and consequences where the
initial categories are generated (Neuman, 2003). Both preliminary and final codes were
considered during the axial coding process with great attention to capture ideas, causes and
consequences where causes are regarded as the action of design innovation and
consequences are the effect the actions have on innovative manufacturing companies.
Some comments were negative e.g. from Table 3.11, cause: “not considering people”,
consequences: “falling revenue.” Within the boundaries of not changing the meaning, these
were converted to a positive statement, i.e. cause: “consider people”, consequences:
“increased revenue.” Thirty-five major themes (design innovation characteristics) were
identified by the axial coding process (Figure 3.3). The final stage of the coding process
used selective coding to clarify certain relationships and create an overall analysis by
scanning data and previous codes (Neuman, 2003) to form the grounded theory (Gray,
2009). At this point, the characteristics were reviewed and reduced to twenty, and the
major concepts were generated: the six benefits of design innovation. Stories were created
to encapsulate the major themes identified (Corbin and Strauss, 2008) and used to describe
each characteristic. The literatures were then used to further explain the relationships

identified during the selective coding process which reinforces the theory (Chapter 6).
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Table 3.11: An example of open coding

Original Comments of DE1

Researcher’s

from 9:00 to 10.45 Preliminary Coding Final Codes note
...anything we do to develop Product/service are

products and services in companies | about person

is about the person, and often key

people are missed out and that’s why | Not considering people

products or services don’t either Falling revenue User

generate enough revenue for a
company or aren’t as appreciated by
consumers. So out take is to brand it
human centred design in every level.
And a lot people see human centred
designer, kind of research, and
insight that you have to do research
with humans and it’s not, it’s about
understanding company and who the
stakeholders are, and they are all
human, so how do you map out and
make sure that you are bringing the
right people together. How do you
make sure that the production line
who are making your products know
why certain elements are critical to
the execution of a product because
you brought them on board a
journey so it’s about engaging with
people. And it does come back to
research, in terms of user research of
how is the product, how could you
look at space where there is a need
or how people are doing things
wrong. So going back to your
question of design thinking, yes it
does. | think it’s just another. | don’t
know in terms of how people like
the IDEO have approach it if they
are selling it as a tool. But I think it
does encompass everything from
understanding why you are doing
something to how it is then executed
internally and externally. How you
get your whole team onboard that
this is because if you have buy in
internally that’s probably more than
50% because if they are all
passionate about doing something
then they are going to make sure that
the execution is perfect to the
market.

Company not
appreciated
Human-centred design
in every level
Perception of Human-
centred design is
research with humans
Understand company
and the stakeholder

Mapping the stakeholder
Bringing people
(stakeholders) together
Communicating the
purpose of design with
other departments

Engaging, collaborating
with internal/external
people

Looking for market
niche/need
User opportunity/need

Design thinking covers
everything

Reason for action
Internal and external
process

Internal collaboration

Internal buy-in

Staff engagement
Staff ownership
Quality improvement

understanding

People-centred at
all levels

Understanding
stakeholders

Internal/external
Collaboration

Communication

Market demand/
need

User demand/
needs

Reason (value)
promotion

Staff ownership/
engagement

Quality

Human-centred
design is the
main motto of
the consultancy,
therefore it can
be replaced by
‘design’ in broad
term

Attributes of
design
communicated
to internal staff
as well as the
customers

Design used to
look for market
demand/need
through human-
centred research

Design thinking
described here
as philosophy of
design principles
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Design Innovation

Design Innovation

Description

Spectrum Qualities or Charateristics
Product Functionality the products/services have appropriate functions which are desirable to the customers.
g % Reliability the products/services are known for their reliability which exceeds user expectation.
g E Detail design for manufacturing | the design of products include details which are optimised for production/assembly.
@

Designing
(Product/Production/Communication/Service)

Corporate-level Design Thinking
(Managing Company)

Problem identification
User research (needs)
Branding (external)
Visual communication

Customisation (Flexibility)

Open company culture
Relationships with clients (trust)
Risk evaluation

Business model creationftesting
Internal communication (vision)

Work environment

the company regularly searches for problems with both their ewn and their competitors' productsi/services.
user research is integral to understanding the needs of both existing and potential new users.

the company and products / services have high brand presence in their sector and the market.

the company engages external communications with clear easy-to-understand materials.

the company has flexibility to enable customisation of its products/services.

Aesthetics the products have perceived high quality aesthetics which are distinctive in the market.
Usability the products/services are easy and intuitive to operate with a clear interface.
g Fit for user needs the products/services fully meet the users' needs (specifications) without regular after-launch adjustments.
E’ ';53 Fit for market demand the products/services have a distinctive presence in a growing market
'SE Customer engagement in NPD the company actively seeks and uses customer feedback in the NPD process.
:g Short lead time the company has a shorter lead time for its products/services than the competition.
Feasibility testing (prototyping) the company carries out early feasibility testing to minimise production and market failure.
Automation a high level of automation is practised in production / quality management processes.
_ Consistent quality (QM) quality management is practised to produce consistent quality products / services
gg Process optimisation (lean) regular evaluations are conducted to optimise process to reduce wasting resources (time/material).
g % Market opportunity identification | the company regularly and successfully identifies new market opportunities.
g g Teamwork the employees across the company have a sense of being in one team.
Sales channel evaluation the company has established and reliable sales channels with good exposure to the users.
Performance evaluation financial and technical performances are regularly analysed for further optimisation.
Regular product launch the company regularly launches new/radically improved products/services
Cross-department collaboration | all departments are involved throughout the NPD process with regular open discussions.
External collaboration the company collaborates actively with external experts and companies to create synergy.
Encouraging idea generation the company has a culture of ideas-generation and sharing across all levels of business.
T Knowledge capture (KM) the company has a system of managing knowledge gained from experience (tacit knowledge)
é % Top-level management support the top-level management champions the importance of design innovation.
Z'E;‘ £ Investment (people, tool, R&D) | the company regularly invests in people, machinery and R&D to increase innovativeness.

the company is less hierarchical and more flat structured, acknowledging employees' strengths.

the company has engagement across manufacturing value chain and trusting relationships with suppliersiclients.

risks are identified, manitored, and regularly reviewed.
clear business model with regular evaluation to compensate the rapidly changing market.
the company has clear vision and strategy which is communicated effectively across the company.

the company has a physical work environment which encourages employees to collaborate and share ideas.

Figure 3.3: Initial design innovation characteristics identified after axial coding process

The evaluation of the design innovation framework was analysed using the technique of
content analysis because it can be used to test the theory (Gray, 2009, Berg and Lune, 2012)
and because the aim of the evaluation was not to create a new theory but to analyse the
theory already created (i.e. the design innovation framework) and to improve the initial

framework so that the final framework can be created. Berg and Lune (2012) explain that
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in order to analyse data objectively the “criteria of selection” must be established prior to
analysing the data. The key discussion topics were thus adopted as the selection criteria for
the content analysis process, which includes feasibility, acceptability, usability and
improvements. The data then were used as a guide to make final improvements and to

concept-prove the theory generated from the research.

3.3.6 Reliability and validity

This research considered the reliability and validity throughout the research. To increase
reliability, methods and data triangulation were employed, and to increase internal validity
rigorous self-assessment and evaluations were used throughout the research, from the
academic reviews and conference presentations. External validity was paramount for the
research, because the research seeks to provide recommendation for practical application
for innovative manufacturing companies. Therefore, evaluation research was conducted by

testing the theory for its practical implications as a major part of the research.

Triangulation of methods and data was used in the exploratory phase of the research where
it used a questionnaire survey and in-depth interviews to understand the perception and the
role of design in innovative manufacturing companies. As already mentioned in Section
3.3.3.1, methods triangulation also provides increased validity (external) by addressing the
limitations of the questionnaire survey. In order to increase validity in the exploratory
phase of the research, a series of meetings took place with academics in design and
manufacturing from Brunel University London and Lancaster University. Before
distribution, the questionnaire survey was evaluated and revised several times, with the
academics and the in-depth interview topics were revised to ensure necessary information
could be collected. The meetings also provided an opportunity to increase the validity of
the analysed data and subsequent models (the contextual model of innovative
manufacturing). Presenting the research at the international design management conference,
the DMI Design Management Research Conference ‘Leading Innovation Through Design’
(Boston, August 2012), also increased the validity of the research.

In the development phase, methods triangulation was achieved by using in-depth

interviews and case studies to construct the design innovation spectrum to increase the

103



reliability of the data. At this stage, evaluation of the design innovation spectrum (i.e. in-
depth interviews) was used both as part of triangulation and also to enhance the external
validity of the theory created for this study. In the development phase to identify the design
innovation characteristics, data triangulation was used within the twenty-two in-depth
expert interviews. This was achieved by purposively sampling the experts in two groups -
manufacturing experts and design innovation experts - to elicit rich data which can provide
a reliable construction of the theory. The internal validity has been increased through
discussion with academics and industrialists on the discussion topics of the in-depth
interviews. Furthermore, the selection of the expert interviewees was particularly important
to increase the validity. Therefore rigorous sampling tests through discussions with the
academics in design and manufacturing, on-line sources and unstructured interviews with

potential experts were conducted.

The external validity of the research was increased by a dedicated evaluation research
study at the evaluation phase, where ten prospective design innovation framework users
were interviewed to provide opinions on its acceptability, feasibility and usability. Prior to
the interview, several iterations of the interview topics and the material (design innovation
framework booklet- Appendix G) were conducted to further increase the validity. Two
interviewees (design innovation experts) who were also involved in developing the design
innovation characteristics were asked about the representativeness of the theory (design
innovation framework) through the data they provided, thus further increasing internal
validity.

Reliability is determined by asking whether the research result can be repeated with
consistency and dependability (Neuman, 2003, Bryman, 2008). The aim of reliability is to
minimise errors and research bias (Yin, 2009). As the concept of reliability comes from
quantitative research, some qualitative researchers argue that the same principle cannot be
applied as the data sources and collection activity have an “organic” relationship with the
researcher which evolves as the research progresses (Neuman, 2003). Reliability can
nevertheless be improved by data triangulation, investigator triangulation, and
methodological triangulation (Denzin, 1978, Dellinger and Leech, 2007, Fielding, 2012).

Data triangulation is achieved by collecting data from different sources: time, spaces and
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persons. The purpose of data triangulation is to increase reliability by gathering data of the
same phenomenon with multiple samples (Denzin, 1978). Investigator triangulation
increases reliability by using two or more observers to eliminate bias towards collecting
and interpreting data (Gray, 2009). Methodological triangulation uses multiple data-
gathering methods for the same phenomenon (Fielding, 2012). This is also referred to as
mixed methods, which is readily used by social researchers to increase the reliability of
their research (Dellinger and Leech, 2007).

Validity is closely related to reliability. Reliability is concerned with data consistency, and
validity is concerned with whether the data is a true representation of the phenomenon
under study (Neuman, 2003). The concept of validity also comes from quantitative
research. Again, as with reliability, there are arguments about whether the same principles
of validity can be applied to qualitative research, especially on the criteria of validity
(Guba and Lincoln, 1994, Dellinger and Leech, 2007). There are no universal definitions
of validity for qualitative research and there are up to seventeen different terms for validity
in qualitative research (Maxwell, 2005). This research therefore adopts both internal and
external validity criteria because they are readily adapted for qualitative research (Neuman,
2003, Bryman, 2008, Gray, 2009, Yin, 2009) and comprise many of the different
interpretations of the terms, e.g. credibility is the equivalent of internal validity,
transformability is the equivalent of external validity, and dependability is the equivalent
of reliability (Guba and Lincoln, 1994, Bryman, 2008). Internal validity is concerned with
the integrity of research design and data interpretation where there are no errors (Neuman,
2003) and presents consistency in the observations and theory developed by the researcher
(Bryman, 2008). External validity is predominantly about the generalisability of the
research. The qualitative researcher frequently uses purposive sampling with a limited
number of samples, so the question of generalisation occurs in qualitative research. The
number of samples (sample size) appropriate for interviews ranges from two to twenty-five,
according to different authors (Beitin, 2012) and some only provide guides to choosing
samples (Bryman, 2008, Gray, 2009, Berg and Lune, 2012). As the range of appropriate
sample sizes depends on the research, theoretical saturation is often used to increase
research validity where the theoretical saturation occurs when the theory created by the

researcher is repeated by the interviewees (Bryman, 2008).
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3.3.7 Research ethics

This research closely follows Brunel University’s ‘Code of research ethics” (CoE, 2010).
The researcher has taken the appropriate recommended ethics course (BBLearn, 2012) in
order to become familiar with the ethical implications of the research and its effects on
participants, the university and the researcher. In accordance with the code of ethics,
appropriate measures were taken to ensure that the research participants were fully aware
of the process and that they can at any time stop their participation in the research. Consent
of information was agreed, and interviewees were reminded at the outset that the
information provided would be kept strictly confidential and anonymised. As the research
does not involve human tissue or other biological samples or deal with a group of people
who are vulnerable or unable to give information and consent, it was considered low-risk

and approved by the Brunel Research Ethics Committee.

3.4 Chapter summary

This chapter has explained and justified the research methodology. It provided an overview
of the three main research phases: (i) exploration, (ii) development, and (iii) evaluation.
The methods, including literature review, exploratory interview and questionnaire survey,
case study and in-depth expert interviews, and its sequences, were selected and
strategically analysed to enhance the reliability and validity of the research outcome: the

design innovation framework for UK innovative manufacturing.

The next chapter presents the findings, analysis and discussion of the exploratory study,
including the exploratory interview, questionnaire survey and in-depth expert interview, in
the context of innovative manufacturing, and the perception, role and use of design in

innovative manufacturing.
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Chapter 4. Design and Innovative Manufacturing in
the UK

4.1 Introduction

This chapter further explores innovative manufacturing, discussing the findings from the
exploratory interviews with manufacturing academics, to identify the innovative
manufacturing context in advanced, high-value manufacturing, to explain the position of
innovative manufacturing for innovation and business values. The exploratory
questionnaire results are analysed to better understand the market and the strength of UK
innovative manufacturing companies. Further analysis and discussions then explore the
perception and use of design in manufacturing companies through the exploratory
questionnaire and a series of in-depth interviews with manufacturing experts. The face-to-
face semi-structured interviews with manufacturing academic and experts (Table 4.1) were
designed to extract maximum information without researcher bias (see Chapter 3 for
method details).

Table 4.1: Brief index of interviewees

Interviewees Organisation
Manufacturing MA1, MA2, MA3, MA4 UK University
Academics

Manufacturing ME1, ME2, ME3, ME4, ME5, MES6, | UK Manufacturing Business
ME7, ME8, ME9, ME10, ME11

This chapter presents the data-gathering and analysis of the research which formed part of
a BRIEF (Brunel Research Initiative & Enterprise Fund) research, ‘Design Policy for
Innovative Manufacturing in the UK’ (Principal Investigator: Dr Youngok Choi), which
aimed to create an agenda for developing a national design policy. In this collaborative
research with Lancaster University, the author contributed to planning the research,
including identifying appropriate research methods and stakeholders. Collection of all data
(through face-to-face interviews and questionnaire survey distribution and collection) and

subsequent analysis were also conducted by the author. A series of project meetings with
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academics from Brunel University London and Lancaster University took place at key
milestones of the project to evaluate the outcomes. In August 2012 the researcher
presented the research findings at the DMI research conference ‘Leading Innovation
Through Design’, Boston (Na and Choi, 2012). Further analysis were conducted after the
conclusion of the BRIEF project to ensure that the outcome of the study is relevant to this
research. This chapter therefore discusses both macro- and micro-level issues regarding
innovative manufacturing and the role and usage of design in this context as shown in the

chapter map (Figure 4.1).
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Design issues for
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|

Chapter summary

Figure 4.1: Chapter Map

Design is regarded in manufacturing as one of the most important ways to increase
competitiveness (Howkins, 2002, Cox, 2005), but some believe design is under-utilised
across the entire manufacturing sector (Cox, 2005, Livesey and Moultrie, 2009). When
design is seen as an activity, (‘Designing’, as described in Chapter 2), it is clear that design
is practiced in almost all manufacturing companies which produce products, whether for
consumers or other businesses (DC, 2007). However, if design is viewed as an expanded

practice which includes design strategy and design thinking - which is the view of this
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research - then design use falls dramatically, as the overwhelming majority of
manufacturing companies spend on design within the activity level of businesses only
(Livesey and Moultrie, 2009). The contextual model developed through the exploratory
interviews with manufacturing academics, together with the literature reviews in Chapter 2,
illustrate that innovative manufacturing can indeed increase different types of innovation,
and subsequently expand business values. However, the exploratory survey found that the
majority of innovative manufacturing companies still see design as a limited activity in the
company, rather than as a strategic tool for improving innovativeness. This chapter

discusses the perception, use and role of design in an innovative manufacturing context.

4.2 UK Innovative manufacturing in context

4.2.1 The importance of innovative manufacturing

The UK government regards UK innovative manufacturing as strategically important,
together with advanced and high-value manufacturing (TSB, 2008, BIS, 2009, PACEC,
2011, TSB, 2011a). In this research literature reviews and exploratory interviews with
manufacturing academics were undertaken, in order to understand the innovative
manufacturing context, and the distinctly close interlinked relationship between advanced,
high-value and innovative manufacturing. However, depending on how they are described,
various governmental and non-governmental organisations have differing views. The
meaning of innovative manufacturing depends largely on how ‘innovation’ is interpreted in
various contexts. However, in the context of advanced and high-value manufacturing, its
focus is predominantly on the process of technological innovation. The term “innovation”
is often abused: one academic expert criticised it as a meaningless “buzz word”
(interviewee MAZ2), often used by people “outside” manufacturing (interviewee MA3). The
key milestones of manufacturing, according to interviewee MAS3, are mass manufacturing,
lean manufacturing, and high-precision, automation and sustainable manufacturing, rather
than innovative manufacturing. There was also a strong preference for the term “high-value
manufacturing’, which describes measurable outcome to produce high financial return
and/or high value to customers, whether the customers are consumers (B2C), businesses
(B2B) or even nations e.g. government procurement of defence and military goods
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(interviewees MA1, MA2 and MA4). On the contrary, advanced manufacturing is regarded
as being based on currently available technology (interviewees MA1 and MA3) where it
can be described as ‘advanced’ if the technology has exclusivity, which also implies that it
cannot be called advanced once the novelty wears off (interviewees MALl and MA4).
However, despite reluctance to explain what innovative manufacturing is, all the experts
emphasised the importance of innovation. These conflicting opinions are expected, as
‘innovation’ is open to different interpretations, and it can sometimes be challenging to

define and categorise its effects in manufacturing.

The exploratory questionnaire result shows, predictably, that the overwhelming majority
(92%) of innovative manufacturing companies feel that innovation is important or very
important for their company, where it provides competitive advantages. The most effective
area of innovative manufacturing is considered to be in creating a new opportunity in the
market (65%), followed by developing new technology, increasing sales and driving down

production costs, as indicated in Figure 4.2.
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Figure 4.2: Most effective areas of innovative manufacturing (Multiple answers),
(Questionnaire survey result)

A large proportion of the companies felt that innovative manufacturing is the most
important factor for growth in the UK manufacturing industry (77%). Those who disagreed
made some interesting comments. One manufacturer said innovative ‘design’ is the most
important, commenting that “how it is made can be largely irrelevant: if the product is right
the manufacturing method will follow.” Two others commented that adequate government

funding/backing is the most important factor, and three others said that economic factors -
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including a buoyant confident economy, reduction of labour costs, and exchange rates etc.,

- are the most important growth factors in UK manufacturing.

4.2.2 The contextual model of UK innovative manufacturing

On advanced and high-value manufacturing, the manufacturing academics strongly
emphasised innovative manufacturing as a process to enhance and/or enable advanced
manufacturing to achieve high-value manufacturing (interviewees MA1, MA2 and MA4).
Innovative manufacturing is thus described as an enabler for advanced manufacturing
(technological value) to expand towards high-value manufacturing (commercial value)
where examples of high-value manufacturing include the aerospace, automotive, medical
and energy industries (TSB, 2012c). This further encourages the growth of high-value
manufacturing and subsequently of all manufacturing industry. A conceptual
manufacturing model of UK manufacturing is thus developed (Figure 4.3), representing the
relationship between advanced, high-value and innovative manufacturing where innovative

manufacturing is described as a business or process.

Innovative Manufacturing
Enabling Expansion of
Advanced Manufacturing
and High-Value
Manufacturing

Advanced
Manufacturing

Expanding
Advanced
Manufacturing

Figure 4.3: Contextual model of UK innovative manufacturing in relation to advanced and
high-value manufacturing

Source: (TSB, 2008, BIS, 2009, PACEC, 2011, TSB, 2011a), (interviewees MA1, MA2 and
MAZ3)

The definition of innovation in this context is inherently technology-based. However, the

research considers innovation to have wider meaning, so it must be stressed that the role of
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innovative manufacturing in the UK is not limited only to enabling expansion of advanced
and high-value manufacturing. The ability of innovative manufacturing to encourage the
growth of advanced and high-value manufacturing is important in macro-level, as they are
seen as strategically important areas to develop for the UK to sustain its position as a top
manufacturing nation (BIS, 2010c). At micro-level, the benefit of innovation in products,
services and organisational management greatly increases competitiveness in the wider
manufacturing industry, as discussed in Section 2.5.4. The description of advanced and
high-value manufacturing, drawn from the literature reviews and the interviews, can be
used as a typological example. Advanced manufacturing can thus be seen as representing a
type of innovation, i.e. ‘technological innovation’ among technological, product, process
and organisational innovations (see Chapter 2), as it describes technological advancement,
and high-value manufacturing can be viewed as integrated business values for companies,
i.e. “high-value in sales and turnover’ in customer satisfaction, sales, turnover, operating
cash flow, investment, R&D and product quality (Gomez, 1999), as it represents
commercially high-value manufacturing. This is adopted to create a more generic
conceptual model of UK innovative manufacturing (Figure 4.4) through using horizontal
evaluation (see Section 3.3.2).

Innovative Manufacturing
Enabling Expansion of
Innovation and

Business Values

Types of Innovaiton
(technological, product
service, organisational)

Increased
Innovativeness

Figure 4.4: Generalised contextual model of UK innovative manufacturing

As innovation becomes one of the most important traits of a successful company (Tucker,

2001), innovative manufacturing as a process is an enabler which utilises different
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innovation types to increase commercial success. Likewise, an innovative manufacturing
company is a commercial organisation in the manufacturing sector which recognises the
importance of innovation by continuously introducing new or improved products/services,
improving production processes, actively seeking new markets, collaborating with external

organisations and improving ways of working (see Chapter 2).

4.2.3 The market and the strength of innovative manufacturing
The survey indicates that the majority of innovative manufacturing companies sell their
product on the UK market (85%) followed by 58% in Europe. The lack of export into the

emerging economy was apparent (Figure 4.5).
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Figure 4.5: Major markets for UK innovative manufacturing companies (Multiple answers),
(Questionnaire survey results)

Results of an ISR survey show that many British manufacturing companies have lacked
product innovation, quality control and assurance, marketing and delivery, and after-sale
service, which have resulted in missing UK domestic demand (ISR, 2003). This result, in
conjunction with the questionnaire findings, indicates a discrepancy between general
manufacturing and innovative manufacturing in the UK. This can be interpreted as
innovative manufacturing companies being competitive in the UK market compared with
non-innovative manufacturers. Furthermore, the result immediately shows a potential
improvement area for innovative manufacturing companies: to tackle the overseas market
(export) more rigorously. This would require companies to increase their competitiveness
and other support e.g. better regulations and increased government grants/funding (PWC,

2009), and practical advice and overseas market research (interviewee ME2)
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Innovative manufacturing companies’ key strengths are identified as the knowledge base
(inc. R&D, IP, etc.) of the company (67%) followed by services (50%) and technologically
advanced products (23%). The knowledge base and technologically advanced products are
broadly similar, where the product is a manifestation of technical knowledge. Furthermore,
price was chosen least often as a company’s key strength, which concurs with the BIS
research findings that advanced technology rather than price is UK manufacturing’s
strength, which is the competitive strength over the developing countries (BIS, 2010c).
Interestingly, just over half of innovative manufacturing companies chose *“service’ as their
key strength, reflecting the concept of ‘Servitization of manufacturing’ (Neely, 2007)
where manufacturing companies seek to increase their competitiveness through service, for

market that price no longer can be a competitive strength.

4.3 Perception and use of design in UK innovative manufacturing

4.3.1 Design utilisation in UK innovative manufacturing

To understand the role of design, especially in association with innovation, one must
identify the importance of innovation and design in manufacturing companies. The most
important contributor to innovative manufacturing was design (33%), followed by research
and technology (31%). The manufacturer interviewees also discussed that design is one of
the most important contributors, but they mentioned that the meaning of design is
somewhat limited to the “designing’ of a product or service (interviewees ME2, ME4, MEJ9,
ME10 and ME11). This is also further demonstrated by the survey result showing that the
majority (75%) of the companies indicating that design is a process by which information
is transformed into a tangible outcome. However, just over a third of manufacturers also
saw design as a strategic business tool. This is an interesting result as it shows that third of
innovative manufacturing companies from the survey felt that the role of design is more
prominent in both its voice in key business process decision-making (design strategy), and
its influence on the management of a business (corporate-level design thinking). It is a
certainly a step up from utilising design at a simplistic activity level (designing), as noted
also by the Design Ladder Model by DDC (2003). This indicates that some companies
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apply design more holistically in their businesses, which is further demonstrated by a
manufacturing expert interviewee, where design as a problem-solving process is conducted
by company employees from the production floor to marketing and salespeople: “

everyone in the company does something to do with design...” (interviewee MES5). This
holistic approach can benefit manufacturers where the company’s various knowledge and
experiences can be used collaboratively to create products which are both technologically

advanced and also meet the customer’s needs.

For most manufacturing companies (71%), the expected outcome of design was increased
sales, followed by improving brand value (54%), increased profit margin (46%) and cost
reduction (46%) (Figure 4.6). This indicates that design is still recognised as a tool to drive
the sales of the products the company sell. Interestingly, just over a half of companies now
realise that good use of design can improve a company’s brand value which was ranked as

second most expected outcome of design.
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Figure 4.6: Most important impact of design for UK innovative manufacturing companies
(Multiple answers),

(Questionnaire survey results)

A Design Council research (2007) indicates that UK businesses using design do so to
promote the business to customers and suppliers with corporate communication and
branding (50%) and marketing (48%). This contrasts with manufacturing companies’
spending on design where Livesey and Moultries (2009) show that the UK manufacturing
sector spends 92% of its design resources on technical design, using it for technical and
engineering aspects of creating products and services, but only 2% on user design, 4% on
promotional design and 2% on identity design. Similar emphasis is noticed with innovative
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manufacturing companies, where most companies (88%) answered that design is used in
new product development and production stages (Figure 4.7) in the manufacturing value
chain (BIS, 2010c).

The area of design usage within UK manufacturing companies
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Research Design & Production Logistics & Sales & After sales
Development Distribution Marketing services
of Products
and services

Figure 4.7: Design usage in the manufacturing value chain (Multiple answers),
(Questionnaire survey results)

This is further demonstrated by the survey result where, among companies with in-house
design practitioners (65%), the overwhelming majority have a role in product design (92%)
and/or engineering design (88%). Furthermore, of the companies using external
designers/design consultancies, three-quarters use the service one to three times a year,
predominantly for new product development (73%), production improvement (27%) and
marketing (27%). Innovative manufacturing companies evidently have similar design
usage areas (i.e. product, technical design) to those of other manufacturing companies. The
research also indicates that major barriers to utilising design were practical reasons such as
the cost of design (65%), recruitment of good professional designers/engineers/design

consultancies (31%) and software capability/tools to enable design (31%).

4.3.2 Design-driven innovation and UK manufacturing
The survey and interview results indicate that the current predominant use of design in
manufacturing takes the form of product/engineering design, used for New Product

Development (NPD), a process for creating a product for manufacturing and assembly
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(DFM/A). The main purpose of DFM/A is to design for ease of manufacture (production) a
number of parts which then undergo an assembly process to become a product (Boothroyd,
Dewhurst, & Knight, 2002), However, design is increasingly recognised as ‘adding value’,
and used as a strategic tool for the success of businesses as a whole, not just for technical
problem-solving activities. The importance of design in creating value for a product and an
enterprise is well-documented and understood, and scholars have observed the importance
of the relationship between design and business success (Press & Cooper, 2003; Valtonen,
2007).

Howkins (2001) also describes design as being responsible in consumer-facing
product/services, and in influencing the whole organisation and manufacturing processes.
Verganti (2009) also notes the innovative influence of the expanding role of design,
explaining that companies which only use technology-led innovation have limited
competitiveness. Companies embracing both technology and design-led innovation can
create the unique meaning which differentiates them from their competitors. The product
can thus stay competitive longer and have higher sales volume (Verganti, 2009). If design
is only used at operational (activity) level as a technical function for production in new
product development, as with many UK manufacturing firms, the opportunity will be lost
to maximise competitiveness by embracing true innovation potential. This is further
demonstrated by Figure 4. 8 which shows the use of design in the UK manufacturing sector
placed on top of Verganti’s design-driven innovation process (Verganti, 2009). The figure
illustrates that current use of design in UK manufacturing is predominantly in product
development (i.e. technical design) whereas the importance of understanding the user
through design is heeded by innovative manufacturing (i.e. using user-centred design).
However, design-driven research which seeks the radical new meaning in products is
missing from innovative manufacturing, and the influence of design in technological
research which implies creative user-centred design approach in technical R&D (see
Section 4.3.3). Although Verganti’s model deals with design-driven innovation mainly for
products with radical innovation, it shows the lack of use of design even in the innovative

new product development process.
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Figure 4.8: Design-driven innovation and current use of design in UK manufacturing sector.
Adapted from (Livesey and Moultrie, 2009, Verganti, 2009:173),(Questionnaire survey
results)

Design can be used as a strategic business tool by adopting design thinking. Design
thinking as described by Martin (2009:7) enables companies to create “breakthroughs that
move the world forward”, echoing Verganti’s expression of creating meaning through
design-driven innovation. Creativity and innovation are thus encouraged in both the
product/service and in corporate culture. The National Endowment for Science,
Technology and the Arts (NESTA, 2008a) recommends that companies should embrace
hidden innovation. Brown (2009) describes practical design thinking as creating a
harmonious balance between three competing constraints in a company: feasibility,
viability and desirability. Design thinking thus influences both the management of a firm
as a whole and creates competitive products for the complex rapidly changing market.
Design-driven innovation and design thinking are especially relevant to UK manufacturing,
because the research found current advantages in technological innovation and capabilities
by UK manufacturing at global level. Harnessing design gives manufacturing a greater

chance of surviving hostile competition and thriving in the future.

4.3.3 Design issues for UK innovative manufacturing
The in-depth interviews with manufacturing experts provided further insight about current
design issues in UK innovative manufacturing, including (i) how innovative manufacturing

companies use design more holistically in a business, (ii) the challenge of design’s
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influence on corporate-level decisions, (iii) limited problem-solving activity for bespoke
B2B products, (iv) a lack of desire and resources to expand the market by using design, (v)
the absence of design in R&D, and (vi) limited awareness of the benefits of design. These
issues are directly related to various aspects of innovation. The in-depth interviews
revealed that although innovative manufacturing companies excel in product innovation,
process and organisational innovation remains underutilised, especially by SMEs.
Similarly, business management thinking largely ignores the use of design as a strategic
tool which can enable the company to become more innovative. According to the
manufacturing experts (interviewees ME2, ME5, MEG6, and ME10), this may be due either
to a lack of understanding of the influence of design, or of company resources, leading to

scepticism about the value of design.

Shared responsibility for design

Interviewee ME2, a manufacturing expert who is also the Managing Director of an
innovative manufacturing company, commented, “There is no separate ‘design function’
within the organisation, but NPD, user research and idea generation are all the shared
responsibilities of the all employees.” A design output requiring technical ability, such as
graphic design skills for a brochure, may be conducted by design practitioners, but the
company as a team shares responsibilities for design from research, idea generation,
development, production process to sales and marketing and after-sales service. Each
employee has a special business function (production, sales, etc), but the team approach
demonstrates the use of the term design in a more holistic sense across the manufacturing
business, as discussed earlier this chapter. Interviewee ME2 commented that this is
possible in a small agile company, where it creates a sense of engagement for the products
they sell and makes the working environment more creative where new ideas are regularly
considered and discussed. This was evident in another company, specialising in bespoke
products for special industrial applications (interviewee MES5), where this level of
engagement is encouraged, to find the best idea to solve a problem, to meet the client’s
specifications. Neither company employs full-time design practitioners or design managers,
but they encourage creative problem-solving by collaborating both internally with finance,
management, and production experts, and without specific design disciplines (product,

graphic design etc.,). These innovative manufacturing companies acquire the necessary
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skill sets of design professionals through external collaboration, hiring design practitioners
to oversee the design process, and provide technical design skill sets unavailable in the

company.

Design professionals as business advisors

Interviewee ME3’s innovative manufacturing company has used an external design
consultant for fifteen years who both consults on the product/engineering design
technicalities and shares his opinions about how the business can increase competitiveness
by consulting on company product innovation processes. This small-scale process contains
only a few steps as the design professional deals directly with the managing director, who
has great trust in the design professional’s ability to produce market-leading products.
Designers also work as problem-solvers in Interviewee ME2’s company, where the
external designers have a prominent voice in decisions about new products to be developed
by the company. In contrast, in some larger companies (interviewees ME7, ME9 and
ME11) with much more structured businesses, design plays a lesser role in strategic
decisions on development of products. In a more rigid environment efficiency may be high,
reflecting their production plants, but design professionals have limited influence in the
company, their role restricted to the technical aspects of a product. Some large companies
allow design a voice in management decision-making process (interviewee ME9), in the
form of a design manager, but not on a par with the directors, so it is difficult for design to

influence management decisions at corporate-level.

Limited problem-solving activity in bespoke and B2B products

Companies producing successful bespoke and B2B products inherently excel at problem-
solving the clients’ specific set of problems (interviewees ME2, ME4 and MES5). They act
as almost like a consultant engaging with their client, much as a design agency would,
discussing the client’s requirements to provide solutions to fit the product. This ability is
seen as their most important competitive advantage in their given market. Knowledge — in
the form of employees’ experience and technical abilities to produce a desired outcome - is
a key element in achieving the result. However, in such cases, the ability of design research
to obtain a wider perspective of both market and users is limited if the company relies

solely on solving clients’ problems. The company’s design activity may be passive and
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technical, with less creativity applied to the products or service. Although this may help
innovative manufacturing companies to ‘sell’ their products/services (Martin, 2009), it can
also make the company too reliant on its analytical thinking, rather than balancing it with
intuitive thinking to drive true innovation. Some companies try to exceed the clients’
expectations by providing extras e.g. in packaging and materials choices (interviewee
MEDS), simplified components (interviewees ME2 and ME3), and providing advice on the
changing market (interviewee ME2), to increase their competitiveness, but it is generally
difficult to improve on clients’ specifications. This becomes more apparent where the
product is within a complex supply chain, because even a small change in a product

property can have a knock-on effect on the entire supply chain (interviewee ME9).

Expanding the market

There is broadly a lack of any proactive approach to expanding the market because
manufacturing companies simply do not see the benefit of doing so when their business
performance is satisfactory (Interviewee MES). Once they are in the supply chain for larger
manufacturing companies, they tend not to explore new markets (Interviewee MES).
However, the drawback to this passive approach is that when there is increased
competition it is extremely difficult to survive. These companies are usually the specialised
and leaders in their sector, with a long history of several client relationships, and are thus
more relaxed about increasing their competitiveness through innovation, and even less
likely through design. Innovative manufacturing companies’ desire to expand the market
increases slightly when they actively collaborate with external organisations to expand
their capabilities (interviewees ME5 and ME8). However, the lack of design utilisation
remains, even when trying to understand a new market and its users, one of the most
important role of design research which increases the chance of success in a foreign market
(Hertenstein and Platt, 2001, Cooper and Evans, 2006, Sawhney and Prahalad, 2010, DC,
2015). This is also hindered by limited staff and financial resources (interviewee ME2)

especially for overseas markets.
Absence of design in R&D

Companies with their own R&D department tend to excel in new product development by

producing better products for their customers (interviewees ME6, ME9 and ME11).
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However, their approach to innovation can be limited when developing new technologies,
either internally or in collaboration with outside institutions (i.e. universities, supported by
government grants). The role of design in R&D is often limited or even absent, as the
scope of design is the activity to style a product and enable production (engineering design)
rather than to provide user and market insights to increase the chance of success in R&D
(interviewee ME9 and ME11). This is one of the most apparent area showing the limited
use of design. Despite support through “Design Option” by Innovate UK (formerly the
Technology Strategy Board, TSB) (TSB, 2012a) for companies to use design advisers in
R&D processes, almost all the manufacturing expert interviewees reported the lack of
design utilisation in this area. This was attributed to a lack of awareness of how design can
be holistically integrated into all areas of business, to identify problems from the
user/client perspective. This powerful empathic thinking process, described earlier in
Section 4.3.2, will enable innovative manufacturing companies to make R&D outcomes

more commercially successful.

Limited awareness of the benefit of design

The questionnaire results show that even for innovative manufacturing companies design’s
role is limited as a true link between creativity and innovation, where innovation includes
technological, product/service, process and organisational innovation (see Section 2.3).
Some company interviewees demonstrated the concept of “silent design’ (Gorb and Dumas,
1987) where design is considered as a shared responsibility even among non-design
professionals throughout a company (interviewees ME2 and MES5). The perception of
design remains predominantly limited within the boundary of ‘designing’ where it is only
utilised in NPD as a technical function of a company (Interviewees ME6, ME8, ME10 and
MEZ11). The reasons for this limited awareness include: (i) top-level managers do not have
time to engage in creative activity to develop better business management practice
(interviewee MEDS), (ii) limited employee resources and complications in applying design
as a strategic tool (interviewees ME2 and MES), and (iii) scepticism about using design as
a tool to develop and better manage a business (interviewees ME5 and ME9).

Technical design serves UK manufacturing companies well, as the UK is amongst the most

capable countries, producing excellent designs for both form and function. However, UK
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manufacturing’s use of design is limited as described by both Cox (2005) and Liversey and
Moultrie (2009). This is echoed in the UK’s innovative manufacturing companies, where
utilisation of design is similar to that in the general manufacturing sector, opinions about
design mainly limited to technical design. Some companies practice creative problem-
solving in their business practice, which shares characteristics of design as a problem-
solving process. However, they are still limited to problems in an NPD process. Lack of
interest in creative business development, whether due to limited resources or desire,
contributes to limiting the greater role design can play to enable innovative manufacturing
companies to further increase innovativeness across the company, to increase
competitiveness both domestically and globally. The questionnaire survey research found
manufacturing companies receptive to the importance of design, albeit technical design — a
potentially good starting point for encouraging them to fully embrace the advantage of
design throughout the company.

4.4 Chapter Summary

This chapter used the findings from exploratory interviews with manufacturing academics,
a questionnaire survey with innovative manufacturing companies, and in-depth interviews
with manufacturing experts, to identify and analyse the innovative manufacturing context,

its perception and use of design, and issues about the role of design.

The results indicate that innovative manufacturing is an enabler for advanced
manufacturing to expand into high-value manufacturing. This theory was then used to
develop a more general contextual model of UK innovative manufacturing, showing how
innovative manufacturing enables a company’s innovation to increase integrated business
values including customer satisfaction, sales, operating cash-flow, etc. The questionnaire
survey also revealed that UK manufacturing’s strengths are knowledge and service, and

price was predictably not considered a strength by the majority of the companies.

