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ABSTRACT
Industry technology roadmap (ITRM) is designed to match the current and
potential market demands with specific technological solutions for the
development of a specific industry. Industry technology roadmapping has been
widely applied in various industries including textile, semiconductive energy,
and

electronic

device

industries.

Various

approaches

for

technology

roadmapping have been established based on theories and experiences, but
limited research was available to assess ITRMs. To fill the research gap, this
study aims to develop systematic and comprehensive methods to assess ITRMs
in terms of internal quality and external performance, particularly for the textile
industries in different parts of the world. All of the following six objectives were
successfully achieved.
(1) An internal assessment model with theoretical framework and detailed
measurements was created to systematically assess the internal content quality
of an ITRM with quantitative methods.
(2) An external assessment model was established to assess the actual
performances based on the real data statistics in terms of the conformance of