Design is considered important by the overwhelming majority of innovative manufacturing

companies, who also regard it as the most important contributor to innovative
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manufacturing, followed closely by research and technology. However, design perception
remains largely about technical design, as with general manufacturing companies,
indicating limited use of design and its capabilities by innovative manufacturing
companies. The research explains the importance of design for innovation where the
concept is of design-driven innovation and design thinking. It also shows continuing lack
of design utilisation in the early stages of the design innovation process, and as a
philosophy to increase creativity and user understanding for management of a company.
Although the research also identified some examples of design as the shared responsibility
of all employees (a holistic approach), and as a business development channel (business
advisor), overall design is not being fully utilised in UK innovative manufacturing
companies, and its capacity to expand various types of innovation remains poorly
understood. Hence, to improve the understanding of the full areas of design to increase
company’s performance through innovation, a comprehensive overview of design that is
closely related to increasing competitiveness and company growth is required. The next
chapter discusses an overview of the relationship between design and innovation, using the
findings of literature reviews and expert interviews. A design innovation spectrum will
then be created to demonstrate the capabilities of design for innovation in the business

context.
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Chapter 5. Design Innovation Spectrum

5.1 Introduction

Chapter 4 discussed innovative manufacturing in relation to high-value and advanced
manufacturing, which are the UK government’s strategic emphasis, and created contextual
model of innovative manufacturing in relation to types of innovation and integrated
business values. It also addressed the perception, role and utilisation of design by UK
innovative manufacturing companies. The research indicates manufacturers’ narrow view
of design, which leads to a subsequent lack of utilisation of design as a strategic tool and
an agent to enable creativity to enhance innovativeness. In order to provide a
comprehensive view of design and its relationship with innovation, literature reviews were
conducted of academic papers, books, reports with a particular focus on types of design
and innovation and on the relationship between design and innovation. A synthesis of the
literature findings resulted in the formulation of both the design spectrum and the
innovation spectrum, and the subsequent fusion of the two spectrums resulted in the

construction of a design innovation spectrum.

Table 5.1: Brief index of design innovation expert interviewees and their groups

Interviewees Organisation (groups)

DE1, DE2, DE3, DE4, DE5 Design Consultancy (DP)

DE6, DE7, DE8 Design Promotion and Support Organisation (DO)
DE9, DE10, DE11 Governmental Innovation Support Organisation (10)

The design innovation spectrum was evaluated through the expert interviews to identify
potential issues, omissions or misinterpretation to further develop and finalise it. The
interviews were conducted with eleven design innovation experts (Table 5.1) using the
semi-structured in-depth method. In order to identify the relevance of the design
innovation spectrum in the innovative manufacturing context, a case study was then
conducted of forty six innovative manufacturing companies: twenty two design-oriented
award winners and twenty four innovation-related award winners. Secondary research was
conducted - of literatures from the awarding body, promotional literatures, websites and

news/magazine articles, interviews and of the companies’ social media (LinkedIn) - to
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identify the practical implications of each area of the design innovation spectrum (see
Chapter 3 for research method details). In this chapter, the findings and subsequent
discussion of the result of analysis will be discussed as shown in the chapter map (Figure

5.1).

Introduction

!

Design innovation spectrum
development
T

The design spectrum
|

The innovation spectrum
I
The design innovation spectrum

|
Evaluation of the
design innovation spectrum

|

Case study for the
design innovation spectrum
|
Cases of designing for technical,
product and service innovation
|
Cases of design strategy for
process innovation
|
Cases of corporate-level design thinking
for organisational innovation

|

Chapter summary

Figure 5.1: Chapter map

5.2 Design innovation spectrum development

5.2.1 The design spectrum

The research revealed that it was difficult to define the parameters of design, which has
variable forms. It sometimes describes an activity used to produce an object e.g. design for
manufacture and assembly (Lindbeck, 1995, Boothroyd et al., 2002). It can also describe a
creative process adopted by a designer or managers to generate the preferred outcome

through intangible input, i.e. a business model, innovation process, company structure, and
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even company vision and strategy (Blaich, 1988, Mozota, 1990, Best, 2006, DC, 2007,
Sawhney and Prahalad, 2010, DC, 2012a), and may include Simon’s statement that
“everyone designs who devises course of action aimed at changing existing situation into
preferred ones” (Simon, 1996: 111). This complex array of meanings discourages
manufacturing companies from embracing design more systematically and as a strategic
tool for their business because it can be seen as resource-intensive in a commercial
environment. The design spectrum has been created to clarify the wider contribution of
design in businesses in a more accessible form. The effect of design can be broadly divided
into two: i) influencing the production and delivery of the product/service, and ii)
influencing the management of a company. The definition and usage of design varies
depending on different points of view, so a comprehensive review was conducted of the
meanings of design in the commercial sector of literatures from design, business
management, government and non-government organisations, to enable a more intuitive

understanding of design.

In order to enable a whole-company application of design at all levels of manufacturing
companies, a theoretical design spectrum model was created by synthesising the key
elements found in the literature review in Chapter 2. Although this attempted to extract the
elements of design to clarify the parameters and meaning of design, it is still difficult to
understand, not least because authors define the same terms differently. Nevertheless, the
elements of design are identified as ‘designing’, ‘design strategy’ and ‘corporate-level
design policy’. Designing represents design as a part of company activity to create an
artefact or service, including designing for manufacture and engineering design. Design
strategy is the management of design in a company, typically led at strategy level by
design managers or senior managers. This includes managing process improvements - the
designing process, the production process, the logistic process, the material handling
process etc., - to enable design to align with corporate strategy. Corporate-level design
thinking is described by many design-oriented practitioners and theorists. However the
‘corporate-level” is suffixed to eliminate confusion about design thinking for all design
activities - and is specifically for the management of the business as a whole, usually

adopted by the top-level management of a company to increase creativity and a user-
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centred approach to business problem-solving. The various design areas are represented on

the top row of the design spectrum model (Figure 5.2).

Design Spectrum

Designing Design Strategy Corporate-level Design Thinking
(Product/Production/Communication/Service) | (Managing Design) ! (Managing Company)
Business level Activities (Operational) Level Strategic Level . Organisational Level
Creation of Artefacts Image/Service Process System
P Delstilgn y :mr_ESSio_n al gesi_gner Design Manager : Director Board of Directors
ractitioner; ngineering Lesigner Senior Manager . CEO Policy Maker
Decision-Maker Engineer !

Influence of Manufacturing/Assembly Service ! Design Process ! Company Culture Design Policy

Design in... Form/Function - ) . ¥ -
(Designing for) Product User Experience ; Design Implementation ; Business Model Vision/Strategy
Required Trend User Behavi Design Process . Lo
Understanding Production Process Mar;:: E:vi?::?r::ent Value of Design |  Corporate Strategy %iiil::‘;;‘:?g
in... New Technology/Material Strategic Management | Y
Underlying Design Research and Development
Competence
Design Creative Experimental Empathic, Chaos to Order Systems Thinking
Attribute Idea Generation Problem Solving User-Centred Approach Communication Holistic Thinking
P::;ﬁf:eﬂ; gadlﬂlc':gnogz::y Service Quality Attract Investment Opening New Market Design-led Innovation
Benefit . Enhance Company Image Improve Quality of Design Creative Internal Culture Systematic Design Support
New Product Creation ) X N - o : .
New Service Creation Effectiveness of Design Increased Competitiveness  Creative Business

Increased Revenue

Figure 5.2: Theoretical model of the design spectrum with key terminologies to describe its
context in business.

The design spectrum does not flow only from left to right: the design areas function
independently without requiring competence in other areas in order to be practised in a
company. This is similar to the non-linear design innovation process described by Kumar
(2013), who explains how a design project can start at any stage of the process and fill in
the necessary requirements as required. The staircase model used by the DME award
(Kootstra, 2009) which describes the stages of design management working like a
‘staircase’ to increase the level of design management competence, whereas in the design
spectrum in this research the areas of design resemble an array of closely interlinked

aspects which need to be addressed but not in sequence. Dotted lines are therefore used to
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describe the loose distinctions, because it is hard to establish the distinction between the

design areas, which are closely linked and sometimes interdependent.

The design spectrum attributes listed in the left-hand column are derived from various
literatures to best describe the areas of the spectrum. Although they are sometimes hard to
distinguish, some general patterns emerged from the literature. The ‘business level’
described earlier in chapter 2 indicates the possible place of design in an organisation, and
the “creation of” indicates the possible outcome or improvements through using design.
‘System’ is mentioned in some literatures (Gorb, 1986, Best, 2006, Clark and Smith, 2008,
Brown, 2009, Visser, 2009) in the context of the company as whole, not just as a system
for a specific product or service (Boothroyd et al., 2002, Bruce and Bessant, 2002a). The
‘design practitioner/decision-maker’ refers to the people in an organisation most likely to
be directly responsible for particular areas; similarly the ‘influence of design in...
(designing for)’ indicates the functions and context of a business which these design
decisions will influence. Furthermore, ‘required understanding in...” describes areas of
knowledge and awareness required to make appropriate decisions. These areas of
understanding are not exclusive to professionals of particular design areas e.g. a good
understanding of trends, production processes, user behaviour etc., - which are in the
‘designing’ area of the spectrum - are also required by company directors. However, the
separation indicates that these areas of understanding are essential for “designing’ a good
product/service and user experience, just as understanding corporate strategy, design
thinking and business policy are essential in corporate-level design thinking. Similarly,
‘underlying competences’, ‘design attributes’ and ‘benefits’ are even harder to separate, so

the dotted lines are removed from these attributes of the design spectrum.

5.2.2 The innovation spectrum

The importance of innovation is emphasised in almost all socio-economic areas (Baregheh
et al., 2009). In order to more easily comprehend the various areas of innovation, an
overview was created to enable better understanding of a parameter of innovation in a
company. The Innovation Spectrum was thus created, which contains the various theories
of innovation including, but not limited to, the Technology readiness level (TRL), the

related innovation model by TSB (2012b) for its relevance in the manufacturing sector; the
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Innovation Value Chain (Hansen and Birkinshaw, 2007) and “Total Innovation” (Roper et
al., 2009) for its overall perspective on innovation in both theoretical and government level
perspectives; and Ten Types of Innovation (Keeley et al., 2013) for its practical
implications for businesses with a plethora of case studies easily recognisable in the
commercial context. In the Ten Types of Innovation model, the “offering” consists of a
company’s main products/services, “experience” includes customer-company relationships,

and “configuration” comprises a company’s internal workings and business system.

Innovation Spectrum

Innovation Technological Product, Service, Process Organisational
Spectrum Innovation Innovation Innovation
(TRL) 1,2 3,4,5,6,7 8,9
T5B Discovery & Innovation Commercialisation
Model Research
Nesta Traditional Innovation Hidden Innovation (Type Il & IV)
Innovation N i
Model i , Product Service Process Mqugt Bu5|>nes‘5 Model,
ode Technologies Positioning Organisational Form
Innovation Idea Generation and Conversion Diffusion
Value L X External
Chain Model In-House Development  Cross-Pollination  Selection ‘ Spread
Keeley Offering Experience — Configuration
; annel
Innovation Product  Product Customer Brand, Network Structure Profit
Model Performance System Engagement  Service Process Model

Figure 5.3: Innovation spectrum to illustrate the parameters of innovation within a company

The innovation spectrum is constructed differently from the design spectrum because
although it can sometimes be as elusive as design, research into innovation has found it is
much more established and structured. Despite a tendency to over-focus on technological
innovation in the manufacturing field, in a management or marketing context the view of
innovation was much more comprehensive. The main areas of the innovation spectrum
were found to be technological innovation, product service and process innovation, and
organisational innovation. As with the spectrum areas, they are strongly interlinked as with
the design spectrum, but for the purpose of this holistic overview it was necessary to
separate these areas. According to NESTA’s total innovation theory, technological,
product, service and process innovation can be categorised as traditional innovation, which
concurs with the more manufacturing-oriented theories of innovation (Mosey et al., 2002,
Laforet and Tann, 2006), whereas organisational innovation includes what NESTA
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describes as “hidden innovations”, and other theories which deal with the broader
perspectives of innovation in an organisation (Utterback, 1986, West and Anderson, 1996,
Berkhout et al., 2006). It is not intended as a process to be read from left to right; although
TRL (NASA, 1995) and Innovation Value Chain Models are process-based, sometimes not
all aspects of those models are applied to produce and sell a product or service, e.g. some
products are launched with consideration only of “traditional innovation” areas of the
spectrum. They meet the requirements of TRL 1-7, where appropriate. However, this
“partially innovative” product will have a reduced chance of success because of the lack of
consideration of all areas of the Innovation Spectrum. Some models, including the
Innovation Value Chain and Ten Types of Innovation, were de-constructed to best fit the

overall innovation spectrum (Figure 5.3).

5.2.3 The design innovation spectrum

The relationship between design and innovation can be found in several literatures, and it
is harder to find a text that does not associate design with innovation. However, the scope
of design and innovation varies and the association also differs depending on the literature.
The research found three main ways in which design is related to innovation. Firstly, it
provides a “symbolic representation” as a vision for innovation (Swann and Birke, 2005),
which is closely linked to design’s capacity to visualise ideas. Secondly, it creates greater
meaning for the innovative products and services it delivers (Trueman and Jobber, 1998,
Verganti, 2009). Lastly, it underpins how a company, as a whole, creates and maintains
innovation itself through its operational and strategic management (Mozota, 2003, DC,
2014). An important ingredient of all of the listed associations between design and
innovation is design’s ability to manipulate and visualise creativity to solve an
organisation’s complex or “wicked” problems at different levels of the organisation. A DTI
report illustrates this, describing design as a bridge between scientific knowledge and new
technology to produce a usable end-product, emphasising that it links creativity and
innovation (DTI, 2005). However, in this report design is still seen as activities within a
business i.e. the disciplines of graphic, interior, fashion, industrial and engineering design.
When design is seen as an activity (on the left-hand side of the design spectrum,) design
will inevitably be only a portion of the innovation spectrum, with areas of innovation

outside of design’s influence (Walsh, 1996).
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Cox adopts the influence of design in the broader innovation spectrum (2005). He uses a
definition of design similar to that of the DTI, also referring to the Third Community
Innovation Survey to illustrate that design expense can indeed generate greater innovation
impact in i) an increased range of goods/services, ii) improved quality of goods/services, iii)
open new markets/increased market share, iv) improved production flexibility, v) reduced
unit labour costs, and iv) reduced materials and/or energy. Furthermore, design’s influence
can be seen across various areas of manufacturing SMEs and, as Tether (2009) describes,
firms using design in both products and services are more likely to produce good products
and process innovation, although his reference to design was more about explicit design
(towards the left-hand side of the design spectrum) rather than “silent” design (towards the
right-hand side of the design spectrum). Design parameters in these reports concentrate on
confining design in a form which is regarded as a part of the firm’s activity. This is
predictable, since it is more manageable to measure than that of corporate-level design
thinking. However, a theory from Verganti (2009) elaborates design further by recognising
that it can change the meaning of an object, and furthermore of the company producing it.
Although he sees innovation in relation to technology, this view of design influence
demonstrates the broader importance of design in relation to innovation. Mozota (2003)
expands this further, taking design to corporate-level, where it can influence changes in the
vision and strategy of a company itself, which is where innovation is also seen as an

essential part of success.

The latest design-thinking theories also discuss design at corporate-level and include
design influences for organisational innovation (Bertola and Teixeira, 2003, von Stamm,
2008, DC, 2011, Battistella et al., 2012, Mootee, 2013), but it becomes much harder at this
point to distinguish and measure design input in an organisation. When the parameters of
design and innovation are regarded as having an influence on the whole organisation
(Figure 5.2 and Figure 5.3), it is theoretically possible to overlay them with regard to their
relative capabilities, and by constructing this fit between design and innovation provide a
comprehensive overview of design capabilities which is likely to influence innovation in

particular areas and levels of businesses (see Figure 5.4).
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Design Innovation Spectrum

Technology Designing . Design Strategy Corporate-level Design Thinking
R&D (Product/Production/ (Managing Design) (Managing Company)
Communication/Service)
Traditional Innovation Hidden Innovation (Type |l & IV)
New . Product Service Process N!alrke‘t Busi.nes‘s Model,
Technologies Positioning Organisational Form
Offering Experience Configuration
Channel
Product  Product Customer Brand, Network Structure Profit
Performance System Engagement  Service Process Model

Figure 5.4: Initial design innovation spectrum presented for expert evaluation

5.2.4 Evaluation of the design innovation spectrum

Expert interviews to evaluate the viability of the design innovation spectrum were
conducted with design innovation experts including professionals from design
consultancies (DP group), design organisations (DO group) and governmental innovation
supporting organisations (IO group) as shown earlier in this chapter (Table 5.1). The
interviewees were presented with the design spectrum (Figure 5.2) and the innovation
spectrum (Figure 5.3) to provide the background of the design innovation spectrum, and
were asked to discuss the viability and feasibility of the design innovation spectrum
(Figure 5.4) to identify possible issues and improvement areas to finalise the design

innovation spectrum.

Evaluation of the design innovation spectrum by the expert interviewees revealed that it
was comprehensive enough to show most of the influences and roles of design in a firm.
This was especially apparent with the DP and DO groups, where all agreed that Corporate-
level Design Thinking is a positive inclusion in the spectrum, to demonstrate the
importance of design in business management. The 10 group also recognised the design
innovation spectrum as a good approach to address the “fuzziness” of the term *“design” in
manufacturing companies. However, the 10 group and some interviewees from the DP and
DO groups (interviewees DE1 and DE7) also recognised that including all the design areas
in the spectrum could lead to confusion about what design signifies for a company. They
also noted that it could be overwhelming for manufacturers with little knowledge of, or
worse still little interest in, design to relate to all the areas of design, especially towards the
right-hand side of the spectrum (interviewees DE1, DE2, DE4, and DE7). This observation
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reflects the limited recognition of design by manufacturing companies (discussed in
Chapter 4, and by Na and Choi (2012)), and explains why the link between design and
innovation in the design innovation spectrum is important, as it attempts to illustrate the
relevance of the expanding role of design to “total innovation”, which manufacturing

companies are more familiar with.

Some interviewees misinterpreted the design innovation spectrum, their confusion arising
mainly from over-simplification of the spectrum. Firstly, most interviewees saw the
spectrum as a left-to-right process; this was unintentional as it is constructed to show the
parameters of Design Innovation for different levels of a whole business, not as a linear
process a company must go through to achieve better innovation. This confusion, arising
from unclear representation, was addressed by including areas of decision-making
influences by design practitioners (white) and top managers (grey) (see Figure 5.5), which
also addressed the issue of representing the amount of involvement in each design
innovation attribute by the people in an organisation (interviewees DE2, DE3, DE5, DE7
and DES8). For example, in the “Where (Business level)” attribute, the design practitioner’s
involvement is more at an activity level, whereas the top manager’s involvement is more at
organisational level. Furthermore, although interviewees DE1, DE2 and DE10 suggested
that the spectrum itself should be visually simpler to give immediate effect to an
appropriate audience, most interviewees found it difficult to easily associate the attributes
of the design spectrum (see Figure 5.2) and the innovation spectrum (Figure 5.3) in the
design innovation spectrum (see Figure 5.4), as they are omitted to give a simpler visual
representation. Some details were therefore presented again in the improved design
innovation spectrum (Figure 5.5). The spectrum attributions also used a more recognisable
analogy (the Kipling method), in response to a suggestion from DE1, DE4, DE5 and DE11.
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Figure 5.5: Design innovation spectrum with improvements suggested by the experts in
design and manufacturing

The DP and 10 groups made contradictory comments: the 10 group all agreed that design
has little or no effect on technology R&D in a pure science form (TRL 1-2). However,
DE2 and DE3 commented that design should touch on this, even in this early stage of
innovation, not as a new product development tool per se, but as a way to understand the
need to consider which areas of R&D are required, and to develop a company culture or
environment which values creativity in the technology development. However, the DP
group also recognised that this is not practised in the real world, as it is seen as an

unnecessary risk and resource intensive (interviewees DE1, DE2 and DE®6).

This was also a general comment from the DP and DO group, where in an ideal situation it
would be best to practise all areas of the design innovation spectrum, but it was felt there
are many barriers to achieving this. They recognised, from their experiences, that there

must be a strong need in a manufacturing firm’s senior management to adopt changes in
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design or even innovation, such as decreasing sales and market share of product(s), or
increasing competition and diversification of the product range etc., Even with these needs,
some interviewees (interviewees DE2, DE4, DE6 and DE7) had difficulty convincing
senior management to appreciate and use the expanding roles and capabilities of design, as
with the design innovation spectrum. DE9 and DE10 agreed, saying that design was firmly
situated in technical design (designing) and they had seen no improvement in viewing

design as widely as in the design innovation spectrum.

The research found three ways to increase acceptance of all the areas of the design
innovation spectrum. Firstly, the presence of a design champion or leader in a company,
discussed by almost all interviewees, was cited as one of the key elements missing from
the initial design innovation spectrum, which is added in the “Who” attribute in the revised
design innovation spectrum. This role is not normally taken by designers, but by senior
managers in manufacturing companies who are willing to take risks to use design more
widely in a company, e.g. using corporate-level design thinking to improve the business
model, and even the company vision and strategy. The second method the experts have
used was building trust in design by succeeding and exceeding expectations with smaller
“activity level” projects (DE2, DE4, DE5, DE7, DE8 and DE11) and convincing senior
management or the CEO that design can contribute more in the company’s strategic and
organisational levels. Thirdly, an indirect way of attracting interest for the whole design
innovation spectrum is to use success story case studies. This was often used by the DO
group as an initial method to explain the use and benefits of design at different levels and
in different situations in a business (DE6, DE7 and D8).

Further discussion of the design innovation spectrum included the confusion for
interviewees DE3, DE4 and DE5 over whether it represented all the elements (input) of
innovation, which was unintentional as it aims to show possible ‘design’ influences on
innovation. Other operational areas in business - marketing, HR, and environmental areas
of business such as government policy, regulations and abrupt changes in the market - all
influence innovation. Design is therefore not an exclusive contributor to innovation, but the
design innovation spectrum shows that it certainly can influence all areas of total

innovation.
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5.3 Case study for the design innovation spectrum

The practical implications of the design innovation spectrum were studied by using case
studies of innovative manufacturing companies, recognised for their innovativeness
through various awards. These awards include the Design Management Europe (DME)
Award, dba Design Effectiveness Award, the Queen’s Enterprise Award (Innovation
Category), and The Manufacturer MX Award (innovation and design category). These
awards are carefully selected to represent the balanced perspectives of design and
manufacturing (mainly engineering) on manufacturing companies. Cases from The Design
Council’s Designing Demand Programme were also included because they provide a
comprehensive overview of the benefit of design in UK manufacturing companies (see
Chapter 2). Forty six cases were studied, twenty two from design-related awards or
programmes, and the other twenty four from business (innovation) or manufacturing
awards. The manufacturing companies identified from these initial sources were then
further investigated for company history, culture, processes, influences in the market,
philosophy of the top-level manager (CEO, managing directors etc.), and success stories of
design innovation (problem-solving) in order to understand and predict the use of areas of
the design innovation spectrum. As the research used secondary sources for the case study,
the descriptions and examples may not represent the activities, processes or philosophy of
the overall company. Some companies provided insights using multi-channels including
interviews, blog-posts, promotional videos, etc., whereas others provided limited
information on their activities and processes. However, the case study provides an
overview of the practical implications of the design innovation spectrum for innovative

manufacturing companies.

The benefit of using ‘design’ in a manufacturing company is apparent through cases
identified from the design-related awards and from The Design Council. Similarly, the
benefit of ‘innovation’ is explained through companies which have won manufacturing-
oriented awards. Furthermore, by analysing the manufacturing companies, the research
found elements of design innovation, even where the company does not use the specific
term “design’ in their promotional materials and websites. The cases are thus categorised
using the description of the areas of the design innovation spectrum: (i) ‘designing’ and
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‘technological/product/service innovation’ which are the activities of a company to create
artefacts or viable services to be launched in the market for specific set of target customers,
(i) “design strategy’ and ‘process innovation’, which encompass strategic level decisions
to manage and/or create design and innovation processes in order to increase efficiency,
feasibility and collaboration, and (iii) ‘corporate-level design thinking’ and ‘organisational
innovation” which include the creative management of an entire organisation and its
business model using user-centred approaches with clear vision from top-level

management or fully supported by them financially and authoritatively.

5.3.1 Cases of designing for technical, product and service innovation

The manufacturing companies identified in this section produce exemplary products which
are regarded as innovative because of their financial success (dba Design Effectiveness
Award and Queen’s Award for Enterprise) and by the experts in design and manufacturing
(DME Award, Design Council’s Designing Demand, EEF Award). Table 5.2 provides a
list of selected companies which demonstrate the presence of ‘designing for technological,
product and/or service innovation” which produces successful products/services in the
market. The range of products manufactured by the companies vary greatly, from
consumer products (Bolin Webb, KANO Computer Kit, BT Hub, Yorkshire Flower pot,
Surgu, Linn Products, Tangle Teezer, etc.) to industry-specific, business-facing products
(Thrislington Cubicles, Touchline Flags, Acro Aircraft Seating, James Heal, Irisys, Pryor
Marking Technology, etc).

Table 5.2: List of companies that demonstrate the ‘designing for technical, product and/or
service innovation’ area of the design innovation spectrum

Origin of the Case Manufacturing Companies
DME Award grlgglt;;gs]ale Care Beds, Thrislington Cubicles, Performance Health

KANO Computer Kit, Touchline Flags, BT (Hub), BT (Phone),

dba Design Effectiveness Award | Lovair, Reckitt Benckiser (Lysol Dettol), Acro Aircraft Seating,
Unilever (Project Rainbow)

Design Council Designing James Heal, Naylor Industries (Yorkshire Flowepots), Owlston
Demand Nanotech, Navatas, Sugru,

Ancon Building Products, Aspen Pumps, Aurox, Centek, Hadley
Industries, Heat Trace, Irisys, Limbs & Things, Linn Products,
Queens’ Award for Enterprise Milmega, NanoSight, Russell IPM, SELEX Galileo, Harrison Spinks,
Stage One, Stanhope Seta, Survitec Group, Tangle Teezer, Tenmat,
Track Analysis Systems, Zeeko

EEF Manufacturer of the Year

Award Xtrac, Pryor Marking Technology, Rayovac (MicroPower Division)
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The companies demonstrate a common theme with their product ranges. The products
variously (i) solve specific problems identified either by the users or by the company’s
research (or epiphany of the founders/directors), (ii) meet users’ requirements, (iii) have
desirable qualities and/or aesthetics, and (iv) are timely in the market. Similar qualities
were identified in the literature review (Chapter 2). The influences of design in producing
these successful products and in NPD were fairly apparent with companies expressing the
importance of ‘good design’ in their promotional literature, especially for consumer
products. In comparison, industrial products emphasised ‘engineering’ or “functions’ much
more, and used the term “design specific’ for its technical ability to translate the idea into
production, often used as a synonym or part of engineering. Furthermore, different
perspectives (i.e. award types) provided evidence of the scope of design’s contribution to
the success of the products. Design-oriented awards demonstrated design’s ability to
understand the user and market demand, whereas the innovation award-winners tended to
demonstrate a product’s functional and technical abilities, with emphasis on efficiency and
cost-savings to their customers. This is expected as the award itself acts as a amplifier of

specific capabilities of design/innovation.

However, manufacturing companies demonstrated a lack of ‘service’ innovation. All
awards recognise service innovations, but the research found difficulty identifying a
manufacturing company which was also a service innovation winner. Although the
emphasis of service from companies in the services or retail industry will be greater, as it is
an integral part of their profit model, however, with the current surge of interest in services
in the manufacturing sector it is not clearly delineated in either the manufacturing

companies’ awards or promotional materials.

5.3.2 Cases of design strategy for process innovation

Design as a catalyst to provide better processes in an NPD, production and designing in
order to enhance process innovation, is demonstrated with the companies listed in Table
5.3. The strategy level of a business determines how a company utilises design
professionals’ capabilities as a user/market representative, mediator of collaboration, and
holistic (system) thinker. The cases provide insight of how design strategy increases

process innovation by (i) collaborating with external organisations (e.g. Thrislington
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Cubicles, Touchline Flags, and Owlstone Nanotech, etc.), (ii) streamlining the production
and NPD process (lean manufacturing) e.g. by utilising automation and CAD (e.g. Gripple,
Naylor Industries, Owlstone Nanotech, Centek, Unilever, and Hadley Industries), (iii)
provides a holistic overview of the process from concept to point of sale (e.g. Bolin Webb,
KANO Computer Kit, Reckitt Benckiser, Limb & Things, Tangle Teezer etc.), and (iv)
allocation of creative/collaborative space for employees (e.g. Specialist Precast Products
and GSK Consumer Healthcare-Environment). It is important to note, however, that design
acts as an agent to achieve these tasks rather than as a sole advocate. Internal collaboration
is therefore a key to improving a process innovation through design strategy.

Table 5.3: List of companies demonstrating the presence of the “‘design strategy for process
innovation’ area of design innovation spectrum

Origin of the Case Manufacturing Companies
Nightingale Care Beds, Thrislington Cubicles, Bolin Webb,
Specialist Precast Products
KANO Computer Kit, Touchline Flags, BT (Hub), BT (Phone), GSK
Consumer Healthcare-Environment, TTI (AEG Powertools), Reckitt
Benckiser (Lysol/Dettol), ICI Paints (Dulux Perfect Finish), Unilever
(Project Rainbow)

DME Award

dba Effectiveness Award

Design Council Designing

Dermand Gripple, Naylor Industries, Owlstone Nanotech, Sugru

Aspen Pumps, Aurox, Centek, Hadley Industries, Heat Trace, Irisys,
Limbs & Things, Linn Products, Milmega, NanoSight, Russell IPM,
SELEX Galileo, Harrison Spinks, Stage One, Stanhope Seta, Survitec
Group, Tangle Teezer, Tenmat, Track Analysis Systems, Zeeko

Queens’ Award for Enterprise

EEF Manufacturer of the Year

Award Xtrac, Pryor Marking Technology

The benefits of utilising design as a strategic tool is apparent both from literatures and the
case study, and is particularly evident with the design-oriented awards winners where
business decisions to maximise the utilisation of design in a company yielded rewards in
increased production efficiency, sales and subsequent market share, profit, and by
attracting of new investment. These benefits improved companies’ market competitiveness,
exploitation of new markets (including overseas markets), and created an innovative
culture with greater structured employee involvement. It is at this level of business where a
‘design champion’ or design manager is likely to operate, taking on the role of an advocate
of design values within the company. In order for manufacturing companies to become

design-led businesses, this area of the design innovation spectrum is critical because it is
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the area where balanced decision-making must occur between business-oriented decisions
by top-level managements and the creative product/service decisions by the design

practitioners in the company.

5.3.3 Cases of corporate-level design thinking for organisational innovation

The research found that corporate-level design thinking can be used to improve
organisational innovation, including the business model, company culture, company vision
and strategy by using the methods and philosophy of design which emphasise creativity
and user-centred approaches. Furthermore, the extent of design involvement in the
manufacturing companies in the case study relies heavily on the drive or support from top-
level management. All companies listed in Table 5.4 demonstrate this quality: in order for
design innovation to thrive throughout the companies, by showing their commitment
through greater involvement in innovation projects, driving changes in the company, and
investing in NPD. These commitments - demonstrated in the testimonials and success
stories in winning the awards - may arguably be biased, as a top-level manager’s point of
view. It is also difficult to determine whether design thinking is used to manage changes in
these companies. However, the examples clearly show that the leaders place importance on
understanding the users and delivering the necessary products to meets their demands.
Design thinking in management places the users at the heart of innovation, clearly
demonstrating a major part of design thinking in practice. Furthermore, some companies
demonstrated their ability to use business model changes to drive innovation e.g.
Nightingale Care Beds started a bed-rental service for care homes, and ICI Paints used

their brand power to introduce a new line of brushes.

Table 5.4: List of companies demonstrating the presence of the ‘corporate-level design
thinking for organisational innovation’ area of design innovation spectrum

Origin of the Case Manufacturing Companies
DME Award Nightingale Care Beds, Thrislington Cubicles, Specialist Precast
Products

Touchline Flags, Lovair, GSK Consumer Healthcare-Environment,
TTI (AEG Powertools), ICI Paints (Dulux Perfect Finish)

Design Council Designing Gripple, James Heal, Naylor Industries, Owlstone Nanotech,
Demand Navetas, Sugru

Hadley Industries, Heat Trace, Irisys, Limbs & Things, Linn
Products, SELEX Galileo, Stage One, Zeeko

Xtrac

dba Effectiveness Award

Queens’ Award for Enterprise

EEF Manufacturer of the Year
Award
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Entrepreneurial companies are also likely to more enthusiastically implement changes for
the company as they discover new business possibilities while setting up the business (e.g.
Sugru and Irisys). Manufacturing companies not listed in the Table may also use corporate-
level design thinking in their management practice, but these were not obvious compared
to those listed in the table who showcased the leader’s commitment to innovation explicitly
throughout their promotional materials, websites, interviews and talks. Companies such as
Gripple demonstrate the managing director’s continuing commitment to improving
innovativeness in all areas of design innovation e.g. the company runs a regular internal
ideas competition to encourage idea-sharing and collaboration in the company and increase

innovative culture.

Continued innovation is important for the company to stay competitive in a rapidly
changing market. Unfortunately some companies included in this study have been
liquidated or show very limited activities. While there may be several reasons for this, it is
a reminder that recognition as an innovative manufacturing company does not necessarily
guarantee continued success without top-level managers’ commitment to adopt to the ever-

changing market.

5.4 Chapter summary

The design innovation spectrum illustrating the areas of design and innovation in a
business context has been contracted in this chapter. A case study of the innovative
manufacturing companies was conducted to identify the practical implications of each area

of the design innovation spectrum.

The design innovation spectrum includes the areas of ‘designing for technological, product
and service innovation’, ‘design strategy for process innovation’, and ‘corporate-level
design thinking for organisational innovation’. Evaluation of the design innovation
spectrum indicated general agreement of its comprehensiveness and the relationship
between design and innovation. Although opinions varied on the extent of design influence

within a business, the final design innovation spectrum was created to accommodate the
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potential issues. The final design innovation spectrum includes details of attributes using

the Kipling method to provide an overview of the business context in the spectrum.

The case study outlined the implications of each area of the spectrum. For designing for
technical, product and service innovation area it provided products which (i) solve specific
problems identified either by the users or by the company’s research (or the vision of the
founders/directors), (ii) meet users’ requirements, (iii) are desirable for their quality and/or
aesthetics, and (iv) are timely in the market. The design strategy for process innovation
provided improvements by (i) collaborating with external organisations, (ii) streamlining
production and the NPD process (lean manufacturing), e.g. by utilising automation and
CAD, (iii) providing a holistic overview of the process from concept to point of sale, and
(iv) allocating creative/collaborative space for employees. Finally, corporate-level design
thinking for the organisational innovation area emphasised the importance of support from

top-level management.

Using this comprehensive overview of design innovation in the innovative manufacturing
context, in Chapter 6, more detailed design innovation characteristics will be identified as
the basis of the design innovation framework. The characteristics will include design
actions, effects and subsequent benefit for innovative manufacturing companies as

identified from literature reviews and in-depth expert interviews.
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Chapter 6. Design Innovation Characteristics

6.1 Introduction

Chapter 5 explored the relationship between design and innovation in a business context
under the umbrella of the design innovation spectrum. This chapter discusses details of the
design innovation characteristics which form the design innovation spectrum (see Figure
6.1 for chapter overview), with particular reference to the interviews conducted with both
design and manufacturing experts (see Table 6.1) and literature reviews to identify the
design innovation actions, their effects and benefits in increasing innovativeness in
manufacturing companies. The interviews were conducted using a semi-structured face-to-
face method asking questions about the influence of design in innovation for UK
manufacturing companies. The responses were then collated to create a comprehensive list
of twenty design innovation characteristics derived from eighty-four design innovation

actions.

Table 6.1: Brief index of design innovation and manufacturing expert interviewees

Interviewees Organisation
Design DE1, DE2, DE3, DE4, DE5 Design Consultancy
Innovation DE6, DE7, DE8 Design Promotion and Support
Organisation (NGO)
DE9, DE10, DE11 Governmental Innovation Support
Organisation
Manufacturing ME1, ME2, ME3, ME4, ME5, MES6, | UK Innovative  manufacturing
ME7, ME8, ME9, ME10, ME11 Business

Note: See Chapter 3 for detailed descriptions of the interviewees

The research indicates that among design practitioners’ and design thinkers’ most
influential capabilities are empathy and holistic thinking, through which their creativity is
manifested in identifying, understanding and problem-solving (Cooper and Press, 1995,
Mozota, 2002, Nelson and Stolterman, 2012). These capabilities are used both in the NPD
process to produce an artefact or service, and in almost all areas of manufacturing business
(Brown, 2005, Sawhney and Prahalad, 2010, Best, 2011). They are also essential traits if a

company aspires to become more innovative (Bruce and Bessant, 2002a, CEC, 2009). As
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explained in the previous chapter, design capabilities in different areas of the design
spectrum can indeed influence all areas of innovation including improving processes,
defining company goals and vision, creating better business models, and creating
innovation culture within the business. This is demonstrated in the interviews with the
design experts and in much of the literature identifying that empathy is an essential trait
which ensures that design practitioners and design thinkers have a deep understanding of
customers’ and employees’ requirements, whether the customers are the end-user
(consumer, B2C) or other businesses (B2B). Another essential ability of design
practitioners and design thinkers is their ability to see a problem holistically, also referred
as ‘system thinking’ (Jenkins, 2008): the ability to identify both immediate area of
improvements and fundamental changes which can provide longer-term improvements.
Design practitioners and design thinkers are thus able to identify users’ problems and
needs and provide both short-term and long-term solutions.

Introduction

:

Design innovation characteristic
formulation
T

Characteristics in ‘designing for
technological/product/service innovation’
L | I

Characteristics in ‘design strategy
for process innovation’

I i
Characteristics in ‘corporate-level design

thinking for organisational innovation’

|

Design innovation characteristics
in the design innovation spectrum
T
Designing for technological/
product/service innovation
|

Design strategy for process innovation

I
Corporate-level design thinking
for organisational innovation

|

Chapter summary

Figure 6.1: Chapter map

145



6.2 Design innovation characteristic formulation

Design practitioners’ and design thinkers’ capabilities are essential characteristics of
design innovation, as derived from interviews with design and manufacturing experts,
which were analysed using the system of coding (cycle of open, axial and selective coding)
technique (explained in Chapter 3). The final cycle of coding process, the selective coding,
created list of design innovation characteristics (see Table 6.2). The impact of each
characteristic is identified by analysing the immediate changes derived from the
research/data/action for each characteristic, loosely identifying whether the outcomes of
those changes are mainly internal to the company e.g. the product development process,
external to the company e.g. creating a product with appropriate functions for target users,
or both (internal and external). It provides immediate recognition of the areas of influence
of each characteristic, but such categorisation is inevitably prone to different perspectives.
Further evaluation was thus conducted to ensure it was acceptable to the design and
manufacturing experts (evaluation, see Chapter 7). It is also important to note that since
most characteristics have interlinking relationships, as they share the same ultimate goal of
improving innovativeness and enabling sustainable growth, overlapping design innovation

actions are observed with different characteristics.

Table 6.2: Brief descriptions of design innovation characteristics

Design Design Place of

Innovation Innovation immediate Brief Descriptions

Spectrum Characteristics impact
Technology Internal and | Holistic scanning and capturing technological
Development/ external developments in and out of the company to be
Utilisation used in products/services
Quality Internal Ensuring development of high quality products
Improvement both technically (to help reduce failure and

increase effective production) and visually
(perception of high quality)

Designing for

technological Computer Aided Internal U_tilisgtiorj of CAD_/CAM to enab_le effect_ive
and Design (CAD) wsu_allsatlon and wrtual prototyping leading to
product/service flexible manufacturing
: . Technical Design Internal and | Optimisation of product functions and
innovation . X
external components for effective production and
assembly (DFM/A)
Aesthetics Internal and | Increasing desirability of products/services for
external emotional added-value for the customers
Function/Usability | Internal and | Ensuring appropriate functions and measures are
external embedded within products/services which are

intuitive to use and easy to maintain
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Product/Service Internal and | Effective communication of the value of
Value Promotion external products/services to customers, potential
customers and employees
Graphics/Website | Internal and | Utilisation of creative graphics on (including Ul)
external and around (packaging and promotional materials,
websites) the product/services
User Internal and | Understanding of and empathy towards customers
Need/Demand external to identify their needs and demands for existing
and potential new products/services
Market External Holistic scanning of the current market to identify
Need/Demand needs and demands, and scouting for potential
new markets to exploit (including exports)
Feasibility Testing | Internal and | Early and frequent prototyping to test feasibility
(Prototyping) external for both form and function and for
manufacturability of products/services to
minimise risk of failure
Knowledge Internal Ensuring appropriate tacit knowledge
Capture/Transfer (employees’ experience) are captured (often
(KM) digitally) and transferred on demand
External External Collaboration with customers, suppliers and
Design strategy | Collaboration external agencies to assist product/service
for process (customer co- development (co-creation) and allow
innovation creation) customisation both on product and process (open
innovation)
Internal Internal Breaking down hierarchical barriers in a company
Collaboration by increasing effective internal communication,
(Cross-positional, and encouraging collaboration between
Interdepartmental) departments to share insights to enable cross-
pollination
Physical Work Internal Creating a physical work environment which is
Environment exciting to work in and encourages collaboration
Top-level Internal Appreciation of the importance of design
Management innovation by top-level management with design
Support innovation champions in a company to encourage
company-wide design adaptation
Investments Internal and | Holistic analysis of the areas requiring more
external resources in order to enable innovation culture
and invest or help secure external investments
Corporate-level - ; —
design thinking Cgmpany Internal and | Creation of a company’s shgred'wsm'n and values
for Vision/Values external to enable effective communication with _
_— employees and encourage employee ownership
organisational S
innovation - - and d_e(_jlca_tlon -
Unique Selling Internal and | Identification or creation of the USP of
Proposition (USP) | external products/services and the company itself to
differentiate them in the competitive market
Business Model Internal and | Evaluation of current sales channels and overall
external business practices to identify improvements or to

create more effective channels to maximise profit
and customer reach.

Each characteristic consists of design innovation (i) action, (ii) effects and (iii) benefits.

The actions comprise design innovation activities, as identified by the expert interviewees.

These include activities for all areas of design innovation, as identified in the design

innovation spectrum (see Chapter 5). The effects of design innovation include both the
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tangible (e.g. increase production efficiency) and the intangible (e.g. increase employee
engagement) outcomes of the actions. Combining these effects creates impact on
manufacturing companies. In this research, the impacts are labelled ‘benefits of design

innovation’.

6.2.1 Characteristics in ‘designing for technological/product/service innovation’ area
In this section, the design innovation characteristics are identified to be mainly within the
boundary of ‘designing for technological/product/service innovation’ area within the
design innovation spectrum including: (i) technology development/utilisation, (ii) quality
improvement, (iii) Computer Aided Design (CAD), (iv) technical design, (v) aesthetics, (vi)
function/usability, (vii) product/service value promotion, (ix) graphics/website, (X) user
need/demand, and (xi) market need/demand (Table 6.3). Design innovation characteristics
placement within the design innovation spectrum is further discussed in Section 6.3.

Table 6.3: Design innovation characteristics within the *designing for technological and
product/service innovation’ area of the design innovation spectrum

Design Innovation Design Innovation Characteristics Place of immediate

Spectrum change (impact)
Technology development/utilisation Internal and external
Quality improvement Internal
Computer Aided Design (CAD) Internal

Designing for Technical design Internal and external

technological and Aesthetics Internal and external

product/service Function/Usability Internal and external

innovation Product/Service value promotion Internal and external
Graphics/Website Internal and external
User needs/demands Internal and external
Market needs/demands External

6.2.1.1 Technology development/utilisation

In the first generation of innovation process (Rothwell, 1994), ‘technology push’ was the
major innovation initiative in the 1950s and mid-60s. The technology-based innovation
process has become more complex over the years with overlapping considerations,
including R&D, innovation decision, marketing, manufacturing and capital capabilities
(Wang et al., 2008). Utilisation of technology is supported by the UK government through
Technology and Innovation Centres across the UK to deliver new/improved products and
processes (TSB, 2011b). The development of new technologies through scientific
discoveries and/or R&D can be an enabler for better products, manufacturing processes
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and services. In this environment, the research has found three major design functions: (i)
commercialisation of new technologies into the market, (ii) use of appropriate technologies
to provide an optimised solution for an immediate problem, and (iii) identification of needs

to engage specified technology development.

The majority of the design experts identified the importance of design in effective
technology utilisation. In order for a company to have design innovation characteristics,
the research identified design innovation actions in technology scouting (interviewees DE1,
DE2, DE4, DE5, DE6, DE8 and DE10), technology adoption (interviewees DE1, DE2,
DE3, DE4, DE8 and DE11), and initiation of technology development (interviewees DE2,
DE3, DE4, DE9, DE10 and DE11). Technology scouting is the ability of designers to look
for wider areas of technologies by “thinking outside the box” (interviewee DE1) in order to
solve a problem, and technology adoption is applying technologies developed internally or
externally to create and/or improve products which are appropriate for the market and the
users. For example, interviewee DE2 mentioned a bio-experimental equipment project led
by his consultancy, where the application of new technology, originally developed for
other applications, resulted in creating a range of products which were easier to use and
more efficient. Furthermore, input from designers to understand both market and
customers can reduce the risk of R&D failure by providing a market-appropriate R&D
direction (interviewee DE3). These actions are not limited to technologies used in a
product or service, but also include technologies in the production process e.g. interviewee
ME3 mentioned a designer’s critical input to using new injection moulding technology in

the manufacturing process to provide a better quality consumer product.

Technology Utilisation

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Produce technologically advanced

Technology scouting products Problem/Opportunity Identification
Appropriate technology adoption Increase production efficiency Innovat[i)veevePlroopclmuztrﬁSeNice :|
Identification of technology gap Reduce risk in R&D ; Efficient Process Development
Figure 6.2: Details of design innovation characteristics for technology development and
utilisation
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The importance of technology utilisation characteristics is further emphasised by the UK
government’s manufacturing support organisation which provides design mentoring for
businesses wishing to apply for a grant for commercialisation of technologies (interviewee
DE10). Thus, as illustrated in Figure 6.2, the primary effects of the design innovation
characteristics in technology utilisation are in innovative product/service development and
effective process development. Further influences include problem/opportunity
identification derived from the innovative product/service development, where the iterative
process of scouting and adopting technology can help discover new problems and
opportunities for products and services under development.

6.2.1.2 Quality improvement

The research found that one of the most important aspects of a product or service is quality,
according to many manufacturing experts (interviewees ME2, ME5, ME6, MES, and MED9).
Bentley (1999:1) uses the British Standard (BS 5750) to define quality as “the totality of
features and characteristics of a product, process or service that bear on its ability to satisfy
stated or implied needs”. Hoyle (2007) also concurs with the manufacturing experts by
stating that quality is one of three fundamental criteria determining the saleability of
products or services, together with price and delivery. An international standard (ISO 9000
series) has been used to assess a company’s ability to provide quality in their practices, and
is often used by manufacturing companies to showcase their commitment to quality. The
ISO 9000 series defines quality similarly to Total Quality Management (TQM), which
includes expansive elements of business which contribute to better quality practices and
outcomes. However, the term ‘quality’ has more focused meaning when referring to the

characteristics in this section, which is directly related to products/services.

Quality can be determined by many factors: design management and product design
performance both play a significant role (Ahire and Dreyfus, 2000), which is echoed by
both manufacturing and design experts, suggesting that design has characteristics which
provide consistently high quality products and services. Firstly, the product or service
design can be developed in accordance with the required level of quality. Design
practitioners help identify customer expectations by understanding their underlying issues

through design research methods, including observation (interviewees DE1 and DE2),
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often exceeding these expectations to provide greater perception of quality to the users
(interviewee DE4). The information gathered is then used to develop a product or service,
usually with the simplest components to reduce the number of breakdowns and provide
consistent quality throughout the life of the product. The role of engineering design is
emphasised in this task, where components and assembly structures are designed for
minimum risk of failure during operation. Most of the manufacturing experts discussed this
vital role of design (interviewees ME2, ME3, ME5, ME6, ME7, and ME9) which can be
achieved by simplifying the components used, and choosing appropriate materials and
production methods. These methods are also discussed by Boothroyd et al (2002), noting
that appropriate use of design for manufacturing and assembly (DFM/A) can also benefit
by reducing the cost of manufacturing and assembly. Furthermore, interviewees MEZ10,
ME11, DE1 and DE2 discussed a design innovation action which creates products with
easy access to service (serviceability) in the later stage of its life if a failure occurs. This
helps both users and service technicians to easily fix the problem and maintain the quality

of the product.

Aesthetically, design can also assist by providing the perception of a high quality product -
the third biggest impact of design (Mozota, 2002). This is also apparent when users have
difficulty in directly assessing the quality (Berkowitz, 1987). Interviewee ME5’s company
produces filters for the oil industry which are only visible when it is being placed in the
pipe and are then hidden from view until the end of their life. However, they use high-
quality tactile materials with beautiful packaging to manifest the product’s quality to the
client company’s technicians. Such attention to detail gives the impression of high quality
among other competitors offering cheaper alternatives. In order to achieve the perception
of quality, interviewee ME5 and design experts interviewees DE2, DE5 and DE11 all

stressed the importance of consistency.

The research identified the effects of quality improvement characteristics by design
innovation (see Figure 6.3), including reduction in defects and failures and increased
service efficiency, quality appearance, and desirability. All these effects are related to
innovative product/service development, where quality is a deciding factor in commercial

success. Furthermore, by developing innovative products/services, the process of quality
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management (TQM) and quality assurance (QA) processes are likely to become more

effective in managing the quality of products/services.

Quality Improvement

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Identify level of quality demands Reduce defects in production

Simple component design Reduce product/service failure
Innovative Product/Service

- - Development
Increse servicing/maintenace

Design for effective assembly efficiency

Efficient Process Development
Design for ease of

. h Increase appearance of qualit
servicing/maintenance PP q y

Improving product aesthetics Increase product/service desirability

Figure 6.3: Details of design innovation characteristics for quality improvements

6.2.1.3 Computer Aided Design (CAD)

Automation by using CAD and computer aided manufacturing (CAM) is an important
element in optimising manufacturing process and enabling flexible manufacturing. As the
name suggests, CAD is the process which creates virtual three-dimensional models and
two-dimensional drawings of products (Bryden, 2014). Interviewee DE2 suggests that
recently reduced CAD software costs have “made an astonishing difference” in expanding
its usage by design practitioners to reduce the design delivery time from conceptual design
to design for production by digitising ideas, while improving visualisation (interviewees
DE2 and DES5). Similarly, Best (2006) argues that visualisation is among a design team’s
key abilities and CAD renderings help achieve this more effectively. However, as Pugh
(1996) points out, CAD in manufacturing companies is often used only in the later stages
of product developments by the engineers. It is used as a virtual prototyping tool to
simulate material property testing, raw material waste calculation, assembly processes etc.,
to ensure optimum choices can be made (interviewee ME1). Furthermore, manufacturing
companies have utilised the capability of CAD and subsequent CAM in the production
process to increase product accuracy by using CNC machines (interviewees ME5 and
ME9). The advantage of using CAD is being recognised by manufacturers with continuing
investment in both software and subsequent training (interviewee ME2). Boer and During
(2000) found that most successful flexible manufacturing systems (FMS) practitioners are
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likely to have experience of implementing CAD/CAM systems. Interviewees ME5 and
MES9 concurred with this when discussing the use of CAD/CAM to increase flexibility in
both the ‘designing’” and ‘production’ stages of manufacturing. Furthermore, with
increased interest in 3D printing technology, the importance of CAD capabilities is

becoming more apparent in manufacturing (interviewee MEG).

Computer Aided Design (CAD)

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Enable fast virtual testing

Utilise CAD in product development
Reduce design delivery time
Digitise ideas Clear Communication

Increase accu racy

Connect design with

CAM/production automation Efficient Process Development

Enable flexible manufacturing
Better visualisation of concepts

Better communicate ideas

Figure 6.4: Details of design innovation characteristics for CAD

The research found that CAD as a design innovation characteristic enhances
communication of ideas, concepts and final designs (see Figure 6.4). It also contributes
toward creating efficient processes with greater accuracy and shorter design delivery time
and helps enable flexible manufacturing through quickly changing specifications according

to the demands of the production process or of the clients.

6.2.1.4 Technical design

Technical design refers to the part of design which solves technical issues for product
creation and production process (Livesey and Moultrie, 2009). It is also described as a
‘technical ability’ of design practitioners, such as the ability of using CAD software (ME5),
visualising ideas (ME2), aesthetical improvements of products and promotional materials
(ME8 and MED9). Therefore, the technical design has two sides: one is about solving
problem for the product itself, and the other is design practitioners’ technical ability to
actually design a product. Both are closely related to DFM/A and engineering design,
which aims to increase manufacturability of products and efficiency in product assembly,
while also focusing on the functionality of a product (DE1, DE2, DE7, DES, DED9).
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Current understanding of design by innovative UK manufacturing companies is mostly of
technical design (see Chapters 4 and 5), the area of design most heavily invested in by
manufacturers, representing over 90 per cent of total design spending (Livesey and
Moultrie, 2009). This was reflected in the interviews, almost all interviewees suggesting
that technical design is one of the most apparent characteristics of design innovation
recognised by the manufacturing companies. According to Boothroyd et al (2011), DFM/A
implementation benefits include cost savings, ease of design, reduced development costs,
streamlining the development cycle, improved project timelines, and a reduction in
resources needed for a project. For example, in the manual assembly situation, designing
parts which do not tangle or jam when stored in bulk, or providing chamfers to allow easy
insertion. In order to achieve these, Balachandra and Friar (1997) suggest effective
prototyping and concept evaluation, which concurs with interviewee MEG’S view.
Interviewees DE2 and DE5 also mentioned designing modular platforms which are shared
across a product range to further increase efficiency and cost savings, help reduce waste in
defects, inventory, processing, waiting, motion, transportation, and overproduction, the
seven major areas Lean manufacturing must address — regarded as an important way to

increase the company’s efficiency and innovativeness (Moody, 2001).

Technical Design

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase manufacturability

Solve technical problems

Increase assembly process efficiency
Innovative Product/Service

Design for product function Development

Increase usability
Increase platform sharing Efficient Process Development
Increase product efficiency
Design for better assembly process

Reduce waste (Lean)

Figure 6.5: Details of design innovation characteristics for technical design

Technical design as a design innovation characteristic is the most recognised element of
design where it forms a major part of design as a functional activity for manufacturing

companies. It is closely linked with the technical terms CAD and ‘function/usability” as it
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can be a source of those characteristics. The research demonstrates the actions taken by
technical design in the NPD environment (see Figure 6.5). It is a critical element in

developing innovative products/services and efficient production and assembly processes.

6.2.1.5 Aesthetics

All interviewees agreed that a product’s pleasing aesthetics or appearance are among the
most obvious benefits of design. A product’s aesthetic appeal is determined by shape,
colour, size and material used (Poli, 2001). However, the nature of manufacturing can
dramatically change the emphasis of aesthetics. Customer facing manufacturing companies
(B2C) are more likely to place aesthetics higher up the agenda and use it as a design
innovation strategy (Berkowitz, 1987) than that of B2B or Tier 1 Manufacturing
companies where they are less inclined to put aesthetics at the same level as functionality
(interviewees DE6, DE7 and DE10). Some B2B or Tier 1 manufacturing companies may
be more concerned about the appearance of publicity materials (brochures, exhibition
poster and stands etc.,) as far as the aesthetics are concerned. Interviewee ME9 commented
candidly about use of design, saying, “we give all the information [for a brochure] and they
[the external design agency] make it look nice.” This is certainly a part of designing for
aesthetics, but Yamamoto and Lambert (1994: 309) state that “More than simply the
creation of pleasing product shapes and styles, the industrial design role in product
development can be viewed as a communicator of the firm's quality image and product
integrity.” Interviewees ME5, ME6, MES8 and almost all design experts agreed with this
statement and explained that the aesthetic adds emotional value to the products and
subsequently has a positive effect on the brand itself. In order to achieve this, consistent
cues in aesthetics across the range of products and communications materials are important
to convey the desired brand message which also influences improved publicity materials
(interviewees DE2, DE5 and DE11). The aesthetics characteristic of design innovation can
also be used as a fashion statement for a product to increase desirability where trends in
colour, shape and materials are appropriately applied to create added value for the product
(interviewees DE1 and DES5). Aesthetics can also be heavily determined by a product’s
specific function. Interviewee DE5 discussed the distinct shape of the Japanese Shinkansen
(the ‘bullet train’), which is designed to decrease drag coefficient to maximise

functionality rather than to create- a typical example of form following function.
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The research found that aesthetics as a design innovation characteristic act to communicate
quality, convey brand message, leading trends which can also be determined by a product’s
function - actions which result in clearer communication and help develop innovative
products/services through increased desirability, adding product brand values, enhancing
communication and the function of products/services (see Figure 6.6).

Aesthetics

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase brand value

Form following function

Improve communication
Communicate quality
Increase desirability
Convey brand message Clear Communication
Added value of products
Leading trends Innovative Productive/Service
ing tre Development

Enhance function of product/service

Figure 6.6: Details of design innovation characteristics for aesthetics

6.2.1.6 Function/Usability

Function and usability are among the most fundamental values of a product or service.
Their successful acceptance in the market heavily depend on a deep understanding of both
market and users, identifying the optimum level of functional features with intuitive user
experiences (interviewees DE1, DE3, DE4 and DE11). For B2B manufacturing companies,
the users include their clients. The innovative manufacturing companies studied in this
research identified the importance of understanding their clients’ needs, especially when
providing bespoke products/services. This is commonly identified as competitive
advantage against overseas manufacturers who are likely to have a slower response to
clients’ changing demands (interviewees ME2, ME4, ME5 and ME11). Providing a
bespoke product, part of flexible manufacturing, requires continued dialogue between
manufacturer and clients. In a design process, this collaboration is optimised to provide
accurate solutions which meet client requirements (interviewee DE9). Furthermore, design
as a creative agent can be used to help identify the required functions for products/services

by holistically reviewing the needs of the users or systems using the product (interviewee
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DE1). Design research - including the customer journey, target audience preferences and
ergonomic requirements (interviewees DE1, DE2, DE5 and DE11) - all contribute towards
designing products/services which provide appropriate functions and intuitive usability to

increase user experience and satisfaction (interviewees ME3, DE1, DE2 and DES).

Function/Usability

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Identification of functional needs Enable flexible manufacturing
Understand/Predict user behaviour Fast adoption to changing needs
Clear Communication
Utilise Ergonomics Increase customer satisfaction
Innovative Product/Service
Development
Understand customer journey Increase brand loyalty
Exceed user expectation Improve user experience

Figure 6.7: Details of design innovation characteristics for function/usability

Manufacturing experts, especially from B2B oriented manufacturing companies, focus on
the products’ functions and place emphasis on meeting specifications on time and on
budget. At the same time, the design experts provided insight into how to identify and
exceed the users’ expectations whilst using a product/service. In order to develop
innovative products/services, both viewpoints are important because they address the core
product/service value to the customers (see Figure 6.7). However, ‘appropriateness’ of
both function and usability is considered with caution because it is easy to over-engineer or
include unnecessary functions in a product (MEG6). Successful execution of design
innovation actions in the NPD process can enable greater understanding of the functions
and usability of products/services, with the secondary benefit of providing clear

communication internally (with employees) and externally (with users).

6.2.1.7 Product/Service value promotion
Value, according to Sweeny and Soutar (2001), comprises quality, emotional, price and
social dimensions, the milestones manufacturing companies attempt to deliver to their

customers through their products/services. In the previous sections, the research addressed
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how well-designed products/services with desirable aesthetics, appropriate functionalities
and intuitive usability can increase the perception of a product or brand’s quality. However,
it can be difficult in the globalised market to promote product/service value to target
audiences where there is likely to be a competitor selling similar products/services
(interviewee ME10). Manufacturing companies use design to make a brochure “look good”
(interviewee ME9). Another manufacturing expert (interviewee ME8) mentioned that a
well-designed booth in a trade-show, denoting quality, attracts more buyers. This aspect of
design provides visual communication intended to increase understanding of the
product/service values. However, design can also help manufacturing companies to
understand the target audience better, with a wider commercial perspectives (DC, 2012b),
to promote the emotional and social dimensions of product/service values (interviewee
DE1 and DES5). Moreover, design practitioners equipped with this user information can
identify effective and creative promotion methods by embracing various possibilities
including using both digital and printed medias as well as utilising the packaging to
promote the value of the product/service and the brand itself (interviewees DE1, DE6, DE7
and DE8). Moreover, these design innovation actions can also be used internally, where
clearly promoting product value can help increase employee pride (interviewee DEG).

Product/Service Value Promotion

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase product/service
understanding
Visual communication

Increase brand awareness Extensive Collaboration
Identify effective promotion methods

Effective communication Clear Communication
Understanding of the target audience

Increase desirability

Figure 6.8: Details of design innovation characteristics for product/service value promotion

Promoting product/service value can be seen as a straightforward design task, according to
some manufacturing experts. However, their ability to enhance understanding of
products/services and subsequently the brand should not be overlooked. This design
innovation characteristic also provides effect communication and increased desirability

(see Figure 6.8). The benefit of product/service value promotion as a characteristic of
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design innovation thus engenders clear communication, which in turn can have secondary
influences on collaboration by enhancing stakeholders’ understanding of the value of the

products/services.

6.2.1.8 Graphics/Website

Manufacturing companies also recognise graphics as a form of design, albeit with very
limited functions such as creating promotional materials and websites (interviewees ME7
and ME9). Manufacturing companies, usually SME companies without graphic design
professionals, usually contract out this work to an external agency in conjunction with
marketing. However, graphics has greater implications in creating products/services which
are engaging to use, and enhance the company’s branding (interviewees DE1, DE6 and
DE?7). Furthermore, intuitive control graphics on a user interface can increase the ease of
use (interviewee DE1). Its importance was identified by several design experts
(interviewees DE1, DE2, DE5, DE6 and DE10) because preliminary customer engagement
occurs amongst the various touch-points of products/services, whether on a shelf, in a
catalogue or on a website. Skilfully executed graphics also communicate information
clearly and effectively both internally and externally. The internal communication
(branding) is important in creating shared understanding of the company and thus a better
work culture. A visual representation of the business vision and strategy can simplify,
clarify and alleviate confusion on a topic which can be hard to comprehend (Phaal and
Muller, 2009). It can also promote a company’s emotional values to maximise employee
attachment to the brand, leading to increased loyalty and ownership (interviewee DE11).
Similar qualities also apply to the external use of graphics. Intrinsic to the aesthetics of a
product/service, it provides added branding value easily recognisable by customers
(interviewees DE1 and DE6). Furthermore, by clearly demonstrating values of yet-to-be
launched products/services it creates a sense of anticipation, which can help win contracts
and further investments (interviewees DE6 and DE7). An intuitive graphic interface with
simple and clear instructions for products/services also increases perceived quality and can
therefore be a competitive advantage (interviewees ME5, ME7, ME9, DE1, DE3, DE5 and
DEG). The clarity of instruction is also closely linked with the usability and serviceability

of the product/service (interviewee DEL).
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Graphics/Website

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Intuitive graphic interface Increase usability
Extensive Collaboration ]
Consistent branding Improve user experience :|
Clear Communication
Clear communication Increase desirability
Innovative Product/Service
Development
Attractive promotional material Improve chances of investments
Work Culture/Environment

- Improvement
Increase brand/product/service

Engaging website understanding

Figure 6.9: Details of design innovation characteristics for graphics/website

The effects of graphics as a design innovation characteristic can be observed in various
areas of manufacturing companies. The research has identified the three major effects of
graphics. Firstly, it is used as a means to visually and effectively communicate messages,
both internally and externally, as an aid to better branding. Secondly, it is embedded in a
user interface to increase usability and user experience. Thirdly, using trendy graphics on a
product, packaging, promotional materials and/or websites, can attract further customers
and increase the desirability of the product/service. Therefore the graphic/website
characteristic provides the benefits of creating clear communication, developing innovative
products/services and improving the work culture/environment (see Figure 6.9). The
improved understanding of brand, product and service through clear communication and
subsequent work culture/environment improvement also provides secondary benefits for
improving collaboration both internally and externally by ensuring mutual understanding
between the stakeholders.

6.2.1.9 User needs/demands

Design practitioners’ research tools include interviews, focus groups, workshops, customer
journey mapping and observation etc., to understand the users (Kumar, 2013). These
methods are usually planned and initiated by design practitioners (or design managers)
within or external to manufacturing companies in conjunction with marketing
(interviewees DE1, DE2, DE3, DE5 and DES8). The users concerned in this section include
both internal (employees) and external (consumers, client companies) people who engage
with and buy-into the outcome of the design, whether artefacts, services and/or processes.
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Discussion with both manufacturing and design experts has been predominantly about the
external users. However, inclusion of internal people as users was suggested by design
experts who believed the extensive influences of design also expand to creatively cater for
the needs and demands of internal staff to create an exciting environment they are proud to
work for (interviewees DE3, DE6, DE7 and DES).

The importance of design to understanding the users’ needs and demands to achieve
successful innovation is emphasised ubiquitously in much research. A recent Design
Council study of design investment by business leaders (DC, 2014) emphasises this
characteristic of design innovation as a route to radical innovation. Empathy is a key
design quality which can provide insight into users and their surroundings (Cooper and
Evans, 2006). Predictably, all the design experts commented that understanding and
empathising with users’ needs and demands is decisive factor that determines the success
or failure of products/services. The manufacturing experts also concurred on the
importance of understanding user/client demand. However, they also mentioned that the
nature of a business can limit the willingness of user understanding e.g. B2B companies,
especially the suppliers (Tier 1 or Tier 2 onward), are less conscious of the final users’
needs and are likely to produce products/services only conforming to their clients’
specifications (ME6, MES8). This is ‘passive user understanding’ in comparison with a
more ‘proactive user understanding’ mentioned by all the design experts and some
manufacturing experts (ME3, ME4, ME9) which adds value to products/services by
forecasting future user demand through a deeper, more comprehensive understanding of
user demands and behaviours. Interviewee DE4 emphasised this, using the term ‘standards’
and ‘extras’ where “there is an expectation to deliver standard... adding the extras to it
[partly through design] is delighting the consumer”. Importantly, this can contribute
towards prioritising user need/demand and formulating a company’s strategic direction to

deliver added value to its customers, thereby increasing its competitiveness.

The benefits gained from user need/demand characteristic of design innovation (Figure
6.10) are: (i) problem/opportunity identification, where understanding the users’
requirements is fundamental to developing a product/service, (ii) clear communication,

whereby user insights are effectively distributed across a company, and (iii) innovative
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product/service development as user understanding and prioritised user need/demand can
be effectively used to create a product which exceeds expectations. Furthermore, when
applied internally, employees’ needs/demands can be understood much more clearly. It

therefore has secondary benefit in creating a better work culture/environment.

User Need/Demand
Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Identify customer journey Understanding user requireemts
Problem/Opportunity Identification |——
Empathise with the users Increase desirability

Clear Communication

Utilisation of design

tesearch methods Produce befitting product/service

Innovative Productive/Service
Development
Prioritise user need/demand Increase user satisfaction

Work Culture/Environment
Improvement —

Forecast future need/demand Increase customer base

Figure 6.10: Details of design innovation characteristics for user need/demand

6.2.1.10 Market needs/demands

To be successful in a market, a company must be in tune with market needs and demands,
or there is a chance of market rejection of the product or service, even with advanced
technology, because of being ‘ahead of its time’ (Sawhney and Prahalad, 2010). A
company can deliver successful products/services for a market in two ways. One is ‘market
pull’- as described by Rothwell (1994) - where a market need is identified and
products/services development responds to take advantage of the opportunity by
addressing that need in the appropriate timeframe. Another approach is exploring or
creating a new markets with a company’s existing technologies or competencies to
increase sales and market share (interviewee DES8), similar to the ‘technology push’ also
described by Rothwell (1994), the route often taken by research-based technology start-up
companies. The advantage of the former approach is that the company can reduce risks in
launching a new product/service, whereas the second approach can reduce the cost and
time in technology or new product development in launching products/services in a market
(interviewees ME6, DE2 and DE9). Both approaches require a company’s deep
understanding of changes in their current market segment and a holistic view of other

162



markets they could exploit (Mosey, 2005), and a good knowledge of the company’s
competence and limitations in existing and/or new markets. Almost all interviewees
recognised the direct link between appropriate market understanding and the success of
product/services. However, the design experts (interviewees DE2, DE3 and DE10)
emphasised the contribution of creative and holistic design approaches to provide a deeper

understanding of the market

The research indicates that design innovation actively scouts for market opportunities,
whether developing new products or introducing existing products or services to a new
market (interviewees DE5 and DEG6). This holistic approach to understanding the market
offers unexpected opportunities and areas of exploitation which can lead to increased
presence in the markets. Furthermore, current market competitors can also be better
understood by using design-led tools (interviewees DE1 and DEZ2) such as the
‘competitors-complementors map’ and strategic business tools e.g. ‘SWOT’ (Kumar,
2013). Prioritising possible product or service developments and/or improvements is vital
to increasing the chance of successful exploitation and staying competitive in the market
(interviewees DE4, DE6 and DES8) which requires collaborations internally and also with
external experts and organisations. This is also relevant for reacting promptly to market
changes where the companies are able to adapt quickly to new market demands and needs
(interviewees ME2 and DES8) to capture and retain market share, and increase profitability
(Tidd et al., 2005).

Market Need/Demand
Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Scout for new market opportunity

Understand current market
Understanding of new market Problem/Opportunity Identification
Increase market share
Identify competitions Clear Communication

Exploit new market
Innovative Product/Service

Prioritise improvements for market Development

Stay ahead of competitions

Fast adoption to changing market

Figure 6.11: Details of design innovation characteristics for market need/demand
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The market need/demand characteristic of design innovation provides holistic, yet detailed
understanding of the context of the market in which products/services are being used.
Through this design research, both problems and opportunities can be identified, clearly
communicating the priorities to meet the market needs/demands to the management of a
company. Furthermore, the exploration of the new market through prioritising
improvement on current product/service will be the basis of a design brief that will focus
development of innovative product/service that is likely to be successful in the market (see
Figure 6.11).

6.2.2 Characteristics in ‘design strategy for process innovation’ area

Design innovation characteristics identified in this section mainly have their action and
effect within the area of ‘designing for technological/product/service innovation’ in the
design innovation spectrum which shows the main actors and business level where main
decisions are undertaken. The characteristics include: (i) feasibility testing (prototyping),
(if) knowledge capture/transfer (part of Knowledge Management-KM), (iii) external
collaboration (customer co-creation), (iv) internal collaboration (cross-positional,
interdepartmental), and (v) physical work environment (Table 6.4). Design innovation
characteristics placement within the design innovation spectrum is further discussed in
Section 6.3.

Table 6.4: Design innovation characteristics within the ‘design strategy for process
innovation’ area of the design innovation spectrum

Design Innovation Design Innovation Characteristics Place of immediate

Spectrum change (impact)
Feasibility testing (prototyping) Internal and external
Knowledge capture/transfer (Knowledge Management- | Internal

Design strategy for KM) - -

. . External collaboration (customer co-creation) External

process innovation - —
Internal collaboration (Cross-positional, Internal
Interdepartmental)
Physical work environment Internal

6.2.2.1 Feasibility testing (prototyping)

Feasibility testing using prototyping is an integral part of a design process which translates
concepts or ideas into 2D or 3D forms. It aims to identify potential issues both in
production and user adoption in the early stage of product development in order to identify

possible flaws, reduce potential market failure points and increase consumer adoption
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(Hallgrimsson, 2012). Most of the manufacturing and design experts acknowledged the
importance of prototyping in various stages of NPD because it can help visualise the idea
better (interviewees DE1, DE2 and DES), test the manufacturability of the concept by
using methods such as rapid prototyping (interviewee MEG6), and identify user preferences
by testing a working prototype with potential users for a product or service’s function,
ergonomics (usability) and aesthetics (interviewees ME9, ME11, DE1, DE2 and DES5). The
research also identified that frequent prototyping generally has higher impact on product or
service adoptability by reducing the risk of product or service failure (interviewees ME10,
DE6 and DE8). However, because of budget and time constraints (including staff time and
financial resources), it is not always possible to carry out the feasibility testing as often as
desired (interviewee ME10). Furthermore, interviewee DE4 sceptically commented on user
testing because sometimes their product or functional preferences in a test environment
does not guarantee product purchase. The test result must therefore be analysed cautiously,

to increase chances of success in a market.

The principle of prototyping is also implemented in the corporate design thinking process
for business development where it is used to test a business concept in order to reduce
business risks (Brown, 2008, Liedtka and Ogilvie, 2011). Early detection of problems is
considered important in enhancing innovativeness (Bessant and Tidd, 2007, von Stamm,
2008) and prototyping provides this insight both quickly, by articulating ideas using crude
prototypes, e.g. cardboard models and rapid prototyping, and thoroughly, by using working

prototypes visually and functionally similar to the final product.

Feasibility Testing (Prototyping)
Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Frequent prototyping

Early problem/defects detection Problem/Opportunity Identification

Visualise concepts
Innovative Product/Service

Minimise product/service failure
Development

Identify user preferences
Increase production efficiency Efficient Process Development

Test manufacturability

Figure 6.12: Details of design innovation characteristics for feasibility testing (prototyping)
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Figure 6.12 describes the benefit of feasibility testing as a characteristic of design
innovation which includes enabling more accurate problem/opportunity identification,
innovative product/service development more relevant to the end-users, and efficient
process development by early detection of potential production issues early in the
development stage.

6.2.2.2 Knowledge capture/transfer (Knowledge Management- KM)

Knowledge is an important asset for any company to increases competitive advantage
(Soosay and Hyland, 2008) and improves organisational performance (O'Dell and Grayson
Jr., 1998), and is especially difficult to capture and utilise, especially when based on
employees’ (tacit) experience (Nonaka, 2007). Bertola and Teixeira (2003) describe three
types of knowledge in which design, as a knowledge agent, supports the development of
business innovation: ‘users’ community knowledge’, ‘organisational knowledge’, and
‘network knowledge’. In this section, organisational knowledge is considered because
other types of knowledge are considered under different design innovation characteristics.
Interviewees ME3, ME5 and ME7 (who all indicated the importance of knowledge transfer)
concurred with the literature findings about the importance of knowledge. Interviewees
ME5 and ME7 indicated that they use a computerised system to attempt to capture
knowledge gained from development projects. However, they also recognised the problem
of accessing the appropriate knowledge for a given situation. Interviewee ME3 also
mentioned the loss of knowledge when a long-term employee retires or leaves the
company. Knowledge management usually includes capturing, improving and
disseminating knowledge to the appropriate people at the right time (BSI, 2001, Nonaka,
2007). A design expert (interviewee DE1) explained that design provides visual, user
friendly knowledge pool for other employees, normally in the form of presentation boards,
where the appropriate source of knowledge can be quickly and easily accessed. Teagarden
and Schotter (2013), and interviewees DE3, DE5 and DE11, also described how design
uses creative tools such as mind-mapping and brainstorming to help extract tacit
knowledge from employees across different departments. This is closely related to how
design encourages internal collaboration and organisational culture which results in
increased innovativeness (Lemon and Sahota, 2004). Furthermore, as the source of

knowledge can vary depending on the context in which it is to be used, it is also important
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to review the potential source of knowledge and methods to extract knowledge effectively
(DEB8). Design practitioners’ holistic perspective of the NPD process helps them to identify
the expertise required in the different stages of the process. This requires a good overview
of the strength of employees or departments, hence support from senior level managers is
essential to effectively working as ‘knowledge agents’ for the company (interviewees DE1,
DE3 and DE5).

Knowledge Capture/Transfer (KM)

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase efficiency of

Visualise knowlege pool knowledge access

Extensive Collaboration

Identify the expertise required

in NPD Increase ease of knowledge catputre

Efficient Process Development

Improve articulation of experiences Enable better transfer of knowledge

Figure 6.13: Details of design innovation characteristics for knowledge capture/transfer (KM)

Manufacturing experts acknowledged the importance of knowledge management and their
desire to utilise knowledge more effectively (interviewee ME3, ME5 and ME6). However,
they also feel that they currently do not utilise knowledge extensively in NPD processes
and therefore often lose tacit knowledge when an experienced employee leaves the
company. It is therefore vital to retain knowledge within the company and one way to
achieve this is to become a learning organisation where experiences are shared in the NPD
process in a collaborative environment (O'Dell and Grayson Jr., 1998, BSI, 2001). The
design innovation characteristic of capturing/transferring knowledge both satisfies this
need and is beneficial to enable better collaboration and efficient process development for

the company (see Figure 6.13).

6.2.2.3 External collaboration

Collaboration - one of the most important contributors to innovation - is the value-adding
activities of people and organisations sharing knowledge to enhance innovation (Roser et
al., 2009) and competitiveness (Gouillart, 2014). The research identified two ways to
collaborate: external and internal. External collaboration will be discussed here, internal

collaboration in the next section. As discussed in the chapter 2, one indicator of an
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innovative manufacturing company for this research is whether businesses continuously
demonstrate that they collaborate with external organisations. External collaboration
consists of working with consumers (as individuals), organisations (both governmental and
non-governmental, including universities, and advisory organisations such as The Design
Council and the Business Growth Service), and other companies (through strategic alliance
or as part of the client-supplier relationship). All manufacturing companies interviewed
mentioned the importance of collaboration, some linking their trusted client relationships
to their core competence (interviewees ME3, ME5, ME6, and ME9). The principle of
external collaboration is similar to that of ‘co-creation” where collaborative relationships
are dynamic and mutually beneficial (Reinmoeller, 2002), which can be a strategic option
for value creation (Payne et al., 2008). It includes (i) creativity from collaboration, (ii)
advantages of drawing on marketing and management approaches, innovative processes,
and knowledge and group decision marketing, (iii) taking the role of facilitator, (iv)

enhanced relationships between people, and (v) learning processes (Roser et al., 2009)

The research also found that design innovation should be involved from the initiation of
the co-creation process, to help identify the areas which require an external collaborator(s)
(interviewees DE1 and DE3) and develop an appropriate programme or process suited to
external collaboration. During the process, customers take on many roles including as
initiator, co-producer and as inspiration for business development (Oberg, 2010). Design
innovation actively encourages user/client involvement in the NPD process using design
research methods such as workshops (interviewee DE1) or even informal conversations
with stakeholders (interviewee DE3), using them almost like a gates in a stage-gate process.
It creates an environment where idea-sharing is encouraged, by using tools such as
brainstorming and mind-mapping (DE6). The information provided by the external
collaborators is used as the basis of decision-making. At this stage, design experts DE4 and
DE8 commented on the limitations of information provided by the consumers/clients
whose thoughts are likely be bound within their own knowledge and experiences.
Interpretation and mediation of the information is therefore important, which when
managed well is likely to improve user experience (interviewer DE4) and provide effective
personalisation of the product/service (interviewee DES8) which contributes towards a

successful external collaboration.
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External Collaboration (Customer co-creation)
Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase product/service desirability
Involve users/clients in NPD Effective personalisation Problem/Opportunity Identification ‘
Identify areas needed for external . .

| collaboration Increase brand loyalty Extensive Collaboration ‘

Interpret and mediate information Improve user experience Innovative Product/Service

P Development
Encourage idea sharing Reduce risk of product/service Efficient Process Development ‘
Increase customer engagement

Figure 6.14: Details of design innovation characteristics for external collaboration (customer
co-creation)

The design and manufacturing experts emphasised the impact of external collaboration on
innovation. It directly influences problem/opportunity identification, extensive
collaboration, innovative product/service development and effective process development
(see Figure 6.14). The first influence (benefit) is derived from the process of reducing
product/service risk in the market and also from customer engagement through their
involvement in NPD and idea-sharing. Secondly, extensive collaboration occurs whilst the
effects of external collaboration takes place in increasing product/service desirability,
effective personalisation in product/service, increased brand loyalty and improved user
experience in products/services through improved functionality, ergonomics, serviceability,
the customer journey, touch-point improvements, etc. Thirdly, the research identified the
influence of external collaboration in developing innovative products/services, where the
continuous insights gained from collaborating with the users or other organisations at
different stages of product/service development can work as signposts for successful user
adaptation. Finally, the process for increasing customer engagement by design innovation
actions such as involving users or clients in the NPD whilst encouraging idea-sharing, can
be used to develop a more efficient user-centred process, one of the traits of successful

innovative companies.
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6.2.2.4 Internal collaboration

According to a recent BCG report on the most innovative companies (BCG, 2014), the
successful innovating companies ensure the value of innovation is encapsulated in the
corporate culture by encouraging collaboration, rewarding ideas, and capitalising on good
ideas promptly with appropriate support. The report described how internal collaboration
includes cross-positional and interdepartmental activities and is very closely linked with
company structure, culture and the attitude of the top-level managers. Interviewee DE1
mentioned that often where departments are separated to do a particular job (silos), internal
collaboration between departments can be difficult. However, he and other design and
manufacturing professionals (interviewees ME2, ME3, ME5, DE2, DE3, DE5 and DE6)
again emphasised the importance of internal collaboration to enable innovation. Design
innovation encourages internal collaboration by using methods similar to those used for
external collaborations. It acts as a mediator between departments and often between
different positions in the company hierarchy (interviewee DE1). This is where cross-
pollination of ideas happen. Subsequently, idea-sharing is encouraged, and in the process it
helps extract implicit knowledge which encourages employee engagement and ownership
(interviewee DE1), providing fresh perspectives and early detection of potential issues and
problems (interviewee DE10). Design innovation can also be used to create a physical
collaboration space such as break-out areas to encourage cross-departmental ideas and
information-sharing (interviewee DEG6). The physical collaboration space is identified as
another design innovation characteristic, and will be further discussed in the next section.

Internal collaborations issues were raised by interviewees ME8 and DE9, who mentioned
communication difficulties when sharing ideas between people with different professional
backgrounds and conflicting agendas. The design practitioner or manager’s role in an
organisation, acting as a mediator, may be restricted if s/he only works as a subsidiary of a
department. The first issue is addressed by the design innovation action of synthesising
ideas using visual materials to aid better communication between the stakeholders
(interviewees DE1 and DES8).The second problem is much more complex and fundamental
and needs to be addressed by top-level managers, by valuing design, authorising the
creative process of design innovation to intervene in the collaboration processes, and

actively participating in the process themselves (interviewees DE3 and DE5). Support from
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top-level managers is also recognised as a design innovation characteristic and will be

further discussed in the next section.

Internal Collaboration (Cross-positional, Interdepartmental)

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

stakeholders

| Encourage idea sharing Improve production process Problem/Opportunity Identification ‘
| Provide place for collaboration Increase employee ownership Extensive Collaboration ‘
| Synthesis of ideas Increase employee engagement Innovative Product/Service
! ooy . Development
Extract implicit knowledge Improve quality of communication Work Culture/Environment
. 8 i ) X Improvement
| e e Early detection of problems Efficient Process Development ‘

Figure 6.15: Details of design innovation characteristics for internal collaboration

The research indicates that internal collaboration as a form of design innovation
characteristic provides benefits in five different areas. Figure 6.15 shows the design
innovation actions and their subsequent effects as outcomes of these actions, as discussed
earlier in this section. The characteristic’s benefits cover a wide range of areas, including (i)
improving problem/opportunity identification by detecting any potential problem early by
sharing of implicit knowledge (from experienced staff), (ii) enabling extensive
collaboration by encouraging and communicating well with internal staff, (iii) better
development of innovative products and/or services by reducing the risk of potential
problems, (iv) enhanced work culture and environment through design innovation actions
to increase employee ownership and engagement, and (v) development of a more efficient
process by providing appropriate places for collaboration and sharing expert ideas to

improve the production processes.

6.2.2.5 Physical work environment

The research identified two major perspectives of the physical work environment as a
characteristic for design innovation: cultivating creativity and increasing work efficiency.
The former describes a physical work environment in terms of creating a collaborative
atmosphere (Levin, 2005, von Stamm, 2008) and the latter describes optimising workflow,
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as part of lean manufacturing (Wilson, 2010). Von Stamm elaborates the aspects associated
with the former work environment (von Stamm, 2008): (i) meeting and recreational spaces,
(if) a variety of different work-spaces, (iii) arrangement of departments, (iv) spaces
dedicated to project teams, and (v) spaces dedicated to innovation and creativity.
Optimising production within the lean manufacturing principle includes reducing wastes in
motion (movement of people) and transportation (movement of materials) (Wilson, 2010).
Interviewee MES5 described the work-flow optimisation in his company through
introducing an open-plan sequential arrangement of each production stage which is logical
and easy to follow. Interviewee DE2 also described a project which eventually included a
production process improvement as DE2’s agency was consulting on the design of medical
laboratory equipment. Including design in the process of creative problem-solving, both
companies achieved an increase in production efficiency by shortening the lead time. This
also had positive effects on collaboration, especially for the ME2’s company where the
open-plan workspace provided better interaction between staff in different parts of the
production process. Furthermore, as part of an internal branding exercise, interviewee DE1
explained design’s prominent role in conveying the right brand message to the employees
by using visual communications with cues of the company’s vision and values. By
understanding the users’ (employees’) needs for a more creative workspace, DE1’s agency
provided flexible working-space where creativity is encouraged. Another action of design
innovation is providing a space for collaboration e.g. break-out areas designed specifically
to provide space for employees to meet and interact, creating natural spaces for

collaboration (interviewee DEG).

Physical Work Environment

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Optimise production/assembly flow Increase production efficiency Extensive Collaboration
Convey brand value Increase employee ownership Clear Communication
) Work Culture/Environment
Space for collaboration Increase collaboration
Improvement
Flexible working space Encourage creativity Efficient Process Development

Figure 6.16: Details of design innovation characteristics for physical work environment
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The benefits of an improved physical work environment through design innovation actions
are (i) extensive collaboration by physically placing people together to encourage
interdepartmental integration, (ii) clear internal communications conveying brand values
which increase employee ownership, (iii) work culture/environment improvement though
flexible working and collaborative spaces to provide a creative working environment, and
(iv) efficient process development by minimising wasted movement of both employees and
materials (see Figure 6.16). Although the physical work environment was mentioned in the
interviews less often than other characteristics, workspace design should be regarded as
part of strategic decision, acknowledging that it can support the company’s processes,
structure, strategies, people (employees), and reward system where designers make a
value-added contribution (Levin, 2007). Furthermore, according to Waber et al. (2014) the
importance of the workplace is its quality of encouraging the collaborations and knowledge

transfer which are essential in cultivating innovation.

6.2.3 Characteristics in ‘corporate-level design thinking for organisational innovation’
area

In this section, further design innovation characteristics are discussed which are mainly
within the boundary of “designing for technological/product/service innovation’ area in the
design innovation spectrum including: (i) top-level management support, (ii) investments,
(iii) company vision/values, (iv) Unique Selling Proposition (USP), and (v) business model
(Table 6.5). Design innovation characteristics placement within the design innovation

spectrum is further discussed in Section 6.3.

Table 6.5: Design innovation characteristics within the ‘corporate-level design thinking for
organisational innovation’ area of the design innovation spectrum

Design Innovation Design Innovation Characteristics Place of immediate
Spectrum change (impact)
Top-level management support Internal
Corporate-level design Investments Internal and external
thinking for organisational | Company vision/values Internal and external
innovation Unique Selling Proposition (USP) Internal and external
Business model development Internal and external

6.2.3.1 Top-level management support
Top-level management which values design and its capability in increasing innovativeness

of the company is an essential characteristic of design innovation. This was suggested by

173



manufacturing experts ME3 and MES5, a point strongly emphasised by interviewees DE2
and DE4 and almost all the other design experts. Support from top-level managers is
important because it encourages creative ideas generation and collaboration which enable
the company to build its innovation culture (Euchner, 2013) and influence employees’
innovative behaviour (de Jong and Den Hartog, 2007), and is regarded as the most
important critical innovation ingredient (von Stamm, 2008). The design and manufacturing
experts agreed on the beneficial effects of top-level management support, and the design
experts particularly commented that the application of design thinking principles by top-
level managers on management practices, regardless of whether knowingly or not, would
be advantageous in prioritising innovation (interviewees DE1 and DE3) and building a
design-minded organisation (Lockwood, 2009). The business leaders using design
principles to solve business problems - also referred to in this research as corporate-level
design thinking - provides an empathetic user-centred approach to problem-solving
(interviewees DE1, DE5, DE6, DE7, DE8 and DE11), where the users can be the
customers buying products/services or the company’s employees. This leads to the
transformation of an organisation towards embracing innovation across the whole company
(Brown, 2009, Topalian, 2012). Design innovation actions to achieve this include aligning
strategic decisions to encourage collaboration both internally and externally by rewarding
innovation appropriately to enable an innovative work culture (interviewees ME9, DE1
and DEB8). Further actions of top-level management support which contribute to creating an
innovative work culture include providing a consistently challenging company vision to

stimulate the employees (interviewee DES).

Top-level management support influences all six design innovation benefits either by
providing direct, primary influences or secondary influences derived from or as by-product
of the primary benefits (see Figure 6.17). The primary benefits influenced by the top-level
management support include problem/opportunity identification, extensive collaboration,
work culture/environment improvement and efficient process development. These benefits
are result of the design innovation actions and subsequent effects as identified earlier in
this section. The secondary benefits indirectly influenced by the top-level management
support include clear communication and innovative product/service development. The

clear communication is necessary while extensive collaboration, encouraged by the top-

174



level management takes place to ensure the purpose of the collaboration is clear among
participating departments and professionals. Therefore, the clear communication is a by-
product of the extensive collaboration. Innovative product/service development is derived
from problem/opportunity identified by encouragement of creative idea generation, and
efficient process developed through encouragement of collaboration by the top-level
manager. Hence the innovative product/service development is indirectly influenced by the

top-level management support.

Top-level Management Support

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Problem/Opportunity Identification }7

| Value creativity and design

Extensive Collaboration

| Prioritise innovation Encourage creative idea generation
| Clear Communication
Design-led business problem solving Encourgae collaboration
Innovative Product/Service
Development
| Provide consistant vision Enable innovative work culture

Improvement

Work Culture/Environment ‘

| Reward for innovation

Efficient Process Development }—

Figure 6.17: Details of design innovation characteristics for top-level management support

6.2.3.2 Investments

The research identified two different investment areas as a design innovation characteristic:
firstly, the manufacturing company’s investment and management of resources for design,
including investment in computer software and subsequent training to increase CAD
capabilities (interviewees ME2 and DE2), and providing creative space to encourage
collaboration (interviewee DES6). Investment in design expertise is a design innovation
action which includes working with external agencies to create better quality
products/services (interviewees ME3 and MES) and hiring new design professionals to
improve the product/service development process (interviewee ME4). Active research is
now being conducted to identify the value of investing in design (return of investment-
ROI); The Design Council claims that £1 of design investment returns £20 in revenue (DC,

2012a). More recently, the Design Management Institute (DMI) found that design-
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conscious companies perform 228% better than non—design-conscious companies (Rae,
2013). Despite these results, Bruce el al (1995) argue that design investment is one of the
first casualties of cutbacks during a recession. Interviewee DE4 concurred with this,
mentioning the design cutbacks even in large multinationals during the recent recession.
Investment in design resources and expertise are nevertheless necessary in order to
effectively cultivate design innovation in a company and also it is low risk and high reward

investment (Bruce et al., 1995).

The second area of investment as design innovation characteristic is the use of design as a
research mechanism to identify investment areas, similar to technology scouting. Often
there are budget constraints, so managers must carefully prioritise to ensure that
investment is used as effectively as possible. Traditional business decision-making relies
on rigorous and analytical research, but when this is combined with design methods -
which tend to use more qualitative approaches to discover market and user insights - more
successful decision can be made (Chhatpar, 2008). Interviewee ME3 demonstrated this: his
company purchased a machine after careful consideration in partnership with a design
professional. The effect of design investment includes enhanced profitability (DE6, DE7

and DE8) and improved product/service development processes (ME3 and DE1).

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Increase capability in |
/ product/service design Extensive Collaboration
Design resource management

i . Innovative Product/Service
Better quality product/service Development
Investment in design expertise

Work Culture/Environment

Enhance profitability Improvement

Identify optimum areas of investment

{achicqupments) Improve product/service

development process Efficient Process Development

Figure 6.18: Details of design innovation characteristics for top-level management support

The benefits of design innovation through investment to improve innovativeness are shown
in Figure 6.18: (i) extensive collaboration through working with external and internal
design professionals to create better quality products/services, (ii) innovative

product/service development as a result of increased capabilities in design and an improved
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development process, (iii) work culture/environment improvement through enhanced
collaborations, and (iv) efficient process development through optimised investment for
the business to improve product/service development process and support from design

expertise.

6.2.3.3 Company vision/values

Clear company vision and values play an important role in developing the company’s
strategic direction (Witcher and Chau, 2014). Companies with long-term successes
typically have vision and value with dynamic strategies which continuously adopt to a
changing environment (Collins and Porras, 1996). The design innovation characteristic
comprises two types of actions towards vision and values: firstly, it is an agent of
communication. Design practitioners use vision and value as part of branding, conveying
the message both internally and externally through products, services and/or promotional
materials to increase brand awareness (interviewees ME7, DE5 and DE10). Sawhney and
Prahalad (2010) found that design practitioners advocate communicating the vision and
value of a company to consumers. The second type of design innovation action is to assist
in creating a company’s vision and values by acting as a mediator between the top-level
managers and employees or customers. Design consultants who are familiar with business
environments, with extensive experience in the industry, help small or medium
manufacturing companies to create or redefine vision and values (interviewees DE3, DE6
and DES8). As design thinkers, a primary consideration when helping manufacturing
companies to create vision is to consider the customers (interviewee DEG6). The vision is
therefore intrinsically customer-focused. Moreover, as the company values are at the core
of a company — the source of strategies in branding, product and operations - key values
are carefully assessed to reflect the company’s ‘real’ values. Collins (1996) suggests that
‘fake’ values are quickly noticed both internally and externally. Interviewee DE1 cited the
example of a project where a wide range of employees was engaged in developing a

company vision, resulting in increased sense of employee ownership towards the company.
The primary benefits of the design innovation characteristic of improving company

vision/values are clear communication and work culture/environment improvement (see

Figure 6.19). Design innovation both increases internal and external brand awareness and
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guides focused decision-making for manufacturing companies. This characteristic has
secondary benefits where an innovative work culture enables the company to identify
opportunities through an improved, customer-centred focus to concentrate its resources on
fulfilling the new company vision. Clear communication of company vision and values can
thus provide improved shared understanding between collaborators, enabling better
extensive collaboration. Furthermore, improvement in work culture through an increased
sense of company ownership among the employees also provide more engagement for

extensive collaboration.

Company Vision/Values

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Communicate company vision Problem/Opportunity Identification ~—
Increase brand awareness
Create customer-focused vision Extensive Collaboration
Improve employee ownership :|
Identify key values Clear Communication
Enable focused/clear strategic
decision-making -
E | " t Work Culture/Environment
ncourage employee participation Improvement [

Figure 6.19: Details of design innovation characteristics for company vision/values

6.2.3.4 Unique Selling Proposition (USP)

The unique selling proposition (USP) — described by the Chartered Institute of Marketing
as “one of the basics of effective marketing and business that has stood test of time” (CIM,
2009:2) - manifests a company’s unique differences among competitors. Manufacturing
companies can have USP in price, quality, reliability, customisation, and even the
flexibility to produce small batches to meet clients’ requirements (interviewee MEDS).
However, this area is often overlooked by some manufacturing companies, because they
are comfortable in the products/services they already produce (interviewee DE1). Even
innovative manufacturing companies, once recognised for their innovation, can rapidly
become stale because they are in ‘algorithm’ stage (i.e. a simplified task with a fixed
formula which is most efficient, but has no growth) within the ‘knowledge funnel’ (Martin,
2009). The USP can quickly become a mundane proposition as the competition catches up,
leading the company to face difficulty surviving in the market. According to design and
manufacturing experts (interviewees ME2, ME5, ME9, ME10, DE1, DE7 and DE11), it is
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therefore essential for companies who want to be continue to be successful in the market to
reinvent their USP or seek a USP in existing products. The USP must be also be
communicated clearly both internally and externally to increase the brand value, and
internally to give employees a sense of pride (interviewee DE1), and externally to provide
market competitiveness (interviewees MES5, DE1 and DES).

Unique Selling Proposition (USP)

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

Problem/Opportunity Identification

Identify USP required for Increase competitiveness
product/service in the market
Clear Communication
Emphasise USP in product/service Increase brand value
Innovative Product/Service
Development
Focus resources to develop USP Increase chance of investment

Work Culture/Environment
Improvement

Figure 6.20: Details of design innovation characteristics for the USP

The primary influence of USP as a design innovation characteristic is on
problem/opportunity identification, clear communication and innovative product/service
development (Figure 6.20). While identifying and developing a USP, the company will
gain market knowledge and access potential new markets, creating new opportunities to
exploit. Communicating USP will also increase brand value and, in conjunction with a
viable business model and creative graphics, help the company obtain investment and
thereby achieved clear communication of the USP. Focusing resources to develop USP
will bring internal staff together, with a heightened sense of pride through clear
communication, and the work culture/environment improvement will be a secondary

beneficiary.

6.2.3.5 Business model development

In recent years, partly through the “dot.com boom”, the business model has been
popularised as a way of convincing investors how a business can make a profit (DaSilva
and Trkman, 2014). The business model consists of nine key ‘blocks’(Osterwalder and
Pigneur, 2010): customer segment, value proposition, channels, customer relationship,

revenue stream, key resources, key activities, key partnerships and cost structure. The
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‘business model canvas’ is created using these blocks to assess and develop business
models, which have gained popularity in design community because it provides a holistic
overview of business operations (Simonse, 2014). The business model can both facilitate
and represent innovation (Teece, 2010) where technological innovation require a business
model in order to be successful in the market. The business model itself can also represent
a form of innovation, so business model innovation is regarded as an innovation with
similar or sometimes stronger emphasis in order to be innovative in a competitive market
(Chesbrough, 2007). Many of the design experts agreed with this (interviewees DE1, DE2,
DE3, DE5, DE6 and DES8), citing experiences of being involved in creating part of a
business model for client companies by identifying a new sales channel and customer
touch-points with their design work for manufacturing companies. This increased
efficiency in the value chain by reducing unnecessary operational steps (the lean process),
and in the customer base by delivering products/service via new sales channel with better
touch-points to attract new users. These segments of the business model are evidently an
important part of the design process, where understanding user and market needs and
designing to satisfy them naturally brings design professionals to consider sales channels
and consumer touch-points. Design can also provide a holistic overview of the business
itself, thereby creating the business model best suited to the varying situations of different
individual manufacturing companies (interviewees DE5 and DE8). The use of design
research tools in building the model is demonstrated by Simonse (2014), including the
actor map (e.g. Net-Map) which captures how and why the transaction between influencers
and stakeholders are interlinked, role perspectives (e.g. IDEO’s Human Centered Design
toolkit) which provides different perspectives on a situation through stakeholders with
insights in a network or community, and activity maps (e.g. customer journey mapping)

offering a visual illustration of insights into customer activities and purchase behaviours.

The business model development as a design innovation characteristic provides four
benefits (see Figure 6.21). Firstly, in problem/opportunity identification it provides a
holistic view of current business operations and identifies possible development area(s).
Secondly, clear communication through visual representation of the business model
enables the key stakeholder in the company to grasp the complexities of the overall

business model, whilst building the business model. Thirdly, it can develop the customer-
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centred innovative product/service development; and lastly, it can develop an efficient
process through increased efficiency in the value chain.

Business Model

Design Innovation Actions Effects of Design Innovation Benefits of Design Innovation

| Identify new sales channels

Increase efficiency in value chain Problem/Opportunity Identification ‘

| Holistic overview of business model

Increase profit Clear Communication ‘

Utilisation of design-led tools to
create business model

Increase customer base Innovative Product/Service
Development

| Identify customer touch points

Build customer-centric business Efficient Process Development ‘

Identify problem/opportunity in
business operation

Figure 6.21: Details of design innovation characteristics for business model generation

6.3 Design innovation characteristics in the Design innovation

spectrum

The design innovation characteristics are formulated using the interviews with experts and
literature data to provide a comprehensive list of design innovation benefits for UK
innovative manufacturing companies. As they were formulated, each one was placed in the
design innovation spectrum (see Chapter 5) in order to identify where each characteristic
can be positioned in a business context. Figure 6.22 shows the placement of the
characteristics according to their actions and business benefits and its position in a given
business level, and the main persons involved in furthering the characteristic. In this
integration process, the research discovered that the design innovation actions and their
subsequent effects and benefits do not necessarily conform precisely to the design
innovation spectrum. Their influence is wider than a single area of the spectrum e.g. the
external collaboration as a design innovation characteristic includes involvement of
users/clients in NPD, which affects personalisation and is beneficial in developing
innovative products/services. This sequence of action and effect means the characteristic
can be placed both in “designing for product/service innovation’ and ‘design strategy for
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process innovation’. It is nonetheless still useful to superimpose the characteristics on the
spectrum, to provide an important overview of the extent of design influence in businesses.
However, the characteristic placement is inherently flexible as it is heavily dependent on a
manufacturing business’s circumstances and context. It should therefore be viewed as an
illustration of the probable connection between the design innovation spectrum and each
design innovation characteristic.

Corporate-level
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Figure 6.22: Design innovation characteristics in the design innovation spectrum

6.3.1 Designing for technological/product/service innovation
The majority of the characteristics identified in this research can be placed under the

‘designing for technological/product/service innovation’ area of the design innovation
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spectrum. This is expected because manufacturing companies readily utilise this portion of
the design innovation spectrum as a major part of “traditional innovation” (NESTA,
2008b). Manufacturing companies can easily grasp the meaning of design here, as it deals
with the physical process of visualising the idea to make production-ready drawings. The
design innovation characteristics in this area probably occur towards the latter stages of a
design process, near the production of products/ services, with actions which ‘shape’ the
product/service to be launched, i.e. its function, aesthetics, product value, interface, etc.,
The main users of these characteristics are the design professionals, engineering designers
or engineers, as identified from the design innovation spectrum, predominantly at an active

(operational) level of business.

Both design and manufacturing experts broadly agreed on the benefits of design innovation
in this section. The only discrepancy was with the ‘technology utilisation’: none of the
manufacturing experts mentioned any possible benefits of using design to help the
company better utilise technology through scouting and correctly adopting appropriate
technologies, to create technologically advanced products or improve production. In
contrast, the design experts shared their experiences with manufacturing companies to
identify and use new (relative to the company) technologies to improve products, and also
identify R&D areas for manufacturing companies to further investigate to benefit the users

and be successful in the market (see Section 6.2.1.1).

The characteristics of understanding and accommodating user and market needs and
demands are included in the “designing for technological/product/service innovation’ area
of the spectrum, but it can also be seen as part of the ‘design strategy for process
innovation’ area. Although the execution of the information gathered from these
characteristics is a critical part in “designing’ to provide ‘product/service innovation’, data

gathering is also an important part of ‘process innovation’.

6.3.2 Design strategy for process innovation
The characteristics identified under the “design strategy for process innovation area’ of the
design innovation spectrum consist mainly of the how the ideas are formulated to become a

viable option for further development. This includes feasibility testing, external
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collaboration, internal collaboration, knowledge capture/transfer and the physical work
environment. As mentioned in the previous chapter, the decisions are likely be made at the
strategic level of a business by design managers or senior managers who are competent in
process development and management, as described in the design innovation spectrum. In
this important area for developing the culture of creativity and innovation, the design
practitioner plays a vital role as a mediator. The presence of a design champion is most
effective here, according to design experts (interviewees DE1, DE2 and DE3), as they can
influence processes (including new product development, production, delivery, etc.) to
satisfy both business and user requirements by effectively balancing the opinions of the
company’s top-level managers and design practitioners. Internal collaboration (cross-
positional and interdepartmental) is a key to achieving this, where the design champion
also has the dual role of facilitator and mediator, advocating design thinking so that it can
be effectively integrated in different processes in the manufacturing business.

The research found that there are two major purposes in the innovation process. Firstly, the
employees, the people who make the product/service: most of the effects of the
characteristics in the “‘design strategy for process innovation’ area point towards employee
loyalty, ownership, and engagement through better communications and collaboration. Its
purpose is to maximise creativity by applying design methods readily used by the design
practitioners to share ideas (obvious examples are brainstorming and mind-mapping in a
workshop environment), in order to develop product/service which is creative and
successful in the market, while reducing the risk of failure, i.e. innovative
products/services. Secondly, the physical process of improving production efficiency. This
is similar to the idea of lean manufacturing or the Toyota Production System (TPS) by
reducing waste (transport, inventory, motion, waiting, overproduction, over-processing and
defects) in the production process. The principle of design can also be adopted to identify
problem/opportunity areas by viewing the process as a system similar to customer journey-
mapping to understand the process more deeply. As mentioned earlier, the designer can be
a facilitator, making the process more efficient, but it will be impossible to provide
technically viable solutions. Internal collaboration is crucial to maximise the effectiveness
of the process, and designers can elicit creative solutions which can contribute to making

the process more innovative.
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6.3.3 Corporate-level design thinking for organisational innovation

Organisational innovation involves management of the entire company (see Chapters 2 and
5). The main decision-makers are the top-level managers who have an operational
overview of the company and are therefore entrusted with making judgements about the
direction the business should move forward in. However, the research also found that this
area of the design innovation spectrum is less likely to be the place where design has
influence because of the limited perception of design, of its capability to draw out people’s
creativity, regardless of their background profession, especially with top-level managers.
On the contrary, the practice of design thinking in the management discipline has been
expanding where many business schools, especially in the US, adopt this idea and teach
design thinking as part of the MBA curriculum. This principle of design thinking is
described in this research as ‘corporate-level design thinking’ which manifest that the
influence of design is no longer just on creating products/services by adding value; it now

also influences building a company which is creative and therefore innovative.

The characteristics identified in this area of the design innovation spectrum include top-
level management support, investment, company vision/values, USP and the business
model. Among the design experts’ most popular discussions was top-level management
support, user need/demand and the business model, to enable design innovation in a
manufacturing company. They argued that without buy-in from top-level managers, it is
almost impossible to cultivate innovation. Top-level managers’ mindset or attitude towards
design and organisational change are vital from the outset, to improve a company’s
innovativeness. A design leader must embrace design innovation and integrate its benefits
into the company to provide competitive advantage in a competitive market. Once that
support is established, design innovation can start implementing design methods and
principles to support the development of company vision and values, USP and a business
model which is relevant to current market trends and customer needs, with a holistic
overview of the position of the business and the direction it may take to stay ahead of
competition or discover new markets, to maximise the company’s current competence -

and investment can be made where the most value can be obtained.
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6.4 Chapter summary

This chapter has discussed in detail the development of design innovation characteristics
through the literature review and expert interviews, and the integration of the

characteristics with the design innovation spectrum created in Chapter 5.

The twenty design innovation characteristics identified in this chapter are: technology
utilisation, quality improvement, computer aided design (CAD), technical design,
aesthetics, function/usability, product/service value promotion, graphics/website, user
need/demand, market need/demand, feasibility testing (prototyping), knowledge
capture/transfer (KM), external collaboration, internal collaboration, top-level management
support, physical work environment, investment, company vision/values, the unique
selling proposition (USP) and the business model. Design innovation actions to develop
these characteristics were also identified with their subsequent effect and benefits to an
innovative manufacturing company. The design innovation characteristics provide a
comprehensive overview of the influence design innovation can have, ranging from
technical design to business model generation, to encourage innovation and thereby

increase competitiveness and growth.

The next chapter discusses recommendations, through the development of a design
innovation framework, and implementation guidelines. The evaluation of the framework
and its implementation with experts in design innovation is also discussed, to provide a

final design innovation framework and its implementation guidelines.
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Chapter 7. Discussion and Recommendations

7.1 Introduction

The research constructed a comprehensive overview of design innovation in UK
innovative manufacturing companies by creating a design innovation spectrum covering: (i)
designing for technological and product/service innovation, (ii) design strategy for process
innovation, and (iii) corporate-level design thinking for organisational innovation. Some
twenty design innovation characteristics were identified to provide details of actions and
the effects of design innovation on the companies. This chapter synthesises and discusses
the findings, to create recommendations in the form of a design innovation framework and
suggest implementation measures, which innovative manufacturing companies can adopt

in order to increase the innovativeness of their company.

Table 7.1: Brief index of evaluation experts in design innovation and manufacturing

Interviewees Organisation

EE1, EE2, EE3, EE4 UK innovative manufacturing businesses (top-level managers)

EES5, EE6, EE7 UK innovative manufacturing businesses (senior/middle managers in design)
EES8, EE9, EE10 UK design consultancies (top-level managers)

Note: See Chapter 3 for detailed descriptions of the interviewees

The framework was evaluated by ten design innovation and manufacturing experts,
prospective users of the framework (Table 7.1). The interview used an in-depth semi-
structured format to identify the framework’s comprehensiveness, acceptability, feasibility
and usability. Information gathered from the interviews was used to make adjustments to
create the final design innovation framework and implementations for innovative

manufacturing in the UK.

Figure 7.1 outlines Chapter 7.
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Figure 7.1: Chapter map

7.2 Design innovation framework

The design innovation framework is intended to provide a holistic overview of design
innovation benefits for UK innovative manufacturing companies. It is designed as a guide
to identify and further improve a company’s technological, product/service, process and
organisational innovation by utilising designing, design strategy, and corporate-level
design thinking which are part of the design innovation spectrum. The framework includes
twenty design innovation characteristics which lead to six essential benefits for
manufacturing companies to achieve three main goals to improve innovativeness. The
framework also demonstrates the influences of design innovation characteristics on six
design innovation benefits. The design innovation characteristics span across the design
innovation spectrum, which helps identify design innovation in a business context,
including the influences of design (output) and the requirements for design (input). The

subsequent six benefits of design innovation are identified from the characteristics which
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provide the improvements a company can expect from using good design innovation
practices. These benefits can help the company to achieve three main design innovation
goals: (i) optimisation of the business environment, (ii) generation of creative ideas, and
(iii) successful commercialisation. Combinations of these areas will enhance
product/service, process and organisational innovation improvements and ultimately
enable the company to become a practitioner of ‘Total design innovation’” which

encourages growth and increases global competitiveness.

7.2.1 Synthesis of design innovation characteristics

The design innovation characteristics were created by analysing literature, and in-depth
interviews with both design innovation and manufacturing experts purposively selected to
provide a comprehensive reliable list of characteristics, including design innovation action,
effects and benefits. The design innovation benefits were created using selective coding
(Chapter 3) including: (i) problem/opportunity identification, (ii) extensive collaboration,
(iii) work culture/environment improvement, (iv) efficient process development, (v) clear
communication, and (vi) innovative product/service development. These benefits are
derived from the action and effect of design innovation which form the design innovation
characteristics. The actions and the effects determine whether the characteristic influences
directly or indirectly to create benefits for design innovation for the companies. A graphic
representation shows the synthesis of the influences of different design innovation
characteristics for each design innovation benefit (Figure 7.2).

The design innovation benefit wheel contains all twenty characteristics identified by the
research, and encompasses the design innovation spectrum to show the characteristics in a
business context (Section 6.3). The placements are flexible, depending on how they are
implemented in various innovative manufacturing companies, so the research views this as
a loose categorisation of the design innovation characteristics, allowing an overview of all
twenty characteristics according to the business context. The design innovation benefit
wheel also shows the direct and indirect influences of the design innovation characteristics
on particular design innovation benefits, and whether they manifest mainly internal,

external or internal and external research/data/action, as described in Section 6.2. It is a

189



template for providing design innovation framework details, illustrating the relationship
between design innovation characteristics and the main benefits.
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likely characteristics identified by this research. For further details of the characteristics, see page 7.
Figure 7.2: Design innovation benefit wheel

(Note: the legend applies to all design innovation wheels in this chapter)

7.2.1.1 Problem/opportunity identification

The research found that design innovation enables innovative manufacturing companies to
identify problems and/or opportunities for the business. In order to achieve this through
design innovation, the following design innovation characteristics should be considered: (i)

understanding the users’ and markets’ needs/demands, (ii) early and frequent prototyping,

(iii) internal and external collaboration, extracting and appropriately using implicit
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knowledge and experiences within NPD and production process, (iv) valuing creativity and
design and using design-led business problem-solving by top-level management, (v)
identifying and focusing on the unique selling proposition (USP) of the company, and (vi)
identifying new sales channels and analysing business operations by creating a business
model using design-led tools. The indirect influences of the design innovation
characteristics were also found while: (i) scouting for new/relevant technologies to use in
NPD, and to identify technology gap for new R&D project for technology utilisation, and
(if) creating customer-focused company vision with employee participation. These

influences are shown in Figure 7.3.

Mology
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Problem/
Opportunity
Identification

Figure 7.3: Design innovation benefit wheel for problem/opportunity identification (design
innovation framework detail)

Design innovation influences the company to identify problems and/or opportunities for
developing products/services. However, some elements enable design innovation to
identify problems/opportunities in production processes by encouraging internal

collaboration, and in business management by using design-led tools to analyse business
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operations. As design is generally considered a problem-solving process, identifying
problems is a key asset of design in increasing innovation in companies (Cooper and Press,
1995, Rassam, 1995, DTI, 2005, Mozota, 2006, DC, 2007, DC, 2008b, Neumeier, 2008,
Brown, 2009, DC, 2010, Liedtka and Ogilvie, 2011, Mootee, 2013, DC, 2014).
Problems/opportunities can be identified in many ways in business. Some use a systematic
approach: a Quality Assurance (QA) department or by running Total Quality Management
(TQM) programmes to ensure potential problems are identified. These approaches are both
detailed and holistic in nature. However, design professionals’ skill sets of creativity and
thinking “outside the box” can also provide a perspective which brings new meaning to
products/services (Verganti, 2006) and ensure that creativity is transferred in generating

new ideas to improve product/service innovation and organisational innovation.

7.2.1.2 Extensive collaboration

The recommendation for achieving extensive collaboration through design innovation
comes from its characteristics, including: (i) involving users/clients in NPD while
interpreting and mediating information during external collaboration, (ii) internal
collaboration i.e. communicating with stakeholders and extracting implicit ideas from
employees whilst helping the company provide appropriate settings for collaboration and
synthesising information gained from the collaboration, (iii) encouraging articulation of
employees’ experiences (implicit knowledge) and visualising this pool of knowledge to be
easily accessible and applied in appropriate areas of business as part of the knowledge
capture/transfer initiatives, (iv) involvement in optimising production/assembly flow and
designing a flexible and collaboration-focused work-space to build creative physical work-
spaces, (v) support from top-level management through their commitment to prioritising
innovation, and applying design-led business problem-solving, and (vi) investment in
design expertise (design champions) internally and/or externally to plan and manage
internal and external collaborations through design initiatives. The secondary or indirect
influences of design innovation characteristics in encouraging successful extensive
collaborations are: (i) product/service value promotion which communicates appropriate
information visually to the stakeholders (collaborators) to enable effective value creation,

and (ii) applying appropriate graphic techniques to clearly communicate the necessary
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information to stakeholders including the company vision and values. The influences of the

design innovation characteristics on extensive collaboration are shown in Figure 7.4.

Extensive
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Figure 7.4: Design innovation benefit wheel for extensive collaboration (design innovation
framework detail)

Collaboration is undoubtedly important for improving innovativeness by helping the
company understand users’ and/or clients’ preferences, and to extract and use knowledge
and experience from inside as well as outside of the company (von Stamm, 2008, Roser et
al., 2009, Gouillart, 2014). The research found that collaboration can be used much more
broadly in innovative manufacturing companies through design innovation. Design
innovation encourages creative idea generation through various collaborations, by planning,
recruiting (stakeholders), mediating, and analysing for collaboration and helping the
company to provide an appropriate physical space for collaboration to be effective in
generating creative ideas. These ideas, whether for developing a product/service, process
or strategic business decisions are used to both enhance the chance of market success and

optimise the business environment. It was noticed, however, that caution is required when
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conducting collaboration, where misunderstanding values and objectives and a badly
managed process can drain resources, becoming unproductive and failing to bring insights
to the company. The research therefore argues that careful planning and execution - by
understanding the stakeholders with appropriate top-level management support and
investment - are needed for extensive collaboration, to yield the desired outcome of

generating creative ideas.

7.2.1.3 Work culture/environment improvement

The research recommends that design innovation be implemented to enable a better work
culture/environment, which is essential for creating an innovative culture in a company
(Figure 7.5). The focus of design innovation to bring benefits was in building an
environment which provides an exciting workplace to encourage collaborations across the
company. The primary (direct) influences of the design innovation characteristics include:
(i) using the graphics/website to provide clear and consistent internal branding with an
engaging internal website, (ii) encouraging internal collaboration through idea-sharing
which enables implicit knowledge to become explicit e.g. by providing a better physical
work environment such as a place for collaboration and flexible work—spaces, to increase
employee ownership and engagements and encourage creativity, (iii) top-level
management’s commitment to creativity, design and innovation and providing consistent
messages about the company vision and values while encouraging employees’ participation
in their creation, and (iv) appropriate investment in design resources - design here includes
product design and internal branding, providing space for collaboration and effective
internal communications. The indirect influences of design innovation characteristics are:
(i) understanding the users’ (in this case, employees’) needs and demands, and (ii) clearly
communicating the USP to the employees, to increase the company’s brand value.

Employee participation, ownership and loyalty are essential in creating an innovative work
culture/environment. Design innovation and manufacturing experts and many literatures
(Amabile, 1998, Howkins, 2002, Luecke, 2003, Kelly, 2006, Meyer and Marion, 2010,
Enkel et al., 2011, Choi and Moon, 2013, Topalian, 2013, BCG, 2014) concur that people
are the primary source of creativity and innovation. To encourage creative idea generation,

the company needs the appropriate culture and environment to cultivate ideas. Design
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innovation focuses on this particular aspect of encouraging creative ideas by providing
physical spaces, increased sense of ownership which enables increased participation by
clearly communicating the vision and values through internal branding, and managing
internal collaboration by using design-led tools, often in a workshop environment. The
researcher therefore recommends that innovative manufacturing companies consider the
value of the work culture and environment by systematically applying design innovation
actions to gradually create an innovation culture which optimises the cultivation of

innovation in the business environment.
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Figure 7.5: Design innovation benefit wheel for work culture/environment improvement
(design innovation framework detail)

7.2.1.4 Efficient process development

Process in this section refers to both the technical production process and the business
operational process in innovative manufacturing. Design innovation also influences
efficiency and optimisation in this area. The research recommends consideration of design

innovation characteristics to influence the process, including: (i) technology utilisation:
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scouting for new or appropriate technologies both in and outside the company to increase
production efficiency and reduce R&D risk, (ii) use of computer aided design (CAD) and
subsequent computer aided manufacturing (CAM) to increase process efficiency and
accuracy, (iii) platform-sharing and design for better assembly while solving technical
problems through technical design, (iv) feasibility testing (prototyping) to identify user
preference and manufacturability early in the process to increase production efficiency, (v)
external collaboration involving the users/clients to minimise customer rejection while
increasing efficiency in personalisation (bespoke products/services), (vi) encouraging idea-
sharing through internal collaboration across departments to identify unforeseen areas of
inefficiency in production process by visualising captured knowledge and transferring it to
appropriate areas to be improved, (vii) optimising production/assembly flow and providing
flexible work-space to maximise efficiency in the physical work environment, (viii)
prioritising innovation and use design-led business problem-solving by top-level
management to focus optimum areas to invest to enhance product/service development
process, and (ix) creating or improving the business model by using design-led tools to
provide a holistic overview to identify problems/opportunities in the business operation to
be optimised. The indirect influence of design innovation for efficient process development
is also found in the quality improvement process while developing innovative
products/services, particularly when designing for effective assembly to increase
production efficiency. The influences of design innovation characteristics on efficient
process development are shown in Figure 7.6.

Efficient process is vital for the growth of manufacturing companies, and is often seen in
lean manufacturing (Katayama and Bennett, 1999, Narasimhana et al., 2006, Wilson, 2010)
and just-in-time (JIT) theories (Shah and Ward, 2003). The design innovation influence on
the process closely follows those theories’ principles of optimisation and efficiency, but it
also acts as a medium to identify areas which can be improved through holistic and
empathic investigation into the production process. It also uses collaborations to bring
together external and internal ideas from both experts and non-experts (from other
departments) to help identify further areas for optimisation, mainly for production but also
for the business operation. Developing efficient processes can optimise the business

environment especially in manufacturing companies where production is a vital part of
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process innovation. The research therefore also recommends using design innovation in
conjunction with manufacturing oriented process management principles such as lean

manufacturing, to further enhance the efficiency of the process.

Efficient
Process

Development

Figure 7.6: Design innovation benefit wheel for efficient process development (design
innovation framework detail)

7.2.1.5 Clear communication

The research found that the design innovation characteristics can also enable clear
communication. The recommendation derived from these characteristics is the
consideration of: (i) using CAD to better visualise the concept by digitising ideas, (ii)
designing aesthetics to communicate quality and brand message, (iii) product/service
value promotion through visual and other appropriate means by understanding target
audiences, (iv) using graphics/websites to create intuitive graphic interface, engaging
websites and attractive promotional materials which clearly communicate a consistent
brand message, (v) articulating an understanding of user and market needs/demands to the

internal collaborators, (vi) conveying brand value internally by creating an engaging
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physical work environment, (vii) identifying key values and vision of the company with
participation from employees and top-level management, and delivering a clear message
both internally and externally, (viii) identifying, emphasising and focusing on the USP, and
(ix) clearly communicating the business model to the stakeholders with a holistic overview
to identify improvement areas. Design innovation also indirectly influences clearer
communication when: (i) developing innovative products/services - identifying the
functional and/or usability needs by understanding and predicting user behaviour and the
customer journey- where this understanding helps create the best channel and method of

communication, and (ii) encouraging extensive collaboration with top-level management.
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Figure 7.7: Design innovation benefit wheel for clear communication (design innovation
framework detail)

Design innovation influences can enhance clear communication both technically and
strategically (Figure 7.7). It includes identifying the target audience, choosing appropriate
means to communicate effectively, designing communication materials, and helping the

company identify appropriate and representative messages (vision, values, quality, etc.) to
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its audiences. This is closely linked with company branding (Mozota, 2003) where the
audience can be both internal (employees) and external (users/customers and prospective
users/customers). However, the research uses the term ‘communication’ rather than
‘branding’ because branding, like design, has various areas (requiring further in-depth
study) which can lead to confusion among manufacturing companies, as mentioned by
several design innovation experts. The research found that internal communication is
essential for enhancing company employee loyalty and ownership, resulting in better
commitment in developing and producing/delivering quality products/services. External
communications are also crucial to successful commercialisation, to improve brand value
and loyalty. The research therefore recommends the consideration of the design innovation
characteristics identified to influence clear communication, to maximise innovative

manufacturing companies’ internal and external branding.

7.2.1.6 Innovative product/service development

Manufacturing companies’ ultimate goal is to produce commercially successful
products/services. The research also noted that most design innovation actions are geared
towards innovative product/service development. Fourteen out of twenty design innovation
characteristics were found to directly influence the development of innovative
products/services. The research therefore recommends that manufacturing companies and
design consultancies consider these characteristics including: (i) technology utilisation to
design technologically advanced products, (ii) quality improvement by designing simple
products which are easy to produce and service/maintain, to technically and aesthetically
meet quality demands, (iii) identifying functional and ergonomic needs by understanding
user behaviour, the customer journey and their expectations in function/usability and
designing products which are functional (both in the manufacturing process and its
artefacts) by using technical design, (iv) communicating quality and lead trends and
optimising functions with product aesthetics, (v) using graphics to create an intuitive
interface for products/services, (vi) identifying, forecasting and prioritising user and
market needs/demands and adapting promptly to a changing market, (vii) using frequent
feasibility testing (prototyping) to minimise product or service failure, (viii) planning and
managing internal and external collaborations to obtain implicit knowledge and user

insight, interpreting them into useful information, while increasing internal and external
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brand loyalty, (ix) appropriate investment in design resources and expertise to increase
quality and efficiently develop products/services, (x) identifying, emphasising and
focusing resources on the USP required for products/services, and (xi) using design-led
tools to identify new sales channels and customer touchpoints to make/develop a business
model with an efficient value chain. Top-level management support has indirect influence
through support in identifying problems/ opportunities and developing efficient processes

leading to developing innovative products/services.

Innovative
Product/Service

Development

Figure 7.8: Design innovation benefit wheel for clear communication (design innovation

framework detail)

Developing innovative products/services involves design at all levels of business (Cooper
and Press, 1995, Rassam, 1995, Inns, 2002, Mozota, 2003, Brown, 2009, Topalian, 2013).
The range of design innovation characteristics identified as influencing development
clearly demonstrates this (Figure 7.8). This is the area where design is most likely to be
found in innovative manufacturing companies because it includes technical design and

many conventional ‘designing’ elements such as aesthetics and graphics/websites.
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However, the research also found that collaboration, investment, the business model and
user and market understanding have a direct influence on ‘innovative product/service
development’. It is therefore recommended that innovative manufacturing companies
consider using design innovation more broadly to increase product/service and process

innovation, in turn increasing successful commercialisation.

7.2.2 Main goals of design innovation

Design innovation’s main goals were synthesised with a selective coding process. They
represent the further categorisation of the design innovation characteristics, the three
primary benefits of which for innovative manufacturing companies are: (i) clear idea
generation, (ii) optimising the business environment, and (iii) successful commercialisation.
The literatures also identified these as essential for cultivating innovation in companies
(Teece, 1999, Kelly, 2001, Tidd et al., 2005, von Stamm, 2008, Mootee, 2013), so they are
the three areas innovative manufacturing companies should endeavour to increase, to

enhance their innovativeness.

Creative idea generation

The research identified the main source of creative idea generation as ‘extensive
collaboration” and ‘problem/opportunity identification’. Design innovation benefits
encourage and spark creative idea generation by using co-creation methods to
enable collaboration across the whole company (interdepartmental and cross-
positional) and with customers and external organisations to maximise cross-
pollination. Its empathic research of the users and a holistic approach to market and
technology research help create/optimise sales channels, resulting in a
new/improved business model. Although creative idea generation is used across
different functions of innovative manufacturing companies, its main contribution is

improving product/service and organisational innovations.

Optimising the business environment
Design innovation enables effective use of resources, including materials (reduced
waste, maximised material utilisation), processes (modular system of product

ranges), time (reduced product development and production lead time),
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productivity (a better work environment), knowledge (transfer of tacit knowledge),
and investment (where it is most needed) to optimise business performance.
Optimisation stems from design innovation benefits found in ‘work
culture/environment improvement’ and ‘efficient process development’. Improving
these areas through design innovation also contributes to improving process and

organisational innovations.

Successful commercialisation

Design innovation characteristics are determined by the nature of design innovation
actions and their effects. The effects almost always help the company achieve
successful commercialisation of products/services. However, the immediate
influences of design innovation are mainly from °‘clear communication’ and
‘innovative product/service development’. These benefits lead to successful
commercialisation by creating aesthetically and functionally desirable high-quality
products/services which are intuitive to use and easily manufactured. Their values
and unique qualities are effectively communicated through graphics on the products
and packages and promoted using appropriate channels for target customers. The
process of creating successful commercialisation therefore also entails

improvements in product/service and process innovation.

7.2.3 Construction of the framework

A framework used in qualitative research provides diagrammatic representation of a theory
or concept, to explain the relations and the phenomenon of the research (Robson, 2011).
This research adopts grounded theory (see Chapter 3), an inductive method where theory is
generated from the data (Corbin and Strauss, 2008), so the framework is constructed after
analysing the data (see Figure 7.9) obtained from the expert interviews. The design
innovation framework provides a descriptive diagram of design innovation benefits in
relation to three key goals and contributions to various areas of innovation. The three goals
of design innovation are placed at the centre of the framework, with overlapping areas
showing where contributions to innovation occur most strongly. Six design innovation
benefits are placed on the outside of the three key goals with arrows towards the three key

goals showing the main benefits. It is important to note here that these arrows do not
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represent exclusive benefits, rather, show most likely categorisation of the benefits of

design innovation derived from the qualitative analysis.
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Figure 7.9: Design innovation framework for innovative manufacturing in the UK

The framework here is finalised after evaluating the ‘beta’ version (Appendix G) with the

evaluation experts (Section7.4.1 and 7.5.1). It contains essential relationships identified

from the research, as explained in the previous sections. Design innovation’s contribution

to product/service, process and organisational innovation is shown in the intersection of

three main goals as mentioned earlier. If the six benefits of design innovation are

considered as inputs, then their contributions can be seen as outputs towards improving

innovativeness. The research has also identified that the effects of design innovation

characteristics comes from various areas of design innovation spectrum. This is most
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apparent in the ‘creative idea generation” where ‘problem/opportunity identification’ and
‘extensive collaboration” includes number of design innovation characteristics from
‘design strategy for process innovation’ areas of design innovation spectrum. This is a
good example of dynamic relationship between design innovation input and innovation
output where, in order to improve particular area of innovation (e.g. product/service
innovation), design innovation input holistically considers other areas of innovation (e.g.
process and organisational innovation as well as the product/service innovation). Therefore
in the centre, the intersection which is the common denominator of all design innovation is
labelled the “Total design innovation” which represents the space where all benefits and
subsequent characteristics of design innovation are practised similar to that of Total design
and Total innovation. It is rare to find innovative manufacturing companies practicing the
total design innovation because of its comprehensiveness, and some companies may not
require certain elements of the design innovation characteristics because of the nature of
their business. However, innovative manufacturing companies are recommended to aim to
achieve total design innovation, because that process itself enhances product/service,

process and organisational innovation.

7.3 Design innovation framework implementation

Every company has different problems with varying priorities and circumstances, so there
is no universal solution for generating, developing and disseminating innovation (Hansen
and Birkinshaw, 2007). Similarly, innovative manufacturing companies with different
levels of design innovation adaptation or maturity cannot adopt the same areas of the
design innovation framework. It is therefore difficult to generalise the implementation
guideline for the design innovation framework which fits all situations. This is precisely
why the framework must be comprehensive, to provide options to manufacturing
companies to select and prioritise the areas requiring immediate attention, in order to take
steps towards total design innovation practice. The research addresses this issue using the
scenario method to provide three common situations to recommend how the design
innovation framework can be implemented. A synthesis of strategic and innovation

management processes produced a recommended design innovation implementation
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process. The process requires companies to understand the business situation where
problems and/or opportunities are realised, and a willingness to use the framework to help
improve the aspect of their innovativeness which was identified as important in
implementing any design innovation activities/processes (Section 6.2.1.6). A design
innovation matrix was also developed to assess the company’s maturity in both design and

innovation whilst running a business environment scan.

7.3.1 Implementation process

The design innovation framework suggests a comprehensive area of implementation in
order to enhance innovativeness by adopting or improving design innovation
characteristics according to an individual company’s situation or strategy. As the design
innovation phenomenon is inevitably complex, made up with complex array of actions and
consequences, especially for the non-design professionals and manufacturing companies
with a limited view of ‘design’ in their company. The research addresses this issue by
simplifying the complexity using the framework to show concisely the six areas of design
innovation benefits in relation to three main goals of design innovation which can easily be
accepted by manufacturing companies. However, the researcher recognises that this
simplification can make using the framework difficult to start and manage. The varying
situations and strategies of individual manufacturing companies present implementation
challenging, as different companies will require different areas of focus to effectively
increase their innovativeness. A generic implementation process for the design innovation
framework is therefore recommended, a constant variable within complex variables in
order to provide stability for the framework implementation. The process itself is a hybrid
of strategic management processes (Peter, 1993, Wheelen and Hunger, 2002), design
thinking processes (Brown, 2009, Liedtka and Ogilvie, 2011) and innovation
management/audit processes (Tuominen et al., 1999, von Stamm, 2003, PWC, 2013a). The

generic process of design innovation framework implementation is suggested in Table 7.2.

The process includes acknowledgement of the initial problem/opportunity, which is not
found in any of the management, design and innovation processes. However, as already
briefly mentioned, the research found that - as emphasised by both design innovation and

manufacturing experts - a crucial factor for implementing design innovation in a company
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is recognition of a problem or opportunity by top-level management. Furthermore, the
emphasis of the process can be on prioritisation of specific areas of immediate
improvement as the research also noticed manufacturing companies’ reluctance to allocate
resources (financial/staff time) to developing design innovation (see Chapter 4). One way
suggested by the design innovation experts is to start with small manageable projects to
show the value of design for that particular company, then once the company (top-level

managers) recognises the value for further investment, proceed to the next step.

Table 7.2: Design innovation framework implementation process

Process Description
Business problems such as decreasing sales and increasing competition,
stale business, or opportunities through new technology development
are acknowledged.
Using strategic tools familiar to the business such as SWOT, PESTEL,
Balanced Scorecard, Boston Matrix, etc., to understand both external
and internal business environments. The external environment includes
social, economic and political forces, market/industry analysis, and the
2. Business Environment internal environment includes company structure (chain of command),
Scanning culture (beliefs, expectations, values) and resources (assets, skills,
competencies, knowledge). Understand the position of the company
and its products/services in the current market. Prioritise the core area
to develop to maximise the company’s strengths and reduce

1. Acknowledgement of
Problem/Opportunity

weaknesses.
3. Review Mission and Vision | Identify, and revise if necessary, the reason for the company’s existence
Statements and values it manifests both internally and externally.

Use tools such as Performance Profiling to assist in setting company
priorities. Assess the competitor or the company’s own desirable
performance level to set a target. Identify the company’s current
4. Benchmarking performance levels in the same categories to identify the weakest areas
to be prioritised. Assess the performance level of best practice in the
sector (or the company’s own desired level) using the six benefits of
design innovation.
Using the design innovation framework, identify the priority
characteristics and subsequent design innovation actions to be
considered in creating a development programme.
6. Create Programme and Create programmes to deliver the outcome, including timing

Allocate Budget responsibilities and cost to achieve the target.
Measure the actual outcome of the programmes against objectives,
reviewing and amending as necessary.
Moving from step 7 to 4: Further development in the Design Innovation Framework for Total
design innovation

5. Identify Design Innovation
Characteristics to Develop

7. Evaluate Outcome

It is thus essential to address the company’s priorities (whether survival or growth) with
design innovation, rather than have a set of preordained standardised steps to force design
innovation actions in the company. Furthermore, due to the complex nature of design

innovation, it is recommended to acquire a design innovation expert assistant to utilise the
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full potential of design in enhancing innovativeness and subsequent competitiveness and

growth for the innovative manufacturing companies.

7.3.2 Design innovation matrix

The level of design maturity and innovation involvement are important indicators to
consider when implementing and prioritising areas of the design innovation framework -
not as an audit of capabilities, rather as an overview of the situation of the company’s use
and implementation of design and innovation. The design maturity level is adapted from
the Danish Design Centre design ladder (DDC, 2003) which is also adopted by the SEE
project (SEE, 2010), DME Awards in assessing design management capabilities (Kootstra,
2009) and Storvang et al, putting the design capacity framework in the Danish context
(Storvang et al., 2014). Drawing on previous and current usage of the design maturity
indicators (also referred to as a design ladder), in this research the maturity levels are
divided into five stages: (i) no design - design plays no role in product/service development,
(ii) design as styling - design is only relevant in terms of style, (iii) design as process -
design is integral to the development process, (iv) design as strategy - design is a key
strategic means of encouraging, and (v) design as culture - design thinking practiced at all
levels of the business. After considering design maturity, the innovation involvement by
Bessant and Tidd (2007) is adopted to gauge the level of innovation maturity, similar to the
design ladder concept. The adopted stages of innovation involvement are: (i)
natural/background - little or no systematic innovative involvement, (ii) structured - some
systematic innovative involvement in parts of the organisation, (iii) goal-oriented - aligning
strategic goals with systematic innovation, (iv) proactive/ empowered - internally initiated,
open-ended learning innovative involvement, and (v) best practice - innovative
involvement as the dominant culture. The maturity level indicators for both design and
innovation were used to form the design innovation matrix, with the design innovation

spectrum showing the maturity of both design and innovation in the company (Figure 7.10).

The design innovation spectrum is added to the matrix to provide relevance to the design
innovation framework. It also provides a balanced view between design and innovation
where a company’s optimum position will be within the spectrum which indicates using

design to encourage greater company involvement in innovation.
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Stage 5

Design Maturity

No Design- Design plays no

Innovation Involvement

Little or no systematic

< Stage role in product/service nnovative involvement
@ development
v}
= ) Design as Styling- Design is Some systematic innovative
] Stage 2 || only relevant in terms of nvolvement in parts of
" ™ style organisation
= o
c & Design as Process- Design
2 . f Aligning strategic goals with
@ Stage 3 || is integral to the =
o] o systematic innovation
[a] development process
o™
% Design as Strategy- Design Internally initiated
& Stage 4 || is a key strategic means of open-ended learning
encouraging innovation nnovative involvement
P Design as Culture- Design Innovative involvement as a
3 Stage 5 | thinking practiced in al - =
0

evels of business

dominant culture

Stage1 Stage2 Stage3 Stage4  Stage 5

Innovation Involvement

Figure 7.10: Design innovation matrix (left) with a description of each stage for design and
innovation (right)

7.3.3 Scenarios

Scenarios are often used in strategic management practice as a tool to identify signposts
and strategic foresights which lead to important changes for a company to thrive on
uncertainty (Toner et al., 2015). It is also used by design professionals to provide real-life
context to concepts, and to foresee possible future situations for creating appropriate
solutions (Kumar, 2013). This research also adopts the scenario to provide a context for
using the design innovation framework and its implementation, as every manufacturing
company has different problems with varying priorities and circumstances and different
levels of design innovation adaptation or maturity. The scenario must be pertinent,
coherent, and plausible for it to hold any value in business (Durance and Godet, 2010), so
the scenarios for this research were created using the forty-six innovative manufacturing
company case studies, searching for common situations likely to initiate design innovation
framework implementation. The research found three situations which cover the majority
of companies: (i) the company with decreasing market share and customers, (ii) the
established company wanting to expand its business, and (iii) the entrepreneurial
technology start-up company. The three situations are similar to areas of support by the
Design Council’s Designing Demand programme (DC, 2010) which adds plausibility of
the scenarios. Three innovative manufacturing company scenarios were created using these
common situations, by using the characteristics of companies found in the case study and
the examples suggested by design innovation and manufacturing experts during in-depth

interviews.
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The solutions to the problems faced by these innovative manufacturing companies are also
derived from the case study and the design innovation and manufacturing experts which
are then approved by the evaluation experts (see Section 7.4.4). The researcher recognises
there may be other possible solutions because of the endless variables in the scenario
situations. However, to formulate the research recommendations, the solutions focused on
the design innovation framework and its implementation process. An example of the
scenario presentation in the design innovation framework booklet is shown in Figure 7.11,

Figure 7.12 and Figure 7.13. Full presentation of all scenarios can be seen in Appendix H.

7.3.3.1 Scenario 1: ‘Company A’ with decreasing market share and customers

Company A is a manufacturing company which supplies temperature measurement devices
for the oil and gas industry to ensure pipelines maintain a constant temperature. The
company was founded by a group of researchers with an engineering background when
they developed a new technology which can be used in extreme environments with great
accuracy and can be produced at relatively low cost. The first product was launched fifteen
years ago. The product has been improved over the years for greater accuracy, but
competition has increased, especially from overseas companies providing a similar product

at lower prices. With declining product sales, the company wants to survive in the market.

Acknowledgement of problem/opportunity

The founders and top-level managers are aware of falling market share and sales.
However, the recent introduction of less sophisticated but cheaper products made
by companies in Italy and Brazil have become such a threat that they are starting to
lose even the regular clients who are stringently cutting costs because of the global
oil price decrease. In an annual strategic meeting, they all agreed the need to
increase innovativeness to compete in the market, and decided to hire a design
innovation consultancy as recommended by the Business Growth Service (former
MAS). The consultancy uses the Design Innovation Framework to assess, advice
and deliver better innovation for the company.

Business environment scanning

Company A’s main product is in the late stage of its lifecycle, adoption and sales
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both declining. The consultants ran a series of workshop sessions with top-level
managers and key employees to critically evaluate the company’s situation and
position using both traditional tools familiar to the stakeholders (SWOT analysis
and the Boston Matrix) and some design-led tools (Lovemark and the Design
Innovation Matrix) (Figure 7.14). The priority was initially set as ‘successful
commercialisation’ in the Design Innovation Framework, as the most urgent area
was survival in the market. The company’s core competence was identified as its
unique patented technology which accurately measures temperatures at a higher

pressure than any of its competitors.

Stage 4 Stage 5

Stage 3

Design Maturity

Stage 2

' E

Stage 1

Stage1 Stage2 Stage3 Stage4 Stageb

Innovation Involvement

Figure 7.14: Design innovation matrix for Company A

Review mission and vision statements

The company had no mission or vision statements, but top-level managers realised
the importance of such statements to address company values to both employees
and customers. After the workshop with consultants, top-level managers and
participating employees from different departments, they created mission and

vision statements which represent the company’s core competence and values.

Benchmarking
The leading company in a similar sector to Company A was identified to
benchmark its performance. The performance of six areas of design innovation
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benefits were identified and compared with Company A’s self-assessment.
Problem/opportunity identification, clear communication, innovative product/
service development, and efficient process developments showed the biggest
difference in performance. These areas were therefore chosen for further
development and the company’s strategic priority was confirmed as ‘successful
commercialisation’ to increase product/service and process innovativeness (Figure
7.15).

./...

N\ [ Problem/
¥ cocnsive ) | Opportunity
ollaboratic | Identification |

\ Collaboration |

Contribution towards
Product/Service Innovation
Creative Improvements
Idea Generation
/
f
//,' .'/'.'
/ Clear
|| Environment |} , Communication
..""l\lﬂpmvwcr-}": |  Optimising Successful
|  Business Commercialisation

Environment

Innovative

' Product/Service |
| Development /

) i Y ’ 4
Contribution towards gl
Process Innovation
Improvements

Figure 7.15: Design innovation framework with strategic priorities in successful
commercialisation (Company A)

Identifying which design innovation characteristics to develop

For clear communication, design innovation characteristics including computer
aided design (digitising ideas, better visualisation of concepts), aesthetics
(communicate quality, convey brand message), product/service value promotion
(visual communication, identify effective promotion methods), company
vision/values (communicate company vision) and unique selling proposition

(emphasise USP in product/service, communicate USP) were identified as priorities.
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The characteristics to prioritise for innovative product/service development were,
technology utilisation (identify appropriate technology gap), quality improvement
(simple component design, design for effective assembly), aesthetics (leading
trend), user need/demand (forecast future demand, identify opportunity for new
users) and market need/demand (prioritise improvements in the market). Finally,
the following were identified for improve problem/opportunity identification: user
need/demand (identify the customer journey, utilisation of design research
methods), market need/demand (understand the current market, scout for new
markets, identify competition), internal collaboration (encourage idea-sharing,
communication between stakeholders) and the business model (identify new sales
channels, utilisation of design-led tools to create a business model) (Figure 7.16
and Figure 7.17).

Create a programme and allocate a budget

The design innovation consultancy has developed a series of programmes for using
design to develop the appropriate areas identified as a priority. Not all programmes
were executed to keep the development within the budget. The final outcome is a
series of products to complement the existing product. An emphasis was advocated
on delivering a brand image of quality and technological advancement, using
aesthetics and communications for the new products. The products are positioned at
the upper end of the market, with expansion to aerospace and defence to increase

exports.

Evaluate the outcome (back to Benchmarking - further development in the
design innovation framework for total design innovation)

Programmes developed using the design innovation framework have been mostly
successful. The strategic targets to survive in the market with increasing
competition have been satisfied with increased competitiveness by using design
innovation elements. Furthermore, a new overseas market has provided the
company with much needed cash-flow to invest in other areas of design innovation
benefit (creative idea generation) to increase the company’s innovativeness further

towards Total design innovation.
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7.3.3.2 Scenario 2: Established ‘Company B’ which hopes to expand its business

Manufacturing company B has a stable list of clients with solid demand for its products
and services. The company, established forty years ago, produces electrical switches for
both domestic and commercial use (B2C and B2C) with eighty per cent of its sales in the
EU. The company is known for its product reliability with continuing improvements to
satisfy current users’ demand. It is also capable of providing bespoke products in small
batches and subsequent services to its clients by using a flexible manufacturing method.
However, the company directors want to anticipate the fast changing market environment

by increasing innovativeness in the company.

Acknowledgement of the problem/opportunity

The company has stable cash-flow and revenue, but the top-level managers agree
that business has become stale both in the product offerings and in the work culture.
They therefore decided to improve their innovativeness to ensure business
expansion and anticipate future competition. A dedicated innovation team offers
the customer new or improved products every year, but the directors agreed to use
the team to develop the process and organisational innovation to increase the
company’s profit margins and competitiveness. The innovation team decided to use
the Design Innovation Framework to diagnose and improve the company’s

innovativeness.

Business environment scanning

The innovation team conducted a series of interviews with employees in various
departments to understand the work culture and identify areas which could be
improved. They found that Company B’s production process has not changed for
over twenty years. A large proportion of the shop-floor employees have been with
the company for over ten years, but with minimal involvement in the NPD. The
design team consists of engineering designers and a product designer, but their
involvement in innovation is low, which is represented in the design innovation
matrix (Figure 7.18). The findings were presented in a boardroom meeting, and the

directors decided to prioritise ‘optimising business environment’.
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Figure 7.18: Design innovation matrix for Company B

Review mission and vision statements

The company’s mission is to provide reliable light switches which can be used
everywhere from domestic homes to space stations, but the mission and vision were
not communicated adequately either internally or externally. After a workshop with
key employees, directors and external consultants, an additional competence of the
company was established, so the mission and vision were altered to reflect the new

capabilities.

Benchmarking

The innovation team also ran a workshop to understand the market situation,
inviting academics in the same sector and consultants who have worked in a similar
sector. They benchmarked three companies, one a well-known innovative global
company, another company in a similar sector, and lastly a direct competitor with
Company B. As a result of the session, the company decided to prioritise “efficient
process development’, ‘work culture/ environment improvement’ and ‘extensive
collaboration’ (Figure 7.19), led by the innovation team in the first phase of

innovation development.
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Figure 7.19: Design innovation framework with strategic priorities in optimising business
environment (Company B)

Identify design innovation characteristics to develop

To enable extensive collaboration, internal collaboration (extracting implicit
knowledge, communication between stakeholders, synthesis of ideas, a place for
collaboration), external collaboration (involve users/clients in NPD, identify areas
needed for external collaboration, interpret and mediate information, develop a
programme of collaboration), top-level management support (prioritisation of
innovation) were all identified as priorities for improvement. Identified priorities
for work culture/environment improvement design innovation characteristics were
company vision/values (create customer focused vision, identify key values,
encourage employee participation), physical work environment (optimising
production/assembly flow, flexible working space), internal collaboration
(encourage  idea-sharing, = communication  between  shareholders) and
graphics/website (consistent internal branding, clear communication). Finally, the

characteristics chosen to prioritise for efficient process development were
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technology utilisation (identifying appropriate technology, identification of
technology gap), feasibility testing (identify user preferences), knowledge
capture/transfer (visualise knowledge pool, identify the expertise required in NPD,
improve articulation of experiences), the physical work environment (optimise
production/assembly flow, flexible working space), and the business model
(identify a new sales channel, holistic overview of business model, utilisation of
design-led tools to create a business model, identify problem/opportunity in the

business operation) (see Figure 7.20 and Figure 7.21).

Create a programme and allocate a budget

Using the priority design innovation characteristics, briefs were created for design
innovation and engineering design agencies. The objectives of the collaboration
between the agencies and the innovation team are: (i) review and create a business
model to increase profit, (ii) develop internal branding to improve internal company
communication (iii) increase employee engagement in NPD and idea-sharing by
including collaboration spaces between the shop floor and offices, and (iv) optimise
the production process by utilising the latest technology to reduce wasted space and

resources.

Evaluate the outcome (back to Benchmarking - further development in the
design innovation framework for total design innovation)

A design innovation consultancy was hired to work with the innovation team,
conducting projects to fulfil objectives (i) and (ii). Internal branding has changed
the work culture significantly. Employees are much more satisfied with the work
and now share ideas more frequently. Implicit knowledge of more experienced staff
is now cross-pollinated in different departments. The company has started a second
phase of optimising business (objectives (iii) and (iv)), initiated by collaboration

among employees, led by the innovation team.
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7.3.3.3 Scenario 3: Technology entrepreneurial start-up ‘Company C’

Company C is a start-up manufacturer producing products using technology developed
from a university research lab. The core technology is the ability to manipulate specially
formulated aluminium alloy power to create 3D objects with high accuracy, using a self-
built 3D printer. It produces bespoke parts for Formula One cars and for military
application. The company has been given a government start-up grant but requires further
investment to continue refining the process to become more widely available. The founders
also want the company to adopt total design innovation theory in order to build an

innovative business which can lead the market.

Acknowledgement of problem/opportunity

The company founders hope to build a company which excels in innovation, to find
new opportunities with the existing in-house technology. As a start-up company,
the company operation is very flexible in adopting new approaches but not
systematic. The company now works with a university which runs a design
innovation boost programme for technology start-ups. The programme uses the
Design Innovation Framework to support manufacturing companies to practice
Total design innovation which addresses comprehensive design innovation areas to

enhance company competitiveness.

Business environment scanning

A design innovation consultant was linked with the company by the university
support programme. The consultant ran a workshop with Company C founders and
employees to identify the company’s business environment, using brainstorming
and the PESTEL tool. The consultant assessed the company on the design
innovation matrix to show the current maturity of design and innovation (Figure
7.22). The workshop outcome was identifying the company’s core competence,
both in the technological sense and in how they create the bespoke products
demanded by their clients. They also identified their lack of systematic idea
generation leading to a new product, because the company only relied on fulfilling
client requests to produce bespoke products. The company has therefore decided to

initiate the total innovation journey with “creative idea generation’.
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Figure 7.22: Design innovation matrix for Company C

Review the mission and vision statements

The company focus has been technology advancement, but the workshop provided
new ideas and possibilities, so the founders identified a new vision for the company:
to focus more on cultivating and using creativity to become more innovative in
product, service, process and the organisation as a whole. The perception of design
has also changed, and they are now considering hiring a design director to lead all

the company’s design innovation operations.

Benchmarking

A second workshop was held with the consultants and other professionals in the
field similar to Company C. Before the workshop, the company founders identified
several companies they wanted to benchmark. Some were multinational companies
in a different sector and some were some organisations in the same sector. Initial
discussions identified the performance level in the six essential benefits of design
innovation. Further desk research identified priority areas for the company:
‘extensive collaboration’, ‘problem/opportunity identification’, and “‘clear

communication’ (Figure 7.23).
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Figure 7.23: Design innovation framework with strategic priorities in creative idea
generation (Company C)

Identify design innovation characteristics to develop

To enable extensive collaboration, priorities for improvement were identified:
investment (investment in design expertise), physical work environment (flexible
working space, space for collaboration), and external collaboration (identify areas
needed for external collaboration, develop programme of collaboration). For
problem/opportunity identification, design innovation characteristics including the
business model (identify a new sales channel, use of design-led tools to create a
business model), user need/demand (forecast future need/demand, identify
opportunities for new users), and market need/demand (scout for new market
opportunities, prioritise market improvements). Finally, priority characteristics
identified for clear communication were aesthetics (communicate quality, convey
the brand message), graphic/website (consistent branding, attractive promotional
material, engaging website), company vision/value (communicate the company
vision), and unique selling proposition (communicate the USP, focus resources to
develop the USP) (see Figure 7.24 and Figure 7.25).
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Create a programme and allocate a budget

The company, with support from the consultant, created a strategic plan to develop
the priority design innovation characteristics. First they emphasised the company
USP and branding and created a business model which was received well by new
investors. With the investment, the company hired a new creative director to create
design-led programmes in order to understand potential new users and markets and
find opportunities. The company has also created set of programmes to enhance

creativity in NPD and new service offerings to use its technology in a new market.

Evaluate the outcome (back to Benchmarking - further development of the
design innovation framework for total design innovation)

The programmes developed through the design innovation framework and
university collaboration have made the company more competent at identifying
opportunities and delivering products and services which potential users would
value. The immediate financial achievement through new investment has helped
the company to grow its design innovation capabilities and expand into new
markets by understanding the new users. The company now seeks to improve its
innovativeness further by developing other design innovation characteristics,

working towards becoming a total design innovation company.

7.4 Design innovation framework and implementation evaluation

The initial design innovation framework and subsequent implementation process (see
Appendix G) were evaluated by experts in design innovation and manufacturing who are
also prospective framework users. They included top-level managers of UK innovative
manufacturing companies (n=4), senior/middle managers heading design or innovation
departments (n=3), and design innovation consultants (n=3) with extensive experience of
advising on design innovation at all business levels of UK innovative manufacturing
companies (Section 3.3.5.4). The key issues addressed in the evaluation interviews were: (i)
acceptability, (i) potential usefulness, (iii) comprehensiveness, and (iv) usability of the

framework, implementation and scenarios. The initial framework and implementation
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(including the scenarios) were included in a booklet designed to obtain feedback.
Additional details (the design innovation spectrum, and design innovation characteristics)
were also included, to explain the logic behind the framework construction. Interviewees
were asked to go through the booklet and share their thoughts while the researcher asked
questions relating to the key issues. Due to the time constraints of the research, the
framework could not be evaluated after ‘real-life” use. Therefore the experts were asked
provide their opinions of the framework’s potential usefulness and usability if it is applied

in the ‘real-life’ situations.

The theories which construct the framework are derived from expert interviews. Two of
the evaluation experts (interviewees EE4 and EE10) were involved in this theory-building
stage. Although the framework contains more design innovation actions and effects, added
by other experts, interviewees EE4 and EE10 were asked about the validity of the
framework construction. Both experts regarded the framework construction process as
detailed and plausible. They also recognised the complexity of analysing different opinions
to formulate a theory, but broadly agreed with the results (design innovation characteristics)
as a good representation of their opinions of the phenomena.

7.4.1 Design innovation framework evaluation

The design innovation framework has been well received for its acceptability, potential
usefulness, comprehensiveness and ease of use. Although, the framework was sent prior to
the interview, most interviewees could not allocate time to review it in detail. The
introduction explaining the purpose and brief background of the framework’s construction
was therefore unfamiliar to most interviewees. Despite this lack of prior awareness, most

of the evaluation experts understood the framework (Table 7.3).

Table 7.3: Result of evaluating design innovation framework as whole

Manufacturing Design/Innovation Design/Innovation | Total number
(n=4) managers (n=3) consultants (n=3) | agreed (n=10)
Acceptable EE3, (EE2)*, EE4 EES5, EE6, EE7 EES, EE9, EE10 8 (9)*
Potentially EE1, EE3, EE4 EES5, EE6, EE7 EES, EE9, EE10 9
Useful
Comprehensive | EE1, EE2, EE3, EE4 | EE6, EE7 EES8, EE9, (EE10)* | 8 (9)*
Easy to EE1, EE3, EE4 EES5, EE6, EE7 EES, EE9, EE10 9
use/understand

*Note: interviewees partially agreed that the framework is acceptable and comprehensive
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The experts from the design innovation group agreed most strongly on the framework’s
potential usefulness, regarding it as an appropriate overview of design innovation ability
for UK innovative manufacturing companies much like an audit (interviewees EE8 and
EE10), and for the different areas of design influences so that top-level managers/clients
can better understand (interviewees EE5, EE6 and EE9). The manufacturing experts
initially questioned the design innovation framework’s fundamental purpose, asking
whether every company at every level of business actually needs design, creativity and
even innovation (interviewee EE1), asking about the difference between the design
innovation framework and other management processes such as lean six sigma
(interviewee EE2). The manufacturing experts’ comments may be explained by their
company’s resistance to change (interviewee EE1), but the researcher noticed a significant
change in tone from scepticism to acceptance during the course of the interviews. In the
same senesce, interviewee EE4 recognised the framework’s potential usefulness for his
company, but also commented that it is not obvious at first glance. Interviewee EE1’s
comment about the need for design in businesses mentioned earlier is interesting because,
firstly it shows the range of perceptions of design in the interviewee group, and secondly, it
echoes the points made by the design innovation experts about the importance of top-level
management’s commitment to implementing design innovation in their company (Section
6.2.16).

The six design innovation benefits were regarded by most interviewees as adequately
demonstrating the benefits to the company, with a good balance of detail and simplicity
(interviewees EE4, EE6, EE8 and EE9) in a format which makes complex relationships
easy to understand (interviewees EE1, EE3, EE5, EE7 and EE10). However, questions
about their influences on the three main goals included interviewees EE3 and EE5’s
comments about design innovation benefits influencing all three main goals. After further
explanation about the framework’s intention to show the likely main direct influences,
which can indirectly influence all the other goals, interviewee EE5 agreed with the
arrangement of the six design innovation benefits. The evaluation experts broadly agreed
on the frameworks’ contents, but some further explanation was required to clarify the

detailed meaning behind them.
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When the three main goals of design innovation were further discussed, again the
overwhelming majority of interviewees agreed with the main goals to improve different
types of innovation, and it was also noted that ‘user’ (interviewee EE10) and ‘brand’
(interviewee EES8) - considered important by many design professionals - are not clearly
represented. The research recognises the importance of users and branding for design to
enhance innovativeness and that it is essential for design innovation. However, the research
deconstructs the influences into other terminology e.g. the main elements of branding and
users are conflated into ‘clear communication’, ‘work culture/environment improvement’,
and ‘extensive collaboration’. This becomes even more apparent with twenty design
innovation characteristics in the framework details. Interviewees EE8 and EE10 recognised
this, and the high level of comprehensibility, as they went through the framework details.
Interviewees EE2 and EE10 also noticed that the three main goals are in a process of
innovation (creative idea generation in an optimised business environment leads to
successful commercialisation). The researcher agrees with this point (see Sections 7.2.1.6
and 7.2.2) that a company’s ultimate goal is commercial success. Interviewees EE7, EE8
and EE10 mentioned that prioritisation of the design innovation’s main goals to improve
innovativeness is not clearly shown in the framework. Again, this issue was resolved when
they went through the entire framework booklet, as prioritisation is included in the
implementation section. The overlapping areas of the three main goals and their influence
on different types of innovations (product/service, process and organisational) was
regarded as appropriate by almost all interviewees; although the researcher had anticipated
possible arguments against the placement, the evaluation experts regarded it as logical and

acceptable.

7.4.2 Design innovation framework details evaluation

The framework details included six design innovation benefit wheels, two on each page,
which provide influences on one of three main design innovation goals. As shown in the
previous section (section 7.2.1), each wheel shows all twenty design innovation
characteristics and their primary and secondary influences which construct individual
design innovation benefits. Again, the balance between detail and simplicity in the
graphical representations was considered important in creating these framework details and

most evaluation experts commended this effort (Table 7.4).
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Table 7.4: Result of evaluating design innovation framework details

Manufacturing Design/Innovation | Design/Innovation | Total number
(n=4) managers (n=3) consultants (n=3) | agreed (n=10)
Acceptable EE1, EE3, EE4 EE5, EE6, (EE7)* | EES, EE9, (EE10)* | 7 (9)*
Potentially EE1, EE2, EE3, EE4 | EE5, EE6, (EE7)* | EE9, EE10 8 (9)*
Useful
Comprehensive | (EE1, EE2)*, EE3, (EE5)*, EE6, EE7 | EES, EE9, EE10 7 (10)*
EE4
Easy to (EE1)*, EE3, EE4 (EE5)*, EE6, EE7 | EES, EE9, EE10 709)*
use/understand

*Note: interviewees partially agreed that framework details are acceptable, useful, comprehensive
and easy to use/understand

The design innovation framework details are a complex array of direct/indirect influences
of design innovation characteristics. Complexity was inevitable with the many actions and
effects design innovation has for innovative manufacturing companies. The evaluation
experts noticed this and some commented on the complexities of understanding what the
framework details represent (interviewees EE1, EE2, and EE5). This is attributable to its
visual representation (interviewee EE1), too much information (interviewee EE10),
possible repetitiveness of the characteristics (interviewee EE5), and an unclear distinction
between direct and indirect influences (interviewee EE2). Despite these concerns, the
framework details were generally understood and agreed by the overwhelming majority of

the evaluation interviewees.

The design innovation characteristics were also evaluated. The discussions brought mixed
opinions, the majority of the design innovation group arguing that they are a
comprehensive representation of design innovation influences. However, the top-level
managers of manufacturing companies had split opinions: although all agreed the
characteristics are comprehensive, some queried whether they are exclusive to design
innovation (interviewees EE1 and EE2). This is understandable as the research repeatedly
states that the characteristics do not aim to show the influences exclusive to design
innovation, but rather suggest the design innovation actions as a part of the initiatives to
improve these areas. Some characteristics consist of more actions by design innovation e.g.
technical design and graphics/websites, although in some areas, design innovation is only
used as a initiator and mediator of information, e.g. top-level management support,
business model, etc., However, time constraints meant that the level of influences were not

considered in the research, so they are not included in the framework details.
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There were questions about the influences (arrows pointing towards the benefits) of design
innovation characteristics. Just under half the experts (interviewees EE3, EE4, EE5, and
EE8) mentioned that some characteristics they consider relevant are not connected with a
particular benefit (e.g. ‘investment’ characteristics on the ‘clear communication’ benefit).
However, this was mainly because the experts did not notice and/or understand the legend
provided with the details i.e. primary and secondary influences. The level of importance
for the characteristics was also mentioned (interviewees EE5 and EE10) to make the
framework detail more accessible. However, the research could not adequately prove the
broad importance of each characteristic, and conversely argued against ranking them by
importance because of the varied situations and circumstances of innovative manufacturing
companies, leading to different priorities resulting in variable levels of importance. This is
further addressed in the implementation process where the company has to prioritise the
characteristics to develop, according to their situation, vision and business objectives.

7.4.3 The implementation process evaluation

The recommended generic implementation process was evaluated prior to the scenarios to
present the argument for justification, and to explain the process of implementing the
design innovation framework. It consists of the process itself and the design innovation
matrix as a tool to indicate the maturity of design and innovation involvement. Almost all
evaluation experts agreed on the logic behind the process and the matrix, and it potential

usefulness for innovative manufacturing companies (Table 7.5).

Table 7.5: Result of evaluating the generic implementation process

Manufacturing Design/Innovation | Design/Innovation | Total number
(n=4) managers (n=3) consultants (n=3) agreed (n=10)
Acceptable EE1, EE2, EE3, EE4 | EES5, EE6, EE7 EE9, EE10 9
Potentially EE1, EE3, EE4 EE5, EE6, EE7 EE9, EE10 8
Useful
Comprehensive | EE1, EE2, EE3, EE4 | EES5, EE6, EE7 EES8, EE9, EE10 10
Easy to EE1, EE3, EE4 EE5, EE6, EE7 EES8, EE9, EE10 10
use/understand

The design innovation framework implementation was designed to maximise the potential
use of the framework in a business setting. It therefore uses combinations of strategic

management, innovation and design thinking theories to comprehend the familiar process
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which companies adopt to enable changes to improve company performance. This was
well received by the evaluation experts, especially those in innovative manufacturing
companies. However, interviewee EE8 offered the insight that the very nature of a generic
process could hinder acceptability, especially coming from an external consultant.
Contrasting options were provided by another design innovation group expert (interviewee
EE9) who said that the thorough easy to understand process will help convince clients
(innovative manufacturing companies) to consider using the process. Such contrasting
arguments were anticipated as the research also argues for flexibility in using the
framework in different business settings. However, as a recommendation, the process itself
will be sufficient, as argued by the experts in innovative manufacturing companies.
Interviewee EE2 argued that ‘benchmarking’ is not appropriate for ‘innovation’,
explaining that innovation should not concentrate on what others are doing, but excel
beyond that to create new products/services to lead the market. His point emphasising
radical innovation is valid, but the purpose of benchmarking in the process is not to fast-
follow the competitors; it is to better understand the company’s business situation to
identify and prioritise the improvement areas. All the design innovation experts agreed
with the importance of having the initial stage of ‘acknowledgement of
problem/opportunity’, arguing that without this, the implementation process would not

start.

The design innovation matrix was also well received by the evaluation experts once they
understood the purpose correctly and found it potentially very useful for innovative
manufacturing companies. However, there was a question about how the matrix relates to
the whole implementation process (interviewee EE4) and who determines the level of
design and innovation (interviewees EE1 and EE6). These questions were answered while
discussing the scenarios and the experts subsequently agreed on the use and relevance of

the matrix.
7.4.4 The scenarios evaluation

The use of three scenarios was fully appreciated by the experts as providing clearer

understanding of the design innovation framework and its use in innovative manufacturing
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companies (Table 7.6). It provided answers to many questions raised from going through

the framework and its details.

Table 7.6: Result of evaluating scenarios

Manufacturing Design/Innovation | Design/Innovation | Total number
(n=4) managers (n=3) consultants (n=3) agreed (n=10)
Acceptable EE1, EE2, EE3, EE4 | EES5, EE6, EE7 EES8, EE9, EE10 10
Potentially EE1, (EE2)*, EES, EES5, EE7 EES8, EE9, EE10 8 (9)*
Useful EE4
Comprehensive EE1, EE2, EE3, EE4 | EES5, EE6, EE7 EES8, EE9, EE10 10
Easy to EE1, EE2, EE4 EE5, EE6, EE7 EE7, EES, EE9 9
use/understand

*Note: interviewees partially agreed that scenarios are useful

The scenarios were comprehensive enough to provide elements which all experts in
innovative manufacturing companies could relate to in their current or past situations. This
does not mean the companies where experts work share exactly the same problems, but
there are recognisable segments in the scenario which the experts could relate to. The
scenarios also helped the design innovation consultant experts reflect on their previous
work with UK innovative manufacturing companies. The recommended priority areas and
programmes in the scenarios were also broadly acceptable to the consultants. Some experts
became so deeply immersed in the scenarios that they started to ‘consult’ on how different
design innovation characteristics could be used to improve the situation in the scenarios
(interviewees EE4, EE9 and EE10) - a positive sign that the design innovation framework
and subsequent implementation process are intuitive enough that the experts immediately
started to use them when a situation (scenario) was given. However, questions arose about
how companies would prioritise the areas to develop (interviewees EE3, EE4 and EE6),
which raises a fundamental question about the scope of the research. This research aims to
provide a comprehensive overview of design innovation to improve innovativeness (the
framework) with design innovation actions identified as having benefits for innovative
manufacturing companies, which lead to improving different types of innovation. However,
the research cannot provide a generalised way or an exact method of identifying the areas

to develop in the framework, as it is not within the scope of the research.

Interviewees EE8 and EE10 suggested showing in the design matrix the prospective stages

of design maturity/innovation involvement after implementation, to show how applying the
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design innovation framework could change the company’s position. Most of the evaluation
experts clearly understood the description of each stage but questions arose about the
presentation of ‘identify design innovation characteristics and its elements to develop’, as
it can be tedious to go through (interviewees EE1, EE5, EE7 and EE10).

7.5 Finalisation of the design innovation framework

The evaluation of experts from innovative manufacturing companies and design innovation
consultancies provided suggestions for improving the framework and implementation
process. These recommendations are aggregated to increase the validity of the research
outcome and to increase acceptability, potential usefulness and ease of use/understanding.
As the overwhelming majority of experts agreed on the framework’s comprehensiveness,
details and implementation, including the scenarios, the contents of the framework will not
be changed. Details of the improvements suggested for each stage of the framework will be
discussed in the following section, however, the experts’ recommendations for the

framework as a whole include:

» Better/simpler explanation of terminologies (interviewees EE1, EE2 and EE10),
» Better visual overview in the introduction (the researcher’s observation),
* Use of colour to more easily understand different elements throughout the

framework booklet (interviewee EE4).

The research and framework terminologies and overview were explained in the
introduction. However, prospective users (the experts) often skipped the introduction
because of the amount of information there, leading to many misunderstandings of the
framework. The framework and subsequent booklet were made in greyscale in order to
reduce the file size, which reduced the opportunity to use colour to provide more vibrant
and distinguishable contents. These issues are addressed in the final design innovation

framework (see Appendix H).
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7.5.1 The final design innovation framework

The design innovation framework improvements areas identified during the evaluation

interviews were:

Clearly indicate that each design innovation benefit can also influence other
main goals of design innovation (interviewees EE3, EE4, EE6, EE9 and EE10)
Indicate where brand and users are in the framework context (interviewees EE8
and EE10)

Explain the meaning of ‘total innovation’ (interviewees EE1 and EE2)

Show the process to successful innovation, i.e. creative idea generation in an

optimised business environment to become commercially successful

(interviewees EE2, EE5, EE6, EES)

Several iterations have been made, considering the experts’ suggestions to create the final

design innovation framework. Figure 7.9 shows the final version of the framework, placing

greater emphasis on the clarification by introducing colours and also by placing the

interrelating relationship (dotted line) between six design innovation benefits inside the

benefits. The explanation of the user and brand is added on the side to clarify that they are

within the six design innovation benefits, and not omitted from the framework. The visual

representation of the process-oriented relationship between the three main goals of design

innovation has replaced the page only explaining the meanings (P.3 of the beta version),

showing that creative idea generation in an optimised business environment leads to

successful commercialisation (Figure 7.26).
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Figure 7.26: Relationship of the three main goals of design innovation
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7.5.2 Finalisation of design innovation framework details
The contents of the design innovation framework details were also regarded as
comprehensive and acceptable by the evaluation experts. However, certain elements were

identified to enable better understanding of the framework details:

* More distinction between influential areas and non-influential characteristics
(interviewees EE1, EE6, EE9),

* Less emphasis on the design innovation spectrum to emphasise the relationship
of characteristics and the benefit (interviewee EE10),

* More emphasis on the meaning of the arrows (primary and secondary
influences) and explanation of faint influences from other characteristics
(interviewees EE3, EE4, EE5, EE6, EE9 and EE10).

The design innovation framework details were finalised with due consideration of the
evaluation experts’ comments, including reducing the emphasis of the design innovation
spectrum and non-influential characteristics. A further explanation of the design innovation
characteristics’ influence on each benefit was also added to clarify common questions
raised by the experts in the legend. Figure 7.27 shows an example of changes in the design

innovation framework detail of ‘problem/opportunity identification’ and the legend.
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innovation framework detail and its legend
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7.5.3 Finalisation of implementation scenarios
The evaluation experts regarded the implementation process as showing sufficient easy to

understand information, but suggestions for improvements for the scenarios include:

* Indicate expected end-result for the company in the design innovation matrix
(interviewees EE8 and EE10)

* Better representation of ‘identify design innovation characteristics and its
elements to develop’ stage of the implementation process (interviewees EE1,
EE5, EE7 and EE10)

These comments led to changes in representation of the scenarios, including a separate
page on the ‘identify design innovation characteristics and its elements to develop’ stage,
as the researcher agreed on the significance of this stage in explaining the use of the
framework to increase innovativeness for companies represented in the scenarios. The
changes are implemented and comparison between the beta and final version for scenario 1
as an example is shown in Figure 7.28 for design innovation matrix, and Figure 7.29 for
the ‘identify design innovation characteristics and its elements to develop’ stage of the

design innovation framework implementation process.
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Figure 7.28: Comparison between beta (left) and final (right) versions of the design
innovation framework implementation scenario (design innovation matrix for scenario 1)
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Identify Design Innovation Characteristics and its Elements to Develop

For clear communication, design innovation characteristics including computer aided design
(digitising ideas, better visualisation of concepts), aesthetics (communicate quality, convey brand
message), product/service value promotion (visual communication, identify effective promotion
methods), company vision/values (communicate company vision) and unique selling proposition
(emphasis USP in product/service, communicate USP) were identified as priorities. For
innovative product/service development, technology utilisation (identify appropriate technology
gap), quality improvement (simple component design, design for effective assembly), aesthetics
(leading trend), user need/demand (forecast future demand, identify opportunity for new users)
and market need/demand (prioritise improvements in the market) were characteristics to
prioritise. Finally, to enable better problem/opportunity identification, user need/demand (identify
customer journey, utilisation of design research methods), market need/demand (understand
current market, scout for new market, identify competition), internal collaboration (encourage idea
sharing, communication between stakeholders) and business model (identify new sales channel,
utilisation of design-led tools to create business model) were identified to be improved.
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Figure 7.29: Comparison between beta (upper) and final (lower) versions of the design
innovation framework implementation scenario (‘identify design innovation characteristics
and its elements to develop’ stage of the framework implementation for Scenario 1)

7.6 Chapter summary

Synthesis and discussion of the research findings led to recommendations in the form of

design innovation framework and its implementation to further improve innovativeness of

UK innovative manufacturing companies. The evaluation of the initial framework and

implementation was discussed to validate the research outcome with prospective users of

the framework, who are also regarded as experts in manufacturing and design innovation.

The evaluation raised some questions, but when further explanations were provided almost
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all questions were clarified. The finalisation of the framework and implementation process
was therefore mainly an improved representation of the information already identified
from the research, as suggested by the experts, in order to increase acceptability, potential

usefulness and ease of use/understanding.
The next chapter discusses the key outcomes of the research by comparing them with the

research aim, questions and objectives. The limitations of the research will also be

discussed, and the thesis will conclude with recommendations for future research.
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Chapter 8. Conclusions

8.1 Introduction

This thesis hopes to contribute to the knowledge of design innovation in the UK innovative
manufacturing context. It reports, analyses and discusses the sequence of studies,
constructing an empirical research which can be adopted in practice to enhance
innovativeness in UK innovative manufacturing companies, by applying the design
innovation framework and it implementation process. This final chapter concludes the
research journey with an overview of the research questions, aim and objectives and the
research findings. It also discusses the main contributions and limitations of the research,
suggesting further researches which could overcome the limitations and enrich the

knowledge created by this research. Overview of this chapter is shown in Figure 8.1.

Introduction

:

Research overview

!

Contribution of the research

:

Limitation of the research

T
The topic
|

Data collection and analysis
I
Validation

l

Recommendations for
further research

!

Chapter summary

Figure 8.1: Chapter map

244



8.2 Research overview

The research aims to create a design innovation framework to provide a comprehensive
overview of design innovation actions and influences for UK innovative manufacturing
companies, to further improve innovativeness and enable sustained growth and increased
competitiveness. Three main questions arose from the initial enquiry to the topic and

further literature review:

(Q1) What are the perception and utilisation of design in UK innovative manufacturing
companies?

(Q2) What are the design innovation characteristics that enable UK innovative
manufacturing companies to further increase their innovativeness?

(Q3) How can innovative manufacturing companies implement design innovation and

embrace the benefits to improve business performance?

The research was divided into three main phases to answer these questions effectively
(Figure 8.2). Phase One addressed the first research question by exploring the context of
design and innovation in UK innovative manufacturing through the literature review, four
exploratory interviews with manufacturing academics, a questionnaire survey of forty-
eight innovative manufacturing companies, and eleven in-depth interviews with
manufacturing experts. Phase Two answered the second research question by developing
the theory of design innovation and its implications for innovative manufacturing. The
main information sources were literatures, case studies of forty-six innovative
manufacturing companies and twenty-two in-depth interviews with design innovation and
manufacturing experts. Phase Three evaluated the theory built from the research, using ten
in-depth interviews with prospective users of the design innovation framework and its
recommended implementation process. The validity and usability of the research was
increased by using interviewees — who worked both externally and internally with
innovative manufacturing companies — who were regarded as experts in design innovation,
and top-level manager interviewees from innovative manufacturing companies. The
overview of the research questions and objectives in relation to the thesis chapters are

shown in Table 8.1.
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Table 8.1: Index of thesis chapters addressing the research questions and objectives

Research Questions Objectives Chapters

(OB1) To review existing theories about the use
of design and innovation in businesses, to h
- Y r2
understand the scope of the relationship Chapte
between design and innovation

(OB2) To investigate UK manufacturing’s
contribution to the UK economy and
nati_opgl competit_iveness.and establish a Chapter 2
- definition of UK innovative Chapter 4
manufacturing, and its relationship with
advanced and high-value manufacturing,
to identify their strategic importance

(Q1) What are the perception (OB3) To investigate UK innovative

and utilisation of design in manufacturing companies’ current
UK innovative perception and utilisation of design, in Chapter 4
manufacturing order to understand the issues surrounding
companies? design
(Q2) What are the design (OB4) To identify the relationship between
innovation characteristics design and innovation by creating and Chapter 4
that enable UK innovative evaluating a design innovation spectrum, Chapter 5
manufacturing companies which is an overview of design innovation
to further increase their in innovative manufacturing companies
innovativeness? (OB5) To identify design innovation
characteristics containing actions and the | Chapter 5
benefits of design innovation for UK Chapter 6
innovative manufacturing companies
(Q3) How can innovative (OB6) To create and evaluate a design
manufacturing companies innovation framework, including an
implement design implementation process for UK Chapter 7
innovation and embrace innovative manufacturing companies to
the benefits to improve further increase innovativeness and
business performance? encourage business growth.

The exploration of innovative manufacturing in the first phase of the research established
its role as an enabler for different types of innovation to enhance business values. However
it also addressed many companies’ restricted use of design, because design is often
narrowly perceived only as discipline-based design e.g. product or graphic design (Chapter
4). In order to expand the view of design in context of innovation and business, a design
innovation spectrum was developed in the second phase of the research (Chapter 5). It
provided an overview of where and how design can more broadly influence a business
context, and how different types of innovation relate to areas of the design spectrum. The
identified areas are heavily interlinked and difficult to separate, however, to illustrate the
overview of the various areas, the ‘design’ were broken down to include designing, design
strategy, corporate design thinking, and ‘innovation’ areas which include technological,

product/service/process and organisational innovation.
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The development stage in the second phase of the research continued with a detailed study
of the design innovation characteristics to formulate design innovation actions, and their
effects and benefits for innovative manufacturing companies (Chapter 6). Twenty main
design innovation characteristics for innovative manufacturing companies were identified:
technology utilisation, quality improvement, computer aided design (CAD), technical
design, aesthetics, function/usability, product/service value promotion, graphics/website,
user need/demand, market need/demand, feasibility testing (prototyping), knowledge
capture/transfer (KM), external collaboration, internal collaboration, top-level management
support, physical work environment, investment, company vision/values, the unique
selling proposition (USP) and the business model. These characteristics were identified as
being present in all business levels, from activity (operational), strategic, to organisation
level. The characteristics were therefore positioned in the design innovation spectrum to
provide placement of each characteristic in a business context.

The design innovation spectrum and characteristics were then further analysed and
aggregated to construct a design innovation framework and an implementation process
(Chapter 7). The design innovation framework is an overview of the relationship of the
design innovation characteristics and their business benefits to enhance innovativeness in
UK innovative manufacturing companies. The research identified six main benefits of
design innovation: problem/opportunity identification, extensive collaboration, work
culture/environment improvement, efficient process development, clear communication,
and innovative product/service development. The influences of these benefits are
consolidated into three main goals, identified as creative idea generation, optimising the
business environment, and successful commercialisation, which together contribute
towards product/service, process and organisational innovation improvements. The
implementation process is subsequently designed to suggest an optimal use of the design
innovation framework. As part of the implementation process development, the design
innovation matrix - which combines the design maturity and the level of involvement of
innovation in a company - was developed to indicate the level of a company’s design
innovation. A scenario technique was also used to connect the concept to a real-life

situation derived from the case studies including: (i) ‘Company A’, with a decreasing
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market share and customers, (ii) established ‘Company B’, which hopes to expand its

business, and (iii) technology entrepreneurial start-up ‘Company C’.

Phase Three evaluated and finalised the framework and implementation process in order to
increase the validity of the theory and enhance the framework’s usability. The
overwhelming majority of the evaluation experts agreed with the theory created through
the research, offering important suggestions to improve its usability, including clearer
visual representations using colours with a better balance of simplicity and detail, to
enhance its acceptability, potential usefulness and ease of use/understanding.

8.3 The research contribution

This research was undertaken to understand the dynamic relationships of design and
innovation in UK innovative manufacturing companies, considering theoretical knowledge
creation principally for the academic disciplines of design management. It will also be of
interest for the innovation management disciplines to understand the extensive effects of
design in managing innovation in a manufacturing context, how different types of
innovation relate to the actions undertaken to maximise innovativeness using the medium
of design. The research also contributes towards the practical application of the theory, by
providing a comprehensive overview of the action, effects and benefits of design
innovation in an accessible visual framework and recommendations for an implementation
process, which innovative manufacturing companies and design supporting organisations
can use to understand and apply design innovation in their practice to systematically

increase innovativeness to provide increased competitiveness and sustain growth.

Theoretical contributions

The influence of design on innovation is well documented where innovation is
often regarded as a natural outcome of the design process. Design is needed to
enable innovation, especially in manufacturing companies, but the design used in
this context is often limited to technical design e.g. design for manufacture and
discipline-based design (i.e. product and graphic design etc.). It is therefore
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predominantly interpreted as an activity which is part of a new product
development. Design management theories address the importance of using design
as a strategic tool, but there is still little empirical research about how different
areas of design - designing, design strategy and corporate-level design thinking -
apply to similarly extensive areas of innovation, including technical,
product/service, process and organisational innovation, especially in the innovative
manufacturing context. Fragmented theories of design and innovation add to the
confusion about the specific benefits of design innovation in innovative
manufacturing companies. Therefore this research adds knowledge to the theory to
comprehend the complexity of expanding design and innovation in the innovative
manufacturing context through developing design innovation spectrum and
framework. The research outcome provides a comprehensive overview of the
effects of different areas of design in innovation through the accumulation of
theories, and design innovation and manufacturing experts’ opinions. This
contribution to knowledge will be especially relevant in bringing together theories
of design management and manufacturing management to develop a more
comprehensive theory of innovation management for innovative manufacturing.
Moreover, for design management academics with extensive knowledge of design
influences in manufacturing companies, the visual framework of this research is
bridge to better understanding the effects of design on different aspects of
innovation. Similarly for innovation management academics, the research will
contribute to better understanding the complexity of expanding areas of design

influences to enable innovation in a commercial context.

Practical contributions

The research recommends the design innovation framework and its implementation
process to be used to address UK manufacturing companies’ poor uptake of the
extensive areas of design (designing, design strategy and corporate-level design
thinking) and to provide such companies with a comprehensive overview of the
benefits of design innovation. The research contributes towards building better
understanding and identifying practical design innovation actions to improve

innovativeness which can be used by both innovative manufacturing companies and
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design innovation consultancies. The framework is specifically designed to be
easily understood, using a simple visual diagram to demonstrate the relationship
between design innovation and the essential elements which can enhance
innovativeness; it is also sufficiently comprehensive to identify company- or sector-
specific areas of design innovation improvements. The identified areas can be used
either when a manufacturing company seeks support from design innovation
consultancies or when writing a design innovation brief. The recommended
implementation process aims to contribute towards systematically making a
company more innovative, by improving technological, product/service, process
and organisational innovation, and prioritising and developing different design
innovation characteristics, as appropriate for the company. This will be potentially
useful for top-level managers and design/innovation managers of innovative
manufacturing companies when creating an innovation strategy for the company.
The research recommendations also include three scenarios with examples of
situations which managers of innovative manufacturing companies could easily
relate to, potentially enhancing adaptability, to increase the practical contribution of
the research. The framework also provides a blueprint of design innovation actions
which could be used by managers to prioritise the company’s design innovation
activities, to develop a specific innovation area which will increase the company’s
competitiveness. These potential contributions were agreed during the evaluation
phase by top-level managers and design/innovation managers of UK innovative
manufacturing companies (Phase Three, Chapter 7), who recognised the potential

benefits of the framework and its implementation.

The research contributions extend to commercial (consultancies) and non-
commercial (governmental and non-governmental) organisations which support the
use of design innovation in innovative manufacturing companies. The design
innovation framework developed through this research provides a systematic map
of design innovation influences to enhance innovativeness. It can therefore be used
as a tool to potentially guide innovative manufacturing companies to identify and
prioritise specific areas of innovation to develop, managed to suit individual

companies’ specific requirements.
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8.4 Limitations of the research

The research has limitations in the following areas: (i) the topic, (ii) measurements and
analysis, and (iii) validation. The limitations are made explicit throughout the thesis which
addresses the complexities of the topics of design and innovation in the business
environment, using a range of theories and discussions about the meaning, values,
parameters, roles and effects of design and innovation. The inherent limitations of
measurement and analysis apparent in data-gathering and analysis methods could be
further investigated. Throughout the research, measures were taken to increase the validity

of the outcome, but it still has certain limitations.

8.4.1 The topic

Design and innovation are complex topics with countless interpretations and applications
in businesses, depending on the situation, perspectives, and the internal and external
culture of the company. Synthesising two broad topics into one is inherently difficult and
has limitations relating to the potential over-generalisation of the different types of design
and innovation. As the focus of the research was to provide a comprehensive overview of
design innovation, further limitations arose where the research was unable to investigate
more deeply into each types of design and innovation identified in this research. Where
possible the research addresses the similarities and differences of the two topics, to provide
a means to critically analyse the relationship, but the interlinking relationships between the
different types of design and innovation were not addressed in-depth. Furthermore, the
research did not systematically focus on the effect of innovation on business performance —
a topic still actively being debated which combines the study of the boundary of innovation
influences on businesses. The research recognises this issue, broadly identifying through
extensive quantitative and qualitative research that innovation is indeed recognised as a
means to improve company performance and is therefore an important agenda for

companies around the world.
The research is limited to innovative manufacturing companies in the UK, chosen because

of the sharp rise in attention to the industry, particularly after the 2008 financial crisis. The

utilisation of the wider design spectrum has low priority in manufacturing where
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companies regard design as an important asset, but limit its use to product/technical design.
This research focuses only on innovative manufacturing companies because of their
apparent acceptance of the value of innovation. The category of identifying the innovative
manufacturing companies is deliberately broad, i.e. not limited to product launches and
financial achievements, as the research recognises different types of innovation and seeks
to identify innovative manufacturing companies through their efforts to become more
innovative. The research argues that the varying levels of companies’ innovation may
make a company ‘less innovative’, rather than ‘not innovative’. However, a further
research limitation is that defining innovative manufacturing companies can be open to
debate. The UK was chosen for investigation to eliminate issues of national character and
culture, and governmental support and regulations. Sampling of data collection was

therefore only in UK cases which adds another limitation of the research.

8.4.2 Data collection and analysis

The research data collection methods also had limitations. As the research predominantly
used qualitative research methods - exploratory interview, case study and in-depth
interviews - there was no universally accepted formula for acceptable sample numbers to
identify appropriate sample numbers for generalisation. As explained in Chapter 3, the
research follows a generous range of appropriate samples numbers stated in the literatures
(two to twenty-five), with the appearance of theoretical saturation during the interviews:
four interviews with manufacturing academic experts in the exploratory interview, forty-
six cases for the case study, twenty-two in-depth interviews with design innovation and
manufacturing experts, and a further ten interviews with prospective users of the
framework. Theoretical saturation in terms of general ideas and most of the identified
design innovation characteristics, however, sometimes produced differing or opposing
opinions on the same topic, or entirely new topics talked about by new interviewees. This
limitation is inevitable with qualitative research which is inherently behaviourally biased.
Time constraints prevented addressing this further by conducting more interviews and
using techniques such as multi-coding. Furthermore, the categories of coded data (i.e.
design innovation characteristics) were given equal status where they were all considered
important without systematically ‘ranking’ the categories. Although it could not be

justified in depth during the research, this was because the researcher identified that the
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importance of characteristics differs depending on the situation, strategic direction, sector,

culture and top-level management influence in innovative manufacturing companies.

The exploratory questionnaire survey also had limitations. Data sampling was conducted
using non-probability sampling because of the undefined population size. This limited the
data to be validated statistically to enable generalisation, but the triangulation method was
used to compensate the limitation, although using probability sampling would have

enriched the data and subsequent analysis of the questionnaire survey.

8.4.3 Validation

The validity of the outcome was considered from the beginning of the research and
continuous efforts were made to increase the validity by using data and method
triangulation methods, and qualitative evaluations for the design innovation spectrum, the
framework and the implementation process. However, some limitations remain on the
validity of the outcome of the research because it could not be implemented in a real-life
situation. A booklet explaining the framework and its implementation, including scenarios,
was used to stimulate situational interpretation of the framework in the evaluation for
experts’ business practices, relying on likely possibilities rather than records of real-life
situations. There were opportunities to apply the theory generated by the research in the
evaluation experts’ own companies, but time constraints meant they could not be

implemented.

8.5 Recommendations for further research

The methodology and findings of this research provide the foundation for further research
to create more robust evidence of the effects of design innovation in innovative
manufacturing companies, by addressing the limitations already mentioned. During the
research process further research areas were identified also, which will build on the

knowledge created by this research. Therefore, further research could include:
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This research provided a comprehensive overview of the relationship between types of
design (designing, design strategy and corporate-level design thinking) and innovation
(product/service, process, organisational innovation) in the manufacturing context.
However, more detailed research on the interlinking influences between different types
of design or innovation would enhance the understanding of the effects of design
innovation on manufacturing companies.

The research identified that the design innovation characteristics are interrelated, but it
was not possible to quantify the degree of interdependency. Further research could
address this issue by investigating the statistical relationship between the characteristics
and the perceived ‘ranking’ of importance for innovative manufacturing companies
and/or design professionals.

An innovative manufacturing company comprises several different departments.
Further research is recommended to investigate how design innovation affects the
dynamics of business culture, comparing before and after using the design innovation
framework.

The research could be replicated in different groups of cases, including different
industries (e.g. service, financial, tourism etc), different countries (e.g. developing
countries or other developed countries in different manufacturing environments), and
different firm sizes (i.e. large, small-medium and micro enterprises), to investigate
whether a similar framework and implementation process emerges.

Action research could be undertaken of implementation of the framework in innovative
manufacturing companies by the companies themselves and by design innovation
supporting organisations to identify further issues and possible solutions to enhance the

validity of this research.

8.6 Closing remarks

The purpose of this research is to understand and describe the effect of design innovation

by constructing a framework and implementation process for UK innovative

manufacturing companies. It identified twenty characteristics which directly and indirectly

influence the six main benefits and subsequent three goals the companies should aim to
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achieve. In the process, different types of innovation - product/service, process and
organisational innovation - will be improved by using designing, design strategy and
corporate-level design thinking. The framework was constructed and evaluated by the
design innovation and manufacturing experts who had an accumulated 711 years of shared
experience working for and with innovative UK manufacturing companies. The topic of
design and innovation is complex, but the researcher anticipates that the outcome of this
research could provide new knowledge about the complex relationship between design and
innovation in the manufacturing context, greater clarity about the benefits of design
innovation for innovative manufacturing companies to increase competitiveness and
sustain growth, and a comprehensive blueprint for design innovation professionals and

organisations to systematically help companies increase their innovativeness.
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APPENDIX A: Questions for Exploratory Interviews

Ice-breaking Question.
How do you view the current level of competence/ competitiveness of

manufacturing and manufacturing companies in the UK?

1. What would be your definition of advanced/high-value/innovative manufacturing?
2. How would you describe the innovative manufacturing sector and what are the
values of that sector for manufacturing and the UK economy?

3. A literature review indicated that several manufacturing models have been

created. Please comment on these models.

Manufacturing Model No. 1

UK Manufacturing

High Value Manufacturing

Advanced Manufacturing

Innovative Manufacturing

TSB (2011). Concept to Commercialisation: A Strategy for Business Innovation 2011-2015, Technology Strategy Board.
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Manufacturing Model No. 2

UK Manufacturing

High Value Manufacturing

Advanced Manufacturing

Innovative
Manufacturing

BIS (2009). Advanced Manufacturing: Building Britain's Future, Department for Business Innovation & Skills.
Brunel University | School of Engineering and Design Internal Use Only 5
Manufacturing Model No. 3
UK Manufacturing
High Value
Manufacturing
Innovative Advanced
Manufacturing Manufacturing
TSB (2008). High Value Manufacturing: Key Technology Area 2008-2011, Technology Strategy Board.
Brunel University | School of Engineering and Design Internal Use Only 6
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Manufacturing Model No. 4

UK Manufacturing

High Value Manufacturing

Enabling Technologies

Advanced
Manufacturing

Bioscience Electronics, Photonics
Innovative and Electrical Systems

Manufacturing

Advanced Materials and
Micro and Nanotechnology

Information and Communications
Technology

PACEC (2011). Evaluation of the Collaborative Research and Development Programmes, Public and Corporate Economic
Consultants.

Brunel University | School of Engineering and Design Internal Use Only

4. What are the key benefits of your research in the innovative manufacturing
sector and the UK manufacturing industry as a whole?

5. What do you think is the role of design in innovative manufacturing?

5a (N.B. If the design is only recognised as part of NPD or product
improvement, discuss this question). Do you recognise design as a strategic
tool which can influence wider areas of business for manufacturing industry such

as enhancing process and organisational management?
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APPENDIX B: Questions for Questionnaire Survey

A survey on UK innovative manufacturing firms and the influence of design

This research is a collaborative project between Brunel University and Lancaster
University to understand the role of manufacturing and in particular, innovative
manufacturing in the UK and the role of design within the industry. This survey aims
to obtain general views of UK manufacturing firms on innovative manufacturing and
design which will be used to help understand the relationship between design and the

manufacturing.

This survey will be strictly confidential and your personal detail WILL NOT be used in
any of the reports or discussions. The result will be used for academic purpose only. If

you have any questions regarding this survey, please do not hesitate to contact me.

Thank you in advance for your co-operation

Jea Hoo Na
Dr. Youngok Choi

School of Engineering and Design

Taxonomy of terms

Innovative manufacturing: Manufacturing in which the innovation in products and
processes is priority and continuously invest in research and collaborative work to
produce new and/or improved products and processes

Advanced manufacturing: Manufacturing that uses high level of design and/or
scientific skills to produce technologically complex products and processes

High value manufacturing: Manufacturing that produces products that are of high-

value in terms of price and/or industrial influence in the market

|:| We would like to enhance the understanding further by conducting an informal semi-
structured interview. It would be an excellent opportunity for us to obtain valuable insight from
you face to face. However, if are uncomfortable for us to contact you in this matter please tick the
box.
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General information about you

Job title:
Role/function:

Your name (optional):
Company name (optional):
e-mail address (optional):

1. The Company

1.1 What sector is your company in? (Please provide SIC code)
SIC Code: [ |
If the SIC code is unknown, please write the sector below

[ ]

1.2 Approximately how many people are working in your company?
[ Micro (1-9 people)
[ Small (10-49 people)
[1 Medium (50-249 people)
[] Large (250+ people)

1.3 How long has the company been in business?
I Less than 5 years
[16-10 years
[111-15 years
[116-20 years
[J More than 21 years

1.4 What do you consider to be the key strength(s) of your company?
(Choose more than one, if applicable)

1 Price

[J Product aesthetics

[ Technologically advanced product

[ Advanced production method

[] Services

[] Knowledge base (inc. R&D, IP)

[] Other(s), please specify: [ ]
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1.5 Where is the major market for your company? (Choose more than one, if applicable)

1.6 What is your main business type?

[1UK

[1Europe

[J Russia

[JNorth America

[J South America

[ Asia (inc. India, Pakistan etc)

[] Far East Asia (inc. China, South Korea, Japan etc)
[J Oceania (inc. Australia, New Zealand etc)

[1 Other(s), please specify: [ ]

[] Business to Business (B2B)
[J Business to Consumer (B2C)
(1 Both

2. Innovative Manufacturing

2.1 How significant do you think innovative manufacturing is in giving a competitive advantage
for your company?

2.2 Where do you think innovative manufacturing can be most effective?

2.3 What would be the most important contributor for successful innovative manufacturing in

the UK?

[ Very important
[lImportant

[ Neutral

[J Not important

[J To create new opportunities in the market

[J To develop new technologies

[JTo increase sales

[ To drive the cost of production down

[1To improve or develop new manufacturing processes
[] Other(s), please specify: [ ]

[ Research

[] Design

[ Technology

[] Other(s), please specify: [ ]
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3. Design

3.1 How would you describe design?
[] Design is the tangible outcome (i.e. the output of design such as products)
] Design is a creative activity

[] Design is the process by which information is transformed into a tangible outcome

[] Design is the data which drives the manufacturing process(es)
[ Design is a strategic tool for the business
[1 Other(s), please specify: [ ]

3.2 How important is design in your company?
[1Very important
[l Important
[ Neutral
[J Not important
[J Highly unimportant

3.3 When is design employed in your organisation? (Choose more than one, if applicable)
[0 When the current product sales decline
[0 When competitor’s sales increase with new products
[0 When the market share falls
[J When new technology is being developed
[1 When a new product is in development
[ All the time
[] Other(s), please specify: [ ]

3.4 How would you describe spending on design for your company?
[] Extra cost
[] Future investment
[J Necessity
[] Other(s), please specify: [ ]

3.5 What is the most important end result of design for your company?
[]Increase in sales
[] Increase in profit margin
[l Improving brand value
] Corporate image enhancement
[J Cost reduction
[ Streamlining the manufacturing process
J Linking to manufacturing equipment operation
[] Other(s), please specify: [ ]
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3.6 Where is design used in your company? (Choose more than one, if applicable)
[ Research
[] Development of products
[J Production/Manufacturing
[] Logistics and distribution
[] Sales and marketing
[] After sales services
[] Other: [ ]

3.7 Does your company have internal design department or employee designers?
[1Yes
[INo

If YES, what are their roles? (Choose more than one, if applicable)
[] Engineering design (inc. engineering analysis)

[J Product design

[J Graphic design

[ Packaging design

Other: [ ]

3.8 Does your company work with external design consultancies?
[IYes
[INo

If YES, what are the main roles? (Choose more than one, if applicable)
[1Market/User Research

L1 New market exploitation

[] Business strategy development
[1 New product development

[] Production improvement

[1 Company branding

[J Marketing

[J After sales service

[] All aspects of business

] Other: [ ]

Thank you very much for your time in completing this questionnaire.

If you would like to comment or suggest anything that is not covered by this questionnaire, please

feel free to write your suggestion below.
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APPENDIX C: Case Study of UK Innovative

Manufacturing Companies
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APPENDIX D: Questions for Manufacturing Expert

(ME) Interviews

Ice-breaking questions
Do you produce all your products in the UK, including those you sell overseas?
What are the main markets for your products? (UK? Overseas?)

Current competitive strength of the company

Q1: In your opinion, what is the current competitive strength of the company?

Manufacturing in the UK
Q2: What are the main advantages and disadvantages of UK-based
manufacturing?

Q3: Do you recognise greater competition within the UK, or from overseas?

Innovative manufacturing, Innovation and technology in manufacturing
companies

Q4: What is your (instinctive) definition of ‘innovative manufacturing’?

Q5: What would be recognised as innovative activities in your company? — This
will determine whether the interviewee’s opinion of innovation is technology-,

process- or creativity-driven.

Design in manufacturing

Q6: What are the functions of design in your company? (Discussion of ‘design’
activities of the company)

Q7: What, in your opinion, is the relationship between design investment and the
overall performance (growth, sales increase, market share rise) of the company?
Q8: Can you give an example where using ‘good’ design has increased your
company’s performance?

Q9: Do you see design as a strategic tool for the business or just a part of the
process of producing a desired outcome?
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Identification of design innovation characteristics

(N.B. If design innovation actions and its effects have not been discussed in
previous questions, ask this question)

Q10: How do you think ‘design’ can increase/cultivate innovation in manufacturing

companies?

Design, and collaboration and the government support

Q11: Do you conduct collaborative work with other institutions? (e.g. government,
universities, other companies, etc) If so, what is the purpose of the collaboration?
Q12: What form of support do you think could benefit further development of

innovation and design in your company?
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APPENDIX E: Questions for Design Innovation Expert

(DE) Interviews

Preparation:

- Design Spectrum Model
- Design Innovation Spectrum Model

Brief introduction to the research:

The research | am conducting considers how to enhance innovativeness of
manufacturing companies through design. Design here takes on a broader
meaning, covering both actions to produce a product and a way of thinking for the
management of a company as a whole.

Background - interviewee specific

[Prior research of the company (or individual) is required and questions should be
asked about the main work they undertake for manufacturing companies in the UK.
For an organisation, ask about prior research on the organisation’s activities and
ask about the broader acceptance of value of design in manufacturing companies.]

Design Spectrum
The design spectrum model shows the expanding spectrum of design in a
company.

(Present the Design Spectrum model)
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Design Spectrum

Designing Design Strategy Corp level Design Thinki
(Product/Production/Communication/Service) | (Managing Design) (Managing Company)
Business level Activities (Operational) Level Strategic Level Organisational Level
Creation of Artefacts Image/Service Process System
DE.Si.gn Prof_tassio_n al Desu:gner Design Manager Director Board of Directors
Practitioner/ Engineering Designer Senior Manager CEO Policy Maker

Decision-Maker Engineer

Influence of Manufacturing/Assembly

. . i Design Process Company Culture Design Policy
Design in... Form/Function Service , ¥ -

(De: sig?\ing for) Product User Experience Design Implementation Business Model Vision/Strategy
Required Trend : Design Process . ik
Understanding Production Process Ma":::: s::::r;;m Value of Design Corporate Strategy E;eslgn Th;nl;lmg

in.. New Technology/Material Strategic Management usiness Policy
Underlying Design Research and Development
Competence
Design Creative Experimental Empathic, Chaos to Order Systems Thinking
Attribute Idea Generation Prablem Solving User-Centred Approach Communication Holistic Thinking
Product Reliability/Quality Service Quality Attract Investment Opening New Market ~ Design-led Innovation

Benefit Reduce Production Cost
New Product Creation
Increased Revenue

Enhance Company Image Improve Quality of Design Creative Internal Culture Systematic Design Support
Mew Service Creation Effectiveness of Design Increased Competitiveness  Creative Business

Q1: Do you think this design spectrum model is comprehensive for innovative
manufacturing companies?

Q2: Do you think the recent development of ‘design thinking’ for management
should be regarded as part of the design spectrum?

Q3: The term ‘design thinking’ is used in management - do you see the benefit of
this, and if so how?

Q4: What is the most effective way(s) of making companies understand the
expanding value of design? And, in your opinion, how can use of the wider
spectrum of design be encouraged?

Q5a: How would a company increase its capability in each area of the spectrum?
Designing:

Design Strategy:

Corporate-level Design Thinking:

Q5b: Have you conducted a project where you have changed the whole company
culture towards becoming more creative? Please explain how you have achieved
this?
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Design for innovation

This research has found that innovation has many types (referring to '10 types of
innovation’ by Keeley et al and NESTA's ‘total innovation’) and the influence of
design spans most of these innovation types.

(Present the Design Innovation Model)

Design Innovation Spectrum

Technology Designing . Design Strategy Corporate-level Design Thinking
R&D (Product/Production/ (Managing Design) (Managing Company)
Communication/Service)
Traditional Innovation Hidden Innovation (Type Il & IV)
New . Product Service Process N!a_rke_t Busi_nes.s Model,
Technologies Positioning Organisational Form
Offering Experience | Configuration
Ch |
Product  Product Customer Brand, anne Profit
. Network Structure
Performance System Engagement  Service Process Model

Q6: Do you think this model is a good representation of the relationship between
design and innovation?

Q7: Can you think of other ways design can influence innovation in manufacturing
companies?

Q8: What do you think is the most important aspect of the relationship between
design and innovation?

Q9: Which aspects of the Design Innovation model do you think current UK

manufacturing firms need to adopt to enhance innovation capabilities?

Design Innovation Characteristics

(N.B. If design innovation actions and their effects are not discussed in
previous questions, ask this question)

Q10: How do you think ‘design’ can increase/cultivate innovation in manufacturing

companies?

Design challenges

Q11. What are the most common barriers to convincing the company about the
value of design?

(What is the most difficult challenge of working with the manufacturing company?)

Q12. How did you overcome the challenge?
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APPENDIX F: Questions for Evaluation with

Manufacturing and Design Experts (EE) Interviews

Preparation:

Design Innovation Framework booklet (beta version)- SEE APPENDIX G
Introduction:

The purpose of the interview is to evaluate the Design Innovation Framework and
its proposed implementation process which was developed through the research.
The research aims to create a design innovation framework to provide a
systematic and comprehensive overview of expanding design innovation
characteristics, and subsequent guidelines for UK innovative manufacturing
companies to maximise innovativeness through design in order to enhance
competitiveness. The purpose of the Design Innovation Framework is to provide a
holistic overview of design innovation benefits for innovative manufacturing
companies in the UK. It is designed to be used as a guide to identify and further
improve technological, product/service, process and organisational innovation of a
company by utilising designing, design strategy, and corporate-level design
thinking which are part of the Design Innovation Spectrum.

(N.B. The questions are designed to evaluate the DIF by identifying each
section’s Acceptability, Potential Usefulness, Comprehensiveness, and Ease
of use/understanding. If these are not discussed in the following questions,

ask these questions directly).

Ice-breaking (background)- interviewee specific
[Prior research of the company (or individual) is required and questions should be

asked about the main work they do for UK manufacturing companies.]

Design Innovation Framework Overview
Q1: Could you comment on the initial feel of the framework?
Q2: Do you agree with the contents and the relationships between the elements of

the framework?
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Q3: Can you see anything obvious missing from the framework?

Design Innovation Framework Details

Q4: Do you agree with the design innovation characteristics represented in the
framework detail?

Q5: Are the Design innovation characteristics agreeable? And are they easy to
understand (as a professional practitioner)?

Q6: Is there anything you would add or delete from the DIF detail?

Design Innovation Framework Implementation - before discussing the
process

Q7a: Do you think the DIF is useful to help a manufacturing company improve its
iInnovativeness?

Q7b: If so how?

Q7c: If not, how would you improve the framework to make it more useful in
helping the manufacturing companies to improve innovativeness?

Q8: As a professional practitioner, how would you use the framework?

Design Innovation Framework Implementation Process

Q9: Do you think the generalised process is useful for a manufacturing company
and design innovation professional such as yourself?

Q10: Do you agree with the scenarios proposed in the implementation process?
Are they realistic?

Q11: Is the DIF implementation scenario practical in a real-world situation? Please
share any occasion(s) where the framework might have been useful in your

practice.

Overview of the Design Innovation Framework

Q12a: Do you think a manufacturing company would be willing to adopt the DIF to
improve its innovativeness?

Q12b: If so, how?

Q12c: If not, what improvements could be made to ensure easier adoption by

manufacturing companies (and/or design innovation professionals)?
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APPENDIX G:

Design Innovation Framework booklet (beta version for

evaluation)
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APPENDIX H:

Design Innovation Framework booklet (Final version)

NOTE:
Design Innovation Characteristics: Actions, Effects and Benefits are same as the beta
version in Appendix G (booklet pages between 18 to 27), therefore omitted from the final

version of the Design Innovation Framework.

340



LIopUDT
Apsann _ ﬁ

5102 BN 0oH esr Q) iyt

yJomawel4 uoneaouu| ubise(

341



B e saouanjju| uonesouu| ubiseg ‘wnuoads uoneaouu| ubisaq :sjieeq Jayun4
G s (5 Auedwon) oLeusos uonejusWa|dW| IOMaWE) UojeAoul] ubisad
G (g Auedwon) oeusos uonejuBWa|dW] SIOMAWEI] UOREAOUU| UBISSC]
QU (v Auedwon) oLeusog uonejuswa|dw| }omawe) 4 uojeaouu| ubisaq
[ T $$90014 UOnEIUSWa(dW] SIOMBWEI] UOEAOUU| UBISS(]
g uonduosaq onsusIoBIEYD UoNEACUU| UBISSQ
J s (UONESIBIOIBWLIOD [NYSS00NS) (IB19Q HOMBWEI ] UOIEAOUY| UBISSQ
Q e (Juswuouaug sssuisng BuisiwndQ) |1B1eq Yomawes 4 uonesouu| ubisag
G e (UONEIBUSS) BSP| SANESID) [IBJOQ HIOMOWEL UONEAOUU| UBISS]
e uoneAouu| ubisad JO S|EOS Ule
= }IOMBWEI UOEAOUU| UBISO(]
g SOMBWEI UONBAOUU| UBISS O} LUORONPOAU]

_‘ ........................................................................................ Bm_am_}O V_Logm_-_(_m-_m _L_O_#m_}o_l__r__ _L_m_wmm

Sjuauod Jo a|qe|

342



= a Z S
i QL b \“.\VU,
[ — H. |
= ~
N f‘ _}\
A~

81-9l

0 Auedwo9),
dn-uejs |eunsuaidanua ABojouyos) € oueus0s

SAARIGENRaA
o eenmaca)

-

Sl-€l

ssauisng s}l puedxa 0} sadoy
yoiym g Auedwo), paysijgels3 ;g oueusns

vogerouu; |

cl-0L

SJaWO)sNo pue aleys
19yJew Buisealosp yum y Auedwon), ;| oLeusos

uBisag
[T

PBIUOD |elDiaLULWIoD B Ul pash 2q
Uued ¥yiomaluelj uoljeaouul Cm_mmb MOY JO UollepuUBLLILLIOIaY
:$58001d uonejuswa|duw)

St )
uonescuu| jeuoesuedig
SRUBMC} IOANGIILCT

[ uenssuen |

[eer———
Agunpoddcy [ a2

| anjsumg

)y -

‘uoneAouul ubisep Jo sjyeuaq ey 9
aAaIyoe 0} $aNsUsoRIEYD UoEACUUI UBISBP OZ JO 82usnju|
's|ie1eq Ylomawel4 uoneaouu| ubiseqg

)y -

"SSauanijeAouUl
2sE8JoUI 0} UoIIRACUUI UBISEP JO MBIAIBAC BAISUBYaIdwo)
lomawel4 uoljeAaouu| ubiseq

sabeyd

MBIAIBAQ Mlomawel 4 uoljeAaouu| ubisa(

343



oz 2bed aas asead) uonesouul [euopesiuebio pue ssaooidjaoiniasionpord ‘eaiBojouyss) apnioul seale UoEAOUUL pue ‘Burjuiyy
ufiisap sjelodioo ‘ABejens ubisep ‘GuiuBisep apnjoul ubisep, Jo seale ulew ay) Janamoy ‘sjeledas 0} JNJIYIP sJuay pue payulpajul
Aneay sie sease paypuapl ay| diysuonejal JIayl pue uoijeacuul pue ubisep jo seale anlsusixa salensn|| 3 spiey Buunmoeinuew
pue ubisap u uyjog spadxs Alsnpul yum smainsiul pue ‘smainal ainjedayl| ybnolsouy Aq palesso s wnuioeds uopeacuu| ubiseq g

REVNILENT
[eqolB ayy u) ssauaaiedwoo Jiay) esealou) o} saluedwoo Buumoenuew Jaujo Joj 1sAleles e osje Janamoy ‘Buunjoejnuew anjen-ybiy
ojul puedxa o} BulnjoeINUEW peoueApe 1o} Ja|deus Ue ag 0} BuunjoejnueLw aAljeACUUl 8L} JeU) palRuap! yoseasal sy "(s)ezud uopesouu)
Buiuuim Jojpue ‘Buryiom jo shem Buincudw ‘sapisianun se yons suopesiuebio [ewexe yum Buneloge(joo 1exyew mau e Joj Burjess
flannoe ‘sassaocud uononpoid Buinosdw ‘secimas/sionposd panaidw Jo meu Buipnponur fjsnonupuod Ag uopeaouul jo aouenodw)
8y} sesiubosal yoiym Jopes Buunpeinuew uiyym suonesiueblo [elpiswwos B se pauysp sl Auedwoy Buunoenuepy angeaouu] Z

‘|2polw ssaulsng Jo/pue ‘ainna
|euonesiuebio ‘ssaooud ‘soinues ‘Jonpodd Ul sefueyo |ejusLUBIOUl Jo/puUE |BDIPES 8¢ UED UolieAouU| UBISap Jo 8LWooIN0 By} ‘alojeisl)
‘(sjpoym e se sssuisng Buibeuew o) paidde uBisap jo pouisw pue Aydosopyd) Buryuiy uBissp [ans|-sjesodioo pue ‘(sseooud uBisep
Jo Juawebeuew) ABajens ubisep ‘(somesponpoid ajeauo o) uopoe) BuwBisep Buipnjoul ubisep jo wWnioads ||y Jo uonesipn yBnoiyy
fuedwoo e Jo ssausneAOUUl pasEaIoU B|qEUS JeU) BLIOJINO S)i pUe ssao0id angeaso B Se paulap s| yolessal siy) ul uonenouu| ubisa(q |

‘ssauanadwod |eqo|b Jisy) asealoul ||Im Jey) uoleaouul
uBisap |ejo}, jo Jauonnoeid e awooaq 0} Auedwoo ay} a|geus Al@jewnn pue sjuawarolduwi
uoneaouul [euofjesiueblo pue ssaooid ‘@ai1nuas/ONpold JSAllBp [|IM SEale 8sal] Jo SuoljeuIquIo))
"UOIJESI[BIDISWLIOD  [NJSSI00NS pPUE  ‘Seapl SAleald Jo uonessusb  ‘Juswuolsinua  ssauisng
jo uonesiwndo aasiyoe o) Auedwoo ayy djay [m sjjeuaq asay)] -saonoeld uoneacuul ubisep
poob Buisn Aq joadxs ued Auedwoo e jey) sjuswaoidw) apiroid yolym sonsusioBIEYD SU) WOl
paunuapl aJe uoneaouul ubisep Jo sjjauaq xis Juanbasgns ay ] (indui) ubisap 1o} syuswalinbal sy}
se ||lem se (Jndino) ubisap Jo seouanyul ayl Buipnjoul Auedwos e uiyum uoneaouul ubisep Ajnuapl
diay Aay} asaym ‘wnupadg uoneaouu| ubisaq ay) ssosoe ueds sofsusioeleyD uolesouu| ubisag
ay] "ssauanpeaouul anoidwi o} sjeob uew ¢ aaaiyoe 0} Japlo ul saluedwos Buunjoenuew 1o}
s)jouaq [elUaSSa g 0} pea| yalym uoneaouul ubisap Jo solsualoelIeyd 0z Sapnfoul yiomawel) ay |

ewnuoadg uoneaouu| ubiseq ayy jo ped
ale yaiym Bupjuiyy ubisap |ans|-ajelodioo pue ‘ABsjess ubissp ‘Buiubissp Buisinn Ag Auedwoo e jo
uoneaouul |euonesiueblo pue ssaosold ‘aoiniasponpoud ‘jealbojouyoa) anoiduwi Jaypuny pue Ajuspl
0} apinG e se pasn aq o} paubisap sI 3} MM au} Ul ;saiuedwod BulnoeNUEW aABAOUUI 10} SHjauaq
,uoneaouul ubisap Jo MaIAISA0 JSIjoy B apinoid 0) S yiomawel 4 uoneaouu| ubisaq jo asodind ay |

ylomawel4 uoneaouu| ubise( 0} UolONPOJU|

344



siysueg uonenouul ubisag uonenou ufisep |10

usamiaq diysuoneal Bumuipe T 10 UonESIEsy uonenouu| uBisag jo siecl uey

ssausAnenoul| saosdw| ) sjuswanoudLl UoREACUL T E——
uoliesouy ubisaq Jo siyauag ule -— Jo seale oypadg & | uBIsaq jo sjyausg
‘uoeuuoul |
J8ULN} JO} S|1BJ8P HJOMBLIBL spuswanoidw|
uopeaouu) ubiissp sy} 88g
‘BuipuBig |BUISIXE PUB |BLSIUI pUE e uoljeAaouU| ssa820.d o
‘uoneloge||oo pue Bulpueisiapun \\..... SPIEMO] UonNguUuoD \ _ .y
Juslp/IBsN Jo sjuBWSe y N y N
BLUCS 180 YOMBLUEL U} y N y N
Ul pagquosep sjyeusq su __% assum | wswdojarsg \ [ ewdojgreg |
‘sjyausq uoperoull ubisap XS 80IAI8C/19ND0 |
ay) Buneinuuo) u ped [ejuasss ue ___ : 3 :_HM_N cc“ d | ___ $5820.d |
padeid BUpUBIE PUB SIUBID/SIESH .../ : | / \ u=103 /
ONIONVYE PUe SINI19/SHISN N S 4
hY
hY
Y
AY
’ Ay
! !
' /_ \
g UOESI|BI218WWO0Y) | WRIMAIIMIS A g
- e | 1 T
2 % e iy | ssauisn - ™
y h |nyssasang isng _ ~
/ Buisiundo . \
\ . juswenciawy
[ uonesunwwon UOQEAQUL| ~ _
| Het r 6 y wawuosaug |
\ 1ea|n ubisaqg \ |
| [RINUND oA
./ y y _N.—On_u | ...,. \..__
// 4 ___ ,/,, 5 f
. S I ......r...ll “ -
I
/
\)P,\
. uoneIauSs) BAP|
sjuswanosdw| . aAnealn sjuawanoiduw)
uoneAOUU| BI1AIISAINPOId S uoneAouu| jeuopesiuebiQ
SPIEMO} UONNGUILOD b SpJEMO} UOINGLIU0Y
\ 9 —_——— - /
/ f \
[ uoneounuep | f voreioqeion |
| Awnpoddo | ensuexy |
A fws|qoid
\ / \ 4
h \\\ /, 4

YN 8y} ul Bulinyoeinuely aAlleAOUU| JO) YloMmawel{ uolijeAouu| ubiseq

345



‘gouewopad ssauisng asiwndo o) (papasu jsow

SI ]I aJaym) Juswisanul pue ‘(abpajmouy J10E) JO Jajsuel))
juawuosiaug | obpamouy ‘(Juswuoiinus yiom Jayaqg ) Aiagonpoid ‘(swi
ssauisng | pes| uogonpoid pue jusiwdojansp npoid peonpai) swn
Buisiundo | ‘(sebuel jonpoud Jo walsAs Jenpow) sassasoid ‘(uonesiin
[EUS}EW pas|wiXew ‘ajsem paonpal) sjeusiew Buipnjoul

g '$82IN0Sal JO asn aAljdaYe Sa|qeus uoleaouul ubisaq

"sJawo)sna Jabie) Joy

sjauueyo ajeudosdde Buisn pajowoid pue ssbeyoed
pue sjonpoud auy} uo soiydesb ybnoiyy pajesiunwiwod
Ajlanoaye aue saiienb anbiun pue sanjea Jiay |
‘painjoeynuew A|ISea pue asn 0} aAlINIUL BI8 UYDIYM
saoinas/sionpold Ayjenb-ybiy ajgensap Ajleuonouny
pue Ajjeanauyisae Bunesio g uonesijensswwo
|nyss200NSs 0} pes| sjyauaq uogenouul ubisaq

UORESI|BI2IBWWOD
Inyssadong

- ‘lapow ssauisng panoidwimau e ui Buninsas
‘sjpuueyo sales asiwndosajean diay yoseasal ABojouyos)
pue jayiew o} yoeoidde 21jsijoy B pue s13sn sy} Jo Yoleasal
uolelauac) eap| oiyredwsa sy "uoneuljjod-sso.0 asiwixew o} suoljesiuebio
| aAneal) [EUIIX® PUE SISLWOISND YlIM pue (Jeuoiyisod-ssoid pue
|ejuswipedapiajul) Auedwod ajoym sy} SSOIJE UONEIOGE||0D
9|qeus 0} Spoylaw uonealn-0a Buisn Aq uoijesauab eapl
anljealn yieds pue abeinosua sjysuaq uoneaouul ubisag

uolnjeaouu] ubisa( Jo s|eos) uie|y

346



‘g obed aas ‘solsusiorIEYD SY) JO S|IEJSP JOYLINS Jo4 "YoIEasal siu} Ag payuspl sonsusioBIBYD

Alax1] 3soW By} jo asuanyul ay) Jussaidal 218y UMOYS SONSLL)OBIEYD ualeAcuul ubisap ay) Jo Seouanjul 102JIpul pue J0a1Ip 8y :8JoN
sosueleley) uonesouy| ubiseq I 110

uojioy/ElRQUAIESSSY [BUISIKT B [BLISIU| Iy iy I o (03 6580 005)
wnyoads uoneacuu| ufiisag uoleAouy) ubiseq jo saauanju) aupy| =
uopesouu) uBiseq jo siysusg @ uoleaouu| uBisaq jo seouanyu) all] -——

UoRaY/EIEC/URIERSeY [BLIBIXT
uonY/EIEQ/UIESSaY [BLISU| - - - -

!

o)
,u-'l,lq.sl-_,a:l

mand 1]

De

et Need!

mar

(Budfyopn, )

Ay

uopeaypuap|
Aunuoddp
[wajqoid

NE...?—._?GN
o jeaishud

2

B Aiges

~ ______ctw_J...,:u_cuc._,

I uojpeloqE||0D
aAIsuUBIX3

B
__n_am_—..nn”_mu:w:_

’ 'F"s.'u'!?.']
0l0Lyg, 5]

Loy
A8,

JuBWLos w3

Buiapigy,
_m:m-.nnh

B

uoljeIauas) Bap| SAIBaID) UO Sofjsuajoeley ) uoieaouu| ubiseq 40 sousnju
s|ieleq JyJomawel 4 uoleAouu| ubiseq

347



‘g obed aas ‘sollsuSIoRIEYD BU} JO S|IEISP JaULIN Jo4 "UdIeasal sIU} Ag payiuspl solisusioeIEyD
Alax1] 3soW By} jo asuanyul ay) Jussaidal 218y UMOYS SONSLL)OBIEYD ualeAcuul ubisap ay) Jo Seouanjul 102JIpul pue J0a1Ip 8y :8JoN

sonsueleley) Uoleaouy) ubiser 10 110 ]

uolowEIRQ/yoIESSaY [BUISIXT B BWAIU gy I o oz ebied 058}
UoRDY/EIEQ/UDIESEY |ELLSIXT wnnoads uoneaouu ubisag uolieaouu ubisaq Jo seouanjul RBIpY| -
uoneaouu| uBiseq Jo seousnyu) peug -———

Uonay/EIEQ/URIESSaY [BLUSI| - - - - uoliesouul ubiseq jo siysusg @

d)

eed!
|
Hilgises 4

pharkel N

yet Need!

mar

11030, 11

pamant B
U
sy Ay

(B

DE:KT]':AH‘-“ U

& WE.._D.—.__-.GN
N eoishud

WO

Ay

NE...?—._?GN
“.._—”u?; _.nn_a.._p_.__n—

Juawaaoadu|
juawuosAug

faanyny }Iop
Slag,
_mam-.nn.__. Euey

N Aiges

~ ______E“.m,_J...,:,\.___._\,.:._._E |

juawdojarag
$5820.d

juay3
Bliafp,
1848-dg L ey

18813
o8]

Ojouy,

Loy
A8y

juawuoliAug ssauisng BuisiwndQ uo solsualoeley ) uoljeAouu| ubisaq Jo asuanju|
s|iela YJomawel 4 uoneAouu| ubisaq

348



‘g obed aas ‘sollsuSIoRIEYD BU} JO S|IEISP JaULIN Jo4 "UdIeasal sIU} Ag payiuspl solisusioeIEyD
Alax1] 3soW By} jo asuanyul ay) Jussaidal 218y UMOYS SONSLL)OBIEYD ualeAcuul ubisap ay) Jo Seouanjul 102JIpul pue J0a1Ip 8y :8JoN

sonsueleley) Uoleaouy) ubiser 10 110 ]

uolowEIRQ/yoIESSaY [BUISIXT B BWAIU gy I o oz ebied 058}
uonayElEd/UDIEasaY [BLISIT wnnoads uoneaouu ubisag uohesouu) ubisa( jo saausnyu| josIpY| =
uoneaouu| ubiiseq Jo seousnyul oell] e——

uonoyeleQ/yRIERSaY [BUIBIY| - - - - uopeaouyl uBiseq jo siysusg @

w0l LUE]
_.nn_az.__.w

T

juawdojanag

a01JagaNpoad
anljenouu]

Yogy

ABojoy

uoljesI|elnJaWWo)) [NJSSE00NS UO SolsLajoeley) uoneaouu| ubisaq Jo aouanju
s|ieleq JyJomawel 4 uoleAouu| ubiseq

349



Yoeal JaLuoisnd pue Jjoid ssiLUIXEW 0} S[BUUEBYD aAjoals alolW a1eald

0} Jo sjuswanoidwi Ajuspl o} saonoeld sSaUISNG ||BISAD PUE S|SUUBYD SS|ES JUSIIND JO UoKEN|En]
1eyew anpnadwos sy

u| ajeRualayip o} yjasy Auedwod sy pue sedlaes/sianpold JO dSN BU) JO UOKESID JO UOREIYRUSP]
ucnealpap pue diysisumo safojdws sbeinooua o) seafodwsa

8y} 0} UCETIUNLULIOD 8A08YS 8|qeus pue Aueduwiod e jo senjea pue UDISIA PaJeys Jo uojesd
sjuslLIsanul [BLIS)Xe ainoas diay Jo jsanul

pUE 2iN}|N3 UCKEACUUI BjgEUS O} JBPIO Ul S82IN0sal alow auinbal Jey) seale ay) jo siskjeue asijoH

og
og
62
62

2 uofjeloge||oo sa6eINooUS JeY) SUO puE Ul Yuom o} Bunioxa si jeuy) (|eaisAyd) JUSWLONIAUS YioM Sjeal)

ucneldepe ubisap apim-Auedwod abeinoous o) Auedwod e uiylm suoidweys uoeaouul

uBisap yum yuswabeuew jens|-do} ay Ag uonescuul uBisap jo souepoduwl sy Jo uoneldaiddy
uoneuljod-ssouo s|qeus o) sYBisul sueys o) sluswpedsp usamiag uoieloge|oo Bulbeinoous pue
‘uolEDIUNWIWGD [BwSiul aafoays Buiseauou) Ag Auedwos e uiypm siswleq [eayauesaly jo Buyesig
(uonenouul uado) ssaooud pue Janpoid Uo YJog UCHESILUCISND MO|Ee puE (Uolealo-032) juswdoanap
saiesionpoud isisse o) saiouabe [euwieixe pue sianddns ‘siawolsna Yum uoneioge|od

pUBLUSP UD palajsuel) pue

(AenBip uayo) paumden aue (seafo/dwsa ayy jo aoualadxa) abpamouy yoe} sleudoidde Buunsug
aun|ie} 4o ¥suU asiluluIW 0} seaas/sjanpoud Jo Aqeinoenuew

Joj se |jam se uonouny pue uuoj ylog Joy Aljigisesy 1se) o} BuidAiojold Jusnbayy pue Ape3

(suodxe -oui) yojdxs 03 Jexyew mau

|enusjod Joj Bupnoss pue puewap pue pasu AJuspl o} JS3EW JUSLND sy Jo Buluueas ansijoH
saoinjes/sjonpod mau (equsiod

pue Bupsixa Joj puewsap pue paau Jiayy Anuspl o} siswojsno jo Aupedwe pue Buipueisiapun
saoinuasonpoid ay) (saysgam

‘s|euajew [euoiowoud pue Buibeyoed) punoie pue (jn Buipnjpur) uo soiydelb aanead Jo uonesijin
saako|dws o} se ||am se

siawo)sno [enusjod pue sisWolsna 0} saolnes/sjanpold Jo anjeA sy} Jo LUONEDILNLILLIOD SANDalT
ulgjuiew o) Asea pue ash o} sAIMUL

2Je Jey} s201A8s/sjonpold LIyiM pappadquua ale sainseaw pue suogouny sjeudosdde Buunsug

Z

SIBLWOISND B JO) BN|eA pappe [euoijowla Jo} sadiAles/sionpoud Jo Ayigelisep Buiseasou)

(v/w4a) Aiquesse

pue ucnonpoud aanoaya Joj sjusuodwod sy pue sjanpoud Jo suonoun) sy jo uonesiwndg
Buunioenuew

a|qixay 0} Buipes| BuidAojoid [enpiA pue uonesiensia aaRBYS B|qeus o} NYD/AYD JO UolesIiN
(Anjenb yBiy jo uondaasad)Ajjensia pue (uoionpoid anoays

asealoul pue aunjie) sonpad diay) Ajjesiuyos) yiog sionpoud Aijenb yBiy Jo Juswdojaasp Buunsug
saoinas/sianposd ul

pasn aq o} Auedwos auy jo Ino pue ul sjuswdojaasp (eaiBojouyos) Buunides pue Buiuuess onsijoH

3

3

(aBed) sjie3eq suonduosag

o™ o™ o o o o o™ o o o o™ o™ o o™ o™

|apojy ssauisng

(dsn) uonisodaud Buijjss snbiun

sanjep/uoisip Auedwo)

(212 QY 'YH) usunsanu|

JUSLWIUOIIAUT YIop [B1SAyd

poddng juswasbeuey jars|-do]

(|eyuswpedapiaiu) ‘|euoysod-ssolq)

UOREIOME(0D [BUIS)U|

(UoIE2ID-02 JBLWOISND)
uoljeloqe|joD) [eussixg

() Jeysuel] raamden abpajmouny

(Buidfioiold) Bupsal Aiqisesd

puewaq/pasn 18yep

puewag/pasp Jasn

apsgaiyy/salydes

UOIOWOI 2N[EA 20|AISSAINPOI

Aungesnyuonoung

sonayisay

uBisaq |ealuyoal

(aw0) ubiseq papry seindwod

uawanoidw| Aeny

uonesiin Abojouyoal

so1jsusjoRIRYD

uonduosa( onslisoeley) uoleaouu| ubiseq

350



Messaoau

se Buipuawe pue
Buimainal ‘sanoslgo
jsuiebie sawwelboid
au} jo awoono
|enjoe ay) ainsea|y

nebiey ayy anaiIyoe 0}
1500 pue sanl|igisuodsal
Buiwy Buipnpul
‘aluoIIND Bl Janlep

0} sawwelboid ajealn

‘swwelboid juswdojansp
e Buyeauo ul pasepisuco
20 0} SUON2E UoREAOULI

uBisap juanbasqgns
puUE SONSUa)0EIEYD
fuonud sy Anuap
‘JOMBLUEL) UOTEAOULI
uBisap sy Buisp

uoneaouUl

uBisap jo spsusq

x1s ayy Buisn (jana|
palisap umo s Auedwod
aU} Jo) Jojoes au

w1 sonoesd 1sa8q Jo |ana|
aouewuopad ay) ssassy

Alleusspxe pue

Allewlaiul Wpog sjsajuewl
} San|eA pue aoualsixa
s Auedwoo ayy Joy
uoseal ay} ‘flessaoau

J @sinal pue ‘Anuap|

‘'Sassauyeam aonpal
pue suibuans s Auedwos
2} 8SILUIXELW O}

dojanap 0} Bale 2100 au}
BSNUOU “J83IEL JUaLInD
al) ul seaines)sionpold
51 pue fuedwoo ayy jo
uolisod au) puelsiapun

‘pabpa|mousoe

ale juswdo|sasp
ABojouyas) mau
yBnosy sapunpoddo
1o ‘ssaulsng a|e1s
‘uonnadwes Buiseauoul
pue sajes Buiseaioap se
yons swajqoud ssauisng

awong Slen|eny

1ebpng sjeso|ly
pue awwelboid ayeaug

dojanaq o) sonsusjoBIEYD
uoneaouu| ubisag Amuap)

Buryiewyouag

SjuslWSElS UoIsI
PUE UOISSI| MaInaY

Buluuess
jusluoNAUT SSauISNg

fyunpoddpjwealgoid
0 yawabpajmouyoy

uoneAouul ubisap [EjoL Joj yiomaweld uopeaouu] ubiseq auy Ul Juswdojaasp Jaypng

2IMno JuBUILIOp
B SE JUSLUBAJOAUI SAEAOUU|

JUSLUSA|OALI BAIJEADLILI
Buiwiea| papua-uado
‘parEniul A)jeusu|

UOREADULI JEWSISAS
yum sjeob 216ejens Bujubiy

uonesiuebio
10 spied Ul JusLuBAjonU

BnEAOULI JEWSISAS BWOS

JUSLUBA|OAUI BAIEACUU
anewsisAs ou Jo s

JUSLLIBAJOAL| UORBAOUU|

S58UISNg JO S|ana|
IIe ul paonoeld Bupjuiuy
uBisaq -aunyno se ubisaqg

uonesouu BuiBeincous
1o sueaw oiba1ens fay e si
uBisaq -ABsjeng se ubisaq

ssaooJd uswdojanap

3y} 0} |esbBajul s

ubisan -ssaoonld se ubiseq
alfys

10 swua) Ul jueas|al Aluo

s uBisaq -Bunfyg se ubiseq

uawdoanap
aolnasonpoud i ajol
ou sfAed ubBisaq -ubisaq oN

funiew ubisag

$59201d uonejuawa|dw] ylomawel4 uonpeaouu] ubisag

G abeig

G sbeig

¥ abeg

¢ obels

z sbeig

| abeyg

t ebelg

JUSLUISAJOAL| UOIFEAOUL]

¢ obels

(wnnoadg uoneaouu) ubisag pue Juawaajoau| uoneaocuu| ‘fHunmep ubisaq)
xujep uoneaouu] ubisaqg

zebeis | obelg

o
i1}
w
1e]
2
w
w
w
1]
(%]
2
o
g 9
w
o =
w
=4
=
o =
]
w
11
b
@
1]
w
L1e]
w

$S8001d uonjeluswa|dw| yJomswel4 uoleaouu| ubiseqg

‘Xu3e uoneaouu| ubisaq
uiyym Auedwoo Jisyy aoeid 0} Juswissasse jusaLl
-aA|OAUl uoeACUUl pue Ajunjew ubisep e pajonpuod
aney pinom Asy} ‘Buiuuess juswuoliAUS SSaUISNg
e Buwuns siypn uoneuswadwl  jJomaLuely
uoneaouul ubisap ajeniul 0} Aj@yi] SUCIIEN}IS UOLILLIOD
Jo} Buiyosess ‘saipnis ases Auedwod Buunjoejnuew
annesouul x1s-Auo) auy Buisn pajonssuod Si YaIym
‘yomawely uonesouul ubBissp ey} Bupuswasdu
10} X800 e anb 0} papinold ale soleusg 8aly)
‘PAPUSLUILLCDD] 310j2lay} SI YIOMSLWIEBY UOlBAOUUL
ubissp sy} Joj sseoosd uonejusws|dwn oususb

"SSBUSAIJBAOUUI JIBY} 8seaIoul Aj9Aj0ays
0} SN0} JO Seale Juasaylp alinbas |m ssiuedwod
juasayip se ‘Buibuajieys uonejuswaldwi Jussaid saiu
-edwoo Buunjoenuew |enpialpul jo saibejels pue
suonenys Buifiea ay) Ajunjew Jo uoneydepe uoly
-eaouul ubisap Jo s|aAs| Jualayip yiim uoneaouul Bu
-jeulwiassip pue Buidojanap ‘Bunelsusb Joy uonnjos
|ESISAIUN OU SI 818y} OS 'S80UEBISWINDIID pue sanjuoud
Builuea yum swajqold usiayip sey Auedwoo faag

uonanpoju|

351



ssauaneAoull ssaooud pue sonaspanposd ‘siojadwon sy jo Aue ueyy sunssaud Jaybiy Auedwoo auy Joj uopeAoUUl Jajaq
2sE2I0U| 0} UONESI[BI2JBLULIOD [NJSSa00ns, ‘sanjen pue asualadwos a1o0 e Je saineladwa) sainseaw Aayeinooe yoiym ABojouyos) Jan|ap pue asIApE ‘SSESSE 0} YJOMBLIEI UDBAOUU|
se pawuyuoo sem fuoud oiBsiens s Auedwoo s Auedwoo ay) uasaudal Yolym pajuaied anbiun s) se payjuspl sem sousjadwoo uBisaq sy) sasn Aoueynsuos syl (SN Jewoy)
al) pue juawdol@aap Jaypny Joj Uasoyd SJUSLUSIEIS UOISIA PUB UOISSIW 2109 5. AuedWoD 2| 1E%JELL U} Ul [BAIAINS SEM 201MSS UIMOIS) SSaUIsng auy) Ag pepuswiwosal se
2i0jalal) alam seale asay] "aouewlopad pajeasn fauy ‘suswpedsp jualayp eale Juabin jsow ay) se yomalield uoneaouu| ubisaq Aoueynsuco uonesouu uBisap e ally o) paploap pue
ul @oualaylp 1sabbig ay) pamouys syuawdojanap wouy seafojdws Bupediomped 3y} Ul UoiESI|EIDIBWILLIOD [NJSSB00NS, SE 185 A||eniu sem ‘Jayiew au} Ul ajadwoD o} SSBUSAIJBACUU| SSESI0UI
ssaosoud Jusoiye pue 'yuswdopssp pue sisbeuew jpas|-doy fuoud ay] (xupep uoneaouu| uBise( auyl pue YJewsanoT) 0} paau ay) peaube e Aay; ‘Bunssw oibajens |enuue
20IABSAONPOID BAJBACUL 'UOREDIUNLILLIOD SIUBYNSUOD Yyim doysyiom auy s|oo) pal-uBisap awos pue (xujely uoisog sy pue siskjeue ue U] ‘aseasoap soud 1o [eqo|b sy} jo ssneasq s)soo
Jeajp ‘uonesynuapl Apunyoddojwaigold Jayy ‘siawoisno pue saafojdws LOMS) siap|oyayEls auyl o} Jel|iLLE) 5|00} [EUCIpES Bumno Apusbulys ale oym sjualo Jenbal au} uana
‘Juslissasse-)|as sy Auedwon yum pasedwod yioq o} sanjen Auedwoo yioq Buisn uonyisod pue uonenys s Auedwos ayj sjen|ess aso| 0] Buuels ase Aay) 1Byl 1E2IU) B YoNs awooaq
puE payiuapl alam sjjausg uonerouul ubisap $S2JppE 0} sjualuale)s yons Jo Alleonuo o saafojdwsa Aay pue siebeuew |arsj-do) aney |1zeig pue Ajgy u savedwos Ag spew syonposd
10 seale x5 Jo aouewlopad ay] "eouewlopad souepodw au} pasijeas siabeuew LM suoissas doysyIom Jo SaLas B UBl SJUB)NSUoD Jadeayo 1ng payeonsiydos $s8] JO UoRONpPOJU
S }JELWIYDUSG 0} payuapl sem 'y Auedwon) |anaf-do} Ing ‘SIUBLUBIE}S LOISIA ay] ‘Buiuioap ylog sejes pue uondope ‘ajofoay) Ju0aJ 3y} ‘IanamoH ‘S8|es pue aleys jayiew Buiey
0} Jojoas Jejwis e Ul Auedwoo Buipes) sy Jo uoissiw ou pey fuedwoo ay | sy jo sbejs aje| ay) i s1jonpoid uielw sy fuedwon 10 aleme ale siabeuew |jaas|-do) pue sispunol sy
Buppewyousg A SJUBWIBIEIS UOIS|/\ PUE UCISSI Buluueoss JuswuoIIAUT SSaUISNg A funpoddoywslgold jo uaswabpajmouyoy

(ebed 3xau uo panunuog) ssasoid uonejuawajdw] yiomawei4 uoneaouu ubisaeq

[ TETERTT [T
S UohEAOUL| $58304d
. SRIBME UOINQUINET
y /,..
_‘w.w”_..o.._.wm_”ﬁn_.._ JUSWBAJOALI] LIOIEADLILI| “Joxiew ay) u saAINS
__/w/,__ma...._\ ) _L gobelg pobels gebelg zebms | abeig 0} sjuem Auedwod ay) ‘ssjes jonposd Buluiosp
X w Ui “seoud Jamol e jonpoud Jepus e Buipinocad
P il g saluedwod seasiano woly Ajjenadss ‘pasealoul sey
o S uonnadwon jng ‘Aoeinaoe Jajealb 1oy sieak sy} Jano
o - m panosdwi uaaq sey jonpoid ay| -obe sieak usayy
ﬁ - w = oy payoune| sem jonpotd 151y 8yl 1500 mo| AjlaAalell
| UOESIUNWIWO; o
\ ig912 w8 Je paonposd ag ueds pue Aoeunooe jealb ypum
) - rmm. W SJUBWIUOIIAUS BWaIXad Ul pasn aq ued yaiym ABo
w 2 -jouyoa} mau e padojanap Aay) uaym punosbyoeq
] iy 2 g Buusauibus ue yum siayolessal jo dnoib e Aq
s LN ? papuno} sem Auedwoo ay] -ainjesadwsa) JUeSUOD
™ i
Vg \ e uiejuiew saujadid aunsua o) Aisnpur sef pue Jio
| uonesynuap | w
| fwnpoddo 5 8y} Jo} seoinap Juawalnseaw ainjesadwa) sayddns
. waigold g
N g o yoiym Auedwoos Buunpenuew e sty Auedwon
UOMESI|BIDISWWOD |Nysa2ang ul Auoud s16ajens yym v Auedwon Joy xujep uoneaouu] ubisag punoibyoeg

juomswel4 uoneaouu| ubisag

| Hed - slawolsho pue aleys }ayiew Buisealoap yum y Auedwo), ;| oueuass

352

uonejusws|dw| yJomawel4 uoneaouu] ubise(



353

L

‘uoneaouul uBissp |EJ0L SpIEMO) JayuIny ssausaleaouul s Auedwod

au} aseasoul o (uonessuab eapl aaneauo) Jeusq uonesouu) ubisep jo seale
JBLRO Ul }S8AUI 0} MOY-USED papaau yonw yum Auedwod suy) papinoid sey
l18¥JELl SESSIaAD MBU B .w._OCL._mr_t_._u “Sluawaja uoneacuul _._m_mm_u mC_mj \.Q
ssausnniadwos pasealoul Yum paysies usaq aney uonjadwos Buisealou
Y Jeew auy ul snmns o) syebiey a1Bajens ay ) |nisseoons Ajsow

usaq aAey yiomawel) uoneaouul uBisep ey Buisn padojensp sewwelBoly

‘syodxa asealoul o] s|lelap
aouajep pue soedsolae o} uoisuedxa YYm ‘J2seW aU) jo pus Jaddn 2y je pauonisod ale sjonpold 10 abed pau
2as 2sea|d

ay] "sionposd mau sy} Joj SUCHEDILUNLIWOD pue sonayisae Buisn ‘Juawasueape [eaiBojouyos)
pue Ayjenb jo ebeun puelq e Buuaalap uo pajecospe sem siseydws uy jonpoid Bugsixa
dojenag 0}

ay) uswa|dwoo o) sponpold Jo salss e S| awodino |eul ay| 18Bpng syl uiyum juswdojsasp sy}
sjuawa|gz
S)| pue

dagy 0) pajnoaxa asam sawwelboud e JoN Auoud e se payuspl seale sjeldosdde ayy dojansp
o} uBisap Buisn Jo) sewwelboid jo sauas e padojaaap sey Aougynsuod uoneaouul ubisap a

1sap bul ') ¥ ! padojanap sey | I | ubisap auyL sopsuelIRIEYD

‘ uoleroul| A

uiisag Appuap)

1aBpng sjeoo|ly pue swwelbold sgal)

awoonp senjens

USRESJHUBP|
Ayunpoddg
Jus|qoId

(abed snoiaaid wody panuniuog) ssasoid uonejuawajdw] yJomawel4 uonesouu| ubisaq

I uonEDIUNUILLIOY

Juswdojanag
aauagRINpald
BANEADUL|

b1
Ulagy

oy,
Ao,

v Auewon ay) 1o} uonesijelasawwod [nyssasans abeinosus o) pue sanuoud a16ajesys ||yIny 01 (A246 ul) sonsuaeseys pajielaq

Z Ued - slawolsno pue aleys }ayiew Buisealoap yum y Auedwo), ;| oueuass

uonejusws|dw| yJomawel4 uoneaouu] ubise(




¢l

|2pouUl ssaUISNg 8}e81o o)
Woud aseasou| N 5|00} pal-ublsap jo asn

uleyo anjen S[auueyo sajes
u fauaiolye aseasou| mau Ajusp)

|epojy ssauisng

1o cw_ﬂw_wﬁw_mtwm ——— aBpajmouy 1o1dwi 1oenxg

suonnadwos jo pesye fe1g
| 1@yieW Joy
v sjuswanoldLul asnuUold
19yjew mau yojdx3
puewsag/pasn jaxien
puewap/pasu

UOIOBYSIIES 135N SSERIOU| e— dinyny jeebl0y

fJIGENSSp SSESIOU| e SI2SN 23U} YiM BsIyjedwg

7 SN|eA pUBIQ SSBBIOU| e Em%%owm@ﬂﬂw_ﬁm

(dsn) uonisodoud Buyjag anbiun

uolsia Auedwod

SSIUBIEME PUBIQ BSEBIIU| S1EDIUNWLIOT)

sanjepuosip Auedwon

uoiediunwwod antagy
spoylaw uonowoud
anoays Ajpuap)
SSaUaleME pUEI] 3SESIIU|

UOIEDIUNUWILLOD [ENSIA

AiieaiBojouyoey 2onpoid 10 uolEDRUSP|

puewWwag/pasN Jasn Buipuejsiapun
USHEIDH ENS B sonasjonpold aseaou|
JoEW MaU Jojdxg suonadwon Apuap| fygenssp asesuou| vll. spuay) Buipes uonRowWold anjep 321AI3SAINPOoId
aleys Je)IEW a5BRIU| 10 wu__mwﬂ_ﬂ%wuc N Sjalyysar anjeA puelq aseamu| =—— abessaw puelq Asauon
1enJeW Jusung fyunpoddo aun|ie} Alqwasse annodays .
puEjsIapun Je%lel MBU Joj Jnoog soinmasonpald sonpay 1oy uBisa@ uopealUNLILICD BAoidw] |+ Aujenb ejealunuiwog
puewag/paaN Jo3eN Eﬂﬂﬁmﬂﬂqﬂuﬂf ubisap usuodwos sidwig sanayjsay
spoyisl yoieasal juswenoldw) Kieny sydaouoo
ublsap Jo uones| 0O Uonesijensia lslla
7 L ﬂﬂﬂﬁwﬂmﬂ: A 1sap § nesinn SE8pI SIEDIUNWILIOD JoNag A ! nesijensin Jajlag
: fauwinol Jswoysna Amusp| sjonpoud peoueApe T deb ABojouyosy seapl asybia

puewag/paap Jasn

uoneaouu| ubisaq jo 519943 suonay uoneaouu| ubisag

uonesynuap| Apunyoddo/walqold

uonesiun ABojouysal
uoneaouu| ubisag jo s1oay3 suonay uoneaouu| ubisag

juawdojanag 921AI9S/3ONPO.d SAIIBAOUL|

(avo) ubisaq papiy Jeindwon
uoneaouu) ubisaq Jo 51843 suondy uoneaouu| ubisag

uonEIIUNWWOY JB3[)

v Auedwoy 1oy uonesijeloIaWIWOY |NJSS222Ng, dojanap 0} sjuawala s} pue sonsLajoeIeYD UojeAouul ubisap pajoajas pue payyuap|

€ 1ed - SIaWO0)sno pue aleys jayiew Buiseasosp yum y Auedwo), ;| oLeuads

uonejusws|dw| yJomawel4 uoneaouu] ubise(

354



355

€l

uawdojanap uoneaouul jo aseyd 18y ‘sapjigeded mau ay) joapyal “uswiuoiaue ssausng Buisiwndo, asnuoud o) papioap "ssauanenoull s Auedwoo auy anosdwi
aU) Ul Wwes) uonenouul sy fg ps| ' uoneloge|oo 0} palajje aJaM UOISIA PUE UDISSIW siopap syY) pue ‘Bunssw woolpleod e Ul pajussald pue asoubelp o} ylomaslel ] uoiesouu| ubisag sy

aAIsUSiXe, pUE Juswaacidil JusLiuoliALS 2y} 0s 'paysigelse sem Auedwoo auam sBuipuy 2y xuew uonerouul ubBisep au 25N 0} peploap WEes) UojeAouul 2y ssaus
jainyna yiom, ‘Juswdojanap ssaooad Juaoiys, au} jo aouajadwod [BUCRIpPE UE ul pajuasaldal S| yaiym ‘Mo s1 LUOIEAOULI Ul JUSLUSAIOAU] pue suibiew yyoid s Auedwoo auy asealoul
asnuoud oy papioep Auedwoo ayy ‘uoissas 'SILB)NSUOD |EUISIXa DUB SI0j08lIp nayy ing seubisap jonpoud e pue siaubisap GuusauiBus 0} uopesouul |euonesiuebio pue ssaosold ay) dojsnep
sy} Jo ynsal e sy g Auedwon yum Jojadwos ‘saafo|dwa fay yim doysyiom J0 s)sIsUCD Wwes) ubisap ayl 4N 2Ul Ul JuswWaAjoaUl 0} Wes) ay) asn o} psalbe siojoaup syp Ing esk Lana
1o02up B Apse| pue Jojoes Jejwis e u) Auedwoo B Jayy Alleusspe Jo A|lewsiu [ELUILIL UjIA NG 'sJeak ua) Jano Joy Auedwoo el sjonpoud pancidiul Jo mau JaLIoISND auy)} SJayo Wes)
e Jayjoue ‘Auedwos [eqo|b arneAOUUl UMOUY-|[@M Jayya Aj@lEnbape pajesiunwwog yum usaq aney seafojdws Jooj-doys ay} jo uopodosd uoljenoUUl pajesipap v “uoniadwos ainny aledionue
B 9U0 ‘saluedod saiy) payJewyousqg JOU 2JaMm UDISIA PUB UOISSIW 8} Ing abue| v ‘sieak fjuamy Jano Joy pabueyo jou sey sseooud pue uolsuedxs ssaUISNg AINSUS 0} SSaUSANEAOLU]
fal] Jojoas Je|ILIS B Ul pSyJOM SABL OUM suone)s aoeds 0} salloy ansauiop uononpoud 5,9 Auedwon) yeyy punoy A2y pascidu Jiaug anosdwl o) papiosp alojaiay) Asyl ainyno }Jom
SJUB}NSUOD pUE JODas alles ay} Ul Solluapede woJl} alaymiiana pasn ag ues ag p|noa Uoiym seale AJiuspl pue ainyno yJom au} auy ul pue sBuuayo 1onpoad au) ul yiog aje)s awooaq
Burpaul ‘uonenys J8¥Jew au) puelsiapun yolym saysums 61 ajgeljas apinoad puejsiapun o} sjuswipedap snouen ul seafoldwa ypum sey ssauisng jey) aalbe siabeuew janal-do) ayy
0} doysyJom B UBJ OS|E LWES) UOKEAOULI 3U | 0} 51 uoissiw s, Auedwoo sy | SMBIAUSIUI JO SBLISS B Pajonpuod Wes) UoIJeADULI Y| INg ‘anusAs) pue Mol-yseo ajgels sey Auedwoo ay

Buppewyousg A SJUBWIBIEIS UOIS|/\ PUE UCISSI A Buluuess JuauoIIAUT SSauIshyg A Aunpoddoy/wa|gold jo uawabpajmouyoy

(ebed 3xau uo panunuog) ssasoid uonejuawajdw] yiomawei4 uoneaouu ubisaeq

SjUBEA R
uohEADUL| SSa304g
e fx./
F, \
| wewdojEaag |
ssaonlg | JUBLIBAJOALI] LONEAOLILI

wsogI

4 e A i S i O i AP i ‘Auedwos ayy ul ssauaneaouul Buisealoul
m Aqg uswuonua Joxyiew Buibueyo 1sey ay) ajedionue
PR i 0} Juem siopalnp Auedwod ay) 1anamoH poyiaw Bul
. . -Imoeynuew s|qixay e Buisn Aq sjusijo s) 0} seoINIES
oy \ A wE“a_n,_,..._/ pm Jusnbasgns pue sayoleq |lews ul sjonpoud axodsaq
_“ wﬂﬁw.ﬁn B = Buipinoid jo ajgeded os|e s1 ]| "pueLISp SIBSN JUaLND
_.,/, y | m m Asnes 0} sjuswanocsdw Buinupuod ypm Ajjigeras
R rw g 1onpoud sy 10} umouy si Auedwod ay) ‘NI ay} ul
vonesusg eapy " S sajes sy Jo Juao Jad Aybia yum (Dzg pue Dzg) asn
I S AT 8 [BIOJSILLIOD PUE DISBWIOP LJOq Joj SAUDIIMS [EOLI}OB]S
2 N Bt - saonpoud ‘obe sieak Aoy paysigelss ‘Auedwiod
___a uoneioqsio) ..___ @ 3y 's92IAISS pue sjonpold s}l J0j PUBLLSP PIIOS YiM
¥ | = sjualo 4o 11| 3|qels e sey g Auedwoo Buunoejnuepy
N >
juswuodiaug ssauisng Buisiwndo u Huoud a1Bajels yum g Auedwon Joj x1ye uoeaouu| ubiseqg punoibyoeg

}lomalueld uopeaouu| ubisag

| Hed - ssauisnq s)l puedxa 0} sjuem jey) g Auedwon), paysi|qels :Z oleusds

uonejusws|dw| yJomawel4 uoneaouu] ubise(



‘saaInosal

EEN]
Joy) abed xau
295 ase9|d

14

‘Wwes) uolerouul sy Ag pa| ‘'seafojdws Guolwe uoljeloge||oo

Aq payemu ((a1) pue (1) sangoslgo) sseuisng Buisiwndo jo eseyd pucoas e
papels sey Auedwoo ay) sjuawpedsp jusiayip Ul pajeul|jod-Ssoi0 Mou S| JEIS
paousiiadxa siow jo sbpamouy Jo1jdw| fpuanbal) siow seapl aleys mou pue

HIOM SU} UM PaISHES 2oL Lonw aue seakojdws Apuesyiubis ainyna yiom au
1) pue (1) saanoalgo iny o} syoelosd Bunonpuod

pabueyo sey Buipuelq [eusaju]
‘WES] UOREADUUL SU} UM yJom o} paily sem Aoueynsuoo uonesouul ubisap v

pue aoeds pajsem aonpal o} ABojouyos) 1saie| syl Buisinn Ag sseooud uonanpoud ay) esiwndo
(n1) pue ‘saciyo pue Jooy doys sy} usamiag saceds uoneloge|os Buipnpu Ag Buueys-espl pue
4N Ul uswabebus safojdws asealoul (1) uonesunwWwos Auedwos |eulsiul aaosdw o) Buipuelg
[ewajul dojaaap (1) ‘Joid asesioul 0} [Spolu ssaUISng B Sje210 pue malnal (1) :ale Wes) uoneaoull
ay} pue sapuabe ayy usamyag uoneIoge||od au) jo saanoalgo ay sepusbe ubisep BuussuBua
pue uoneaouul ubisap Joy paleald alam sjalq ‘sonsualoeleyo uonenouul ubisep Auoud sy Buisp

1eBpng 21e00|y pue swweibold sjeal)

dojanaq o}
sjuawa|g
s) pue
SoljsUsoBIEBYD)
uoieAcu|
uBisag Anusp| A

awomng syeneas
(ebed snoiaaid woly panunuog) ss820id uonejuswajdwi jiomawel4 uoneaouu| ubisaq

e,
e
tag, s
e,
Uiy 0

o
g,

Hoddng sy
19A8-cigy

Juaanosdg
JuBLILOIAUT
[Inyng oA

3
e
oty
o

Juswdojanag
S5a301d
jualoga

1]
Uqas_l

oy,
Ao,

g Auewos ayj 1o} uoljesI|eIaJaWWod |Nyssasons abeinoosua o) pue sanuold si1bajens (14N} 03 (K246 u1) sonsuajeseyd pajieaq

Z Ued - ssauisng s)l puedxa o} sjuem jey) g Auedwo)), paysijgeisy :z oleusss
uonejusws|dw| yJomawel4 uoneaouu] ubise(

356




Gl

uoneloqe|jod sebinooug |A uolyEAOUUl 8Siliold

poddng juswabeueyy janal-doL

UONOBSHES 185N asEaloU|

Aligensap aseaiou)

ufisap juauodwoeo ajdung

puBlIap/pasU
ainjny }seoalo

siasn ayy ypm ssiyiedwy

uoneloqE||0D

sousiadxa Jasn anosdw|

spuaJ Guipea

Jeusajuj

UOIELIOU|
gjeipaw pue jaidisu)

uBisap usuodwos sdwig

uopoEBJSIIES JBSN BSEaIIU| puewsp/pasu

ainyny }sedalo4

fliqensap aseaiou) | s1asn ay} ypm asiyiedws

spual Buipean

JuawuodIAug jIopn edshyd

> mumammc_x_oam_n_xm_u_
ucw_o_tm
uononpold aseaiou| vA Mol Alquiasse

Juconpold asiupdo

juawuoiAug YJop [eaishyd

uonedioued

safioldws sbeinooug
ssaualeme puelq asealou|

sanjen fay Anuap|
Buipuesiapun

aginasionpold asealou| uoisin

pasno0)-IaLIolSnD alealn)

sanjep/uoisip, Auedwog

saouauadxs Jo
uone|noie anoldw|

ss200e abpajmouy ddN Ul padinbal
10 foualoiys asealou| asiuadxs sy Mnusp)

|lood abajmouy asiensiy

(y) 18ssuel) jaamden abpajmouy

fousioiye
uononpoud aseaisu| saouaisjeld Jasn Auap|

(Buidfyo3014) Bunsal Aungisesay

uopesijeuosiad aaoayg

fyligenssp aolnies

uoljeloge||oD [ELEIXa

adN Ul siuaip

fonpold esealou|

JSIasn anjoAU|

o} papaau seale Ayjuap|

deb ABojouyosy
40 uonedynusp|

Aouspiye uondope
uononpead aseasou] 1 ABojouyos) sreudoiddy

Q9 Ul NSl 20NpaY  e——

UOREIOGE||0D [EUI8}XT

uoneaouu| ubisaq jo s1ay3

suonay uoneaouu| ubisag

uoneIoqe|j0) 2AISU)X]

uonesinn ABojouysa]

uonjeaouu ubisag Jo spay3 suonay uoneaouu) ubisag

juswdojaraqg Ssa204d Juaidiyy

fyngeso abeinoouy  ———  soeds Bupuom s|qixs|4

moj Ajgussse

uoljelogqe||0d 8sealil]  |le— ____CD:.U-._UOHQ Qm__.t_.ao

juawuosAug YIop [e21sAYd

uswabebus slap|oyayels
aafojdws sseasou] T usamjag UONEIIUNWILWICD
diysisumo

sofojdis ssesioy; -+ DULEYS B3 8BeIN0oUS

UOpEIOqE||0g [BUIIU|

uonediunuwoD L-mm_o
Bupugjsiapun aojalas e

AaNpoud/puBlg asealou|

Bulpueig jusisisuon

aysqapysolydeln

uoneaouu| ubiisag Jo s30ay3 suonoy uopesouu| ubisag

juswaAoidw] JUSWUOIIAUT/2INYND IO

g Auedwoy Joj uonesijeiolawwo) |njssazang, dojaaap 03 SJUAWS|3 S} PUE S21ISLIS}ORIEYD UoBACUUI uBisap pajas|as pue payiuap|

¢ Ued - ssauisng s} puedxa o} sjuem jey) g Auedwon), paysi|gelsy :Z oLeuass

uonejusws|dw| yJomawel4 uoneaouu] ubise(

357



9l " UDIEDILNWILWIOD JEB|D, PUE ‘,UDREDIJIUSPI ‘suonelado uoneaouul - uonelausb eapl aaneaun, yum Aawnol uoneaouul ‘ssauaniadwos Auedwod aoueyua
Munpoddojws|qouid, ' uoneloge||oo uBisap s Auedwos s ||e pes| |E101 B3 S1ERIUI 0] papioap alolalsy) sey Auedwos sy | 0} seale uonesouul ubissp asnsusyasdwon
ansuae, (Auedwos ay) Joj seause fuow 0} Jojoalip uBisap e Buuly Buuspisuoo sjonposd ayodsag sonposd o) sysanbas jusip B sassalppe Yoiym uoneaouul ubisasp
Aued A d B B B d d 1 b B 6
painuapl yoaleasal ¥sap Jayund ‘uoieaouul mou ase fay) pue ‘pabueyd os|e sey fjuo fuedwoo ayy asneosaq onpoid mau e o) Buipes| uonesauab |e101 eonoesd o) saiuedwon Buunoeuew
ubiisap Jo sjyaUay |ENUSSSa XIS U} Ul |3A3) ubisap Jo uondsasad ay) ‘sjoum e se eapl onewsisfhs jo yoe| sy} paunuapl osje fay] ‘susio poddns o] yJomalel4 uoliesouu| ubissq
souelopad aU) payiuep) SUCISSNISIP [BRIU| uopesiuebio auy) pue sssooid ‘sonas Nayy Agq papuewsp sjonpold ayodsaq ay) sjeaso Aau) Moy Ul pue al) sasn awwelboid ay] sdn-pejs ABojouyos)
"J0}0as awes ay} ul suonesiuebio awos alem ‘1onposd Ul aAlEAOULI BIOW BL0Daq asuas [eaifojouyoa) aup Ul ylog ‘asusladwos 8102 s Auedwos Joj awwesfosd 1s00q uoneaouu) ubisap e suni
BLUOS pUE J0J08s Jualaylp e Ul saluedwod o} Auaneass Buisn pue Buneann ay) Bufpuapl sem awoono doysyiom sy UoHEACUUI pue uolym Alsianiun e yym ssgom mou fuedwoo
|EUOHEUNINLW S18M SWOS YIBWYousq uo alow snooy o) :Auedwos uBisap Jo AUNjeL JUBLINa a8y} MOYS O} XUjew uolesouul ubisep 2y onewsishs jou ing sayoeosdde mau
0} pajuem fay seiuedwos [BIanss aU) Jo} UoISIA MBU B payusp) ay) uo Auedwoo sy} passasse JUBYNSUCD ay] '|oo) 131S3d W Bundope ul a|qixa)y faa s uonesado Auedwos
paynuapl siapunoy Auedwoo ayy ‘doysyiom SJ1apunoy} ay) os ‘sal pue Buiwicysuielq Buisn ‘Juswiuciiaug ssauisng s Auedwoo ayy aup ‘Auedwod dn-pejs e sy ABojouyoa)
ay) alojeg 0 Auedwod) o) Je|luis plsy pue seapl mau papinosd doysyom Anuspl o) ssafojdws pue sispunoy 9 Auedwon yim doysyiom asnoy-u Bunsixa ayl ypm saniunuoddo mau
au) ul s|eucissajold Jayio pue sJUENSUCD 2y} 1ng ‘uswaoueape Abojouyos)y B Uel Jueynsuod ay] swwelboid poddns Apsianun syy pul o} ‘uoneAcUl Ul sjEoxa yoiym Auedwos
By} ypm play sem doysyiom pucoas y uaaq sey snoo} Auedwod ay | Aq Auedwoo ayy yum paul| sem Jueynsuod uonenouur ubisap vy e pling o} adoy siapunoy Auedwon ay ]
Buysewysuag SJUBLWISIE)S UOISIA PUE UDISSIN A Bujuuess JuswuolAUg ssaulsng A funpodd/weigoid jo Juswebpamouyoy
(abed 3xau uo panunuon) ssasoid uonejuawa|dw| yiomawel4 uoneaouuj ubisag
JUSLUBAIOAU| UONEAOLIL|
——_———— gabemg pebelg ¢oefelg zebmg | ebmg ‘JayJEW 3] pE3] UED UYdIym ssauisng
1) aAREACUUI UB PlING O} JapIo Ul AI0aL) uoieAoUL
2 ubisap |ejo} ydope o} Auedwoo au} Juem os|e
. s1apunoy ay] "S|qe[leAe AjopIm SJ0W SW093q 0}
p— wsLNI 2 ssa004d 8y} Bujuyas anuuod o) JUBLWIISBAUI JaYUINy
[i=]
{ Dursnupdo. o saunbai jnq Jueib dn-pejs Juawuwianob e uanlb
| UONEIIUNLWOY " | o - .
| Wl / " m uaaq sey Auedwoo ay] "uonesydde Aseyjiw oy
//..-l. ) rm M pue S1e2 U eINWIo4 10j sped ayodsaq ssonpoud
:o:mwﬂ_.._wwwuw%__ w B 1 ueyuud ag Wing-yes e Buisn “Aoeinooe ybiy
e = @ g yum sjoalgo qg arealn o} Jamod Aoj|e wnuwnie
UOREADLL] S0IASEINPOLY usgELUY| [Euogesiuebic w
‘SPUmna uopnqIAUoD SpIEME USBALAUSD ? pajejnuuoy Ajleoads ajeindiuew o} Ayjiqe
= R
, // ay} s ABojouy2s) 8100 BU ] "qe| YoIeasal Ausiaaiun
__ uopEagRuap| I uonesoge|on il o
| aﬁu%ﬂo | | omsumxg | B e woy padojanap ABojouyos) Buisn sonpoud
\ W 4 ~ . Buronpod Jaimoeynuew dn-pejs e si ) Auedwon

uonesi|e|aIswWwWo |nyssa29ng ul fAuoud a1Bajelys ypm
}iomawel4 uoeaouu| ubisag

1 Auedwoq 10y xuep uoneaouu) ubiseqg

punoibyoeg

| Hed - .0 Auedwo), dn-uejs jeunsualdanuy Abojouyos] :¢ olleuads

uonejusws|dw| yJomawel4 uoneaouu] ubise(

358



s|ieep
Joy afed xeau
295 aseald

A _‘ ‘fuedwos uonenouul uBisap |ej0) B Bulwooaq spiemo) Bunjom

‘sosugloBieyD uoneaouul ubisap Jayio Buidojanap Ag Jaypng ssauaneAou] 1eR/EW mau
sy anoidwi 0} syees mou AuBdwWos By "sI9sn mau ayy BulpuElsIapun Aqg sjeyIewW e ul ABojouyoa) sy asn o) sbuuayo soiues mau pue gdN Ul Auaesso soueyus o} sewwelboid
mau ojul puedxa pue saiyjigedes uoneaouul ubisap si moib oy Auediuoo ayy Jjo 185 pajeslo os|e sey Auedwoo ay] ‘ssnunpoddo pulj pue siayIEW pue siasn mau |enusiod
padjay sey Juswisanul mau YBnouyl JUsLWSASIUDE |2I0UEUL SIBIPSLWILLI 81 "Snjen puglsiapun o} Japio U sawwelbosd paj-ubisap sjeaio 0) Jojoaldip aane2so Mmau e paay Auedwos
pinom siasn [enusiod yoiym seoinss pue sonpold Buusaep pue sepunpoddo 8L JUSLUISBAUL BUY LYIAA "SIOISBAUI MBU A (oM PBAIBISI SEM LJIUM [9POL SSBUISN] € pajeaid
BuiAmuap 3 usjadiuos alow AuedLoD Sy} SPEL SABY UOKRIOGE]00 AISISAILN pue Buipueiq pue 45 Auedwoo ay) pasiseydws sy 1514 "sonsUa0BIEYD UoEADUL| UBISBp
puE suomaLUEl) uoleaouul uBisap ayy ybnoiyy padojansp sawweiboid ay | fuoud ay; dojeasp o) ue|d 216a1e)S € palealo JUBYNSUDD 2y} woul yoddns yum ‘Auedwos ay |

awomn aleneny 196png a1e00||y pue swwelbold sjealn

dojanaq o}
sjuswa|z
s) pue
solisusoeIEYD
uopeaoul|
ubBisaq Amuap|

(abed snoiaaid wod) panunuon) ssadoid uonejuawajdw)| yJomawel 4 uoneaouu| ubisaq

Apunpoddg
uB|qoid

9 Auewos ayj 1o} uoljesI|eIaJaWWod |Nyssasons abeinoosua o) pue sanuold s1bajens (14N} 03 (K246 u1) sonsuajeseyd pajieaq

Z Led - .9 Auedwod, dn-ue)g |eunsualdasug ABojouyos| ¢ olleuads

uonejusws|dw| yJomawel4 uoneaouu] ubise(

359



8l

uaunsanul dsn dojansp
o 20UBLD 8sealou| 0} $80JN0SaI SNO04
aoinespanpoud

an(ea puelq asealou|

ur dsn esiseydw3

(dsn) uomisodoid Bujjjes enbiun

ssaualEmE
puElq ase2ou|

UOISIA
Auedwoo sjeduNWWoD

sanjepuoisip Auedwon

Buipuejsiapun aoinss
f1onpoudypuelq asealou|

SJUBLLSBAUI
Jo s80UBYD aAoidw|

Aypqensap aseaiou]

aysgam BuiBebug

=]
|eucnolwold anoBINY

Bulpuelg jusisisuon

zoinasfonpold asadxa ubisep
filjenb Japeg Ul Jusunsanu|

sousladxa Jasn anoidu)

8jsqaj/sIl

an(ea puelq asealol|  -——

ydetg

abessaw puelq Aaauon

UOREIUNWIWLIOD aAoIdW| =—

fenb sjesunwwog

sopeyisay

uopeAouu| ubisaq Jo s0ay3

SUORYY UopeAouu| ubisag

uonesUNWWOoY Jeaj)

juaunsanu|

Apaneass sbeinoous M soeds Bupjom s|gixs|4

uoljeloge||oo aseaiou) UOREIOCE|0D Jo) 8oedS

JuawuodAug yopn easfyd

juswabebus

Jauloysna asealou|
/ Buueys eapr abeinooug

sjoo)
woud sseaou| i uw_.cm_mwv_ﬁ uonesiin
ulBYD anjeA sjeuueyo
fausiolys ssealdu| sales mau AJjuap
|opoj ssauisng
layleLWl Jo.
1edew mau yojdx3 i wEwEm:MEE_ ww:co_‘_n_
JesIEW fyunyoddo
1USIIND pUElSIapUN 193IBW MBU 10} IN00S
puewaq/pasN JoxIel
puEWap/pasy
vA ainyn} jse08I04
8SBQ JBWOISND 8sEBI0U]
pueLap/pesu

uopeAouu) ubjsaq jo syay3

lasn asijioud

puewaq/paaN iesn

SUOROY Uopesouu) ubisag

uoneaynuep| Apunyoddo/we|qoid

uonesijeuosiad saloaug
uoneloge|od |eluaxa
Algelisap soinlas loj papaau seale Ajjuap)
fonpold asesiou|

uoReIoqe||0) |euselxy
uopeaouu| ubisaq jo s}oey3 suopay uopeaouu| ubisag

uoneloge||09 aAISualxXy

2 Auedwo Joj uonesijelolawwo) |njssazang, dojaaap 03 SJUAWS|S S} PUE S21ISLIS}ORIEYD UoBACUUI uBisap pajas|as pue payiuap|

€ Hed - .0 Auedwon, dn-peis jeunauaidanug AbBojouyos] € oueuads

uonejusws|dw| yJomawel4 uoneaouu] ubise(

360



61l

pgr sjijsuag pue sjosy3 ‘suonoy
'solsuajoeIRY ) UoeAOUU| uBisa(

AR wnuoadg uonesouu ubiseqg

s|ieyaQ Jayun
ylomawel 4 uoleaouu| ubiseq

361



0c

Bupyew uoIsid3pP Ul
ausadwonuswanoaul sebeuew dog

Bupjew uoispap ul _H_
susladwonuswaajoaul ssuonpesd ubisag

362

" Bupjuiy] 3ns1oH ‘UolElUNWWeT) poo ‘Buii|os Wa|gold |ejuswiadxg _ (salnqupy
! ‘Yareouddy paijuad-1asn g dyieduwl] ‘uoneiauan eap| aneal) I uBiisaqg)
1 I
L R I I === e e e e e e e - - .- - ---=—- - I === ===
B [&1
fotpgssausna  fomens | MBS | ooy INISIONRLAN || seveduco
‘Bupjuiy) ubisag  aesodioy " e J UBIsag " unoineyag 1950 ‘_ucw,._._. " MeH
1 L
I T
2RO ssaoold ERITNETS wawabebul [ wianshs FDUBLLIOMSY
oigd GRS P (=-=--- ‘pueig Aswoisny . 12Npold 12npold (anoidwi o1 )
L [RUUEYS I usyp AU
——————GorERbGT
uoijeinbyuo) . @usliadxg 2 Bullsjo
KBajens,/uolsip Auedwory _.wvos_ ssaulsng Buiuonisod , ssadoig aouapadx] Jasn 12NPoId 'UoIIIUN W0
‘Aaljod ubBisag ‘aimyny Auedwon 1ye ' (uBisaq) ‘puelg ‘@d|nas ‘Kjquiassy/Buunyoeynueyy | | o) Buubisaa)
[ 1EUA
(A 9dALj UoheAouu] UsppiH UOHEAGUU| [EUORIPEIL
o3 1abeueyy Joluas Jzauwbug saubisag Bunssulbul

(Jae uoisaq

ao1zang “abeuepy ublsag Jaufisaq |euolssajold P
TSpes/uciduieys ubisag TsuonIpElg ublsaq U
[eAa [euonesiuebig [2na7 21633805 |2A27 (Jeuonesad) sa1uAnDY :a:c”“ﬂ%ﬁ

= |19

s 5 5 |8

=) o |l g |2
r W, = = | I~
s || & g5 2|Bz°
w I3 (=] wn &lls
| 8|3 28 % (282

eS8z & o |S&

5 ||a = F o W s |z 232
& o = il o = (| B I=8fz
[ & el o =3 | = | =]
=] e || 3 @ [ m =N L]
= ° =] @ 3 S quo
SN N R BN R X
@ = ) = o S (B8
e 5| E Sz (IR Sl=z
3 | § 2 N R T E
= & =] [ o m. =

= 3 — o

w (=] Lot = 5

2 -+ =Gy

UOnEAOUU| uongeAcul|
|euonesiuebip ssa00ld

[ans|-a1e10dio)

uoeIogeiog [ewax3

(Buidfyojoid) Bunsal Ajigisesd

puBWa/pasN 18HIEN

wnJoadg uoneAouu| ubisa(

puelua/pasp Jasn
fngesnyuonoun
sojaujsey
uBiseq [ealuyoal

ajsga)\/saiyders
wswaacsdw) Henp

uoneAoul|
aslaagnonpold

solsusioeIEYD
uoREACUU|
ubiseq

wrupads
ueneAcuU|
uBisag




¥4

g Xipuaddy aas ases|d
‘(19po0g 2y Jo L z-8| abed) uoisian B}ag 9y} Se aWes ale S)auag Pue Sjoayg 'suonoy SolsualoBIBYD UoleAouu| ubisaq

‘310N

sjjeuag pue sjosy3 ‘Suoljoy :solsusloeleyd uoneaouu| ubiseq

363



	APPENDIX A: Questions for Exploratory Interviews
	APPENDIX B: Questions for Questionnaire Survey
	A survey on UK innovative manufacturing firms and the influence of design
	General information about you
	1. The Company
	1.1 What sector is your company in? (Please provide SIC code)
	1.2 Approximately how many people are working in your company?
	1.3 How long has the company been in business?
	1.4 What do you consider to be the key strength(s) of your company?
	1.5 Where is the major market for your company? (Choose more than one, if applicable)
	1.6 What is your main business type?
	2. Innovative Manufacturing
	2.1 How significant do you think innovative manufacturing is in giving a competitive advantage for your company?
	2.2 Where do you think innovative manufacturing can be most effective?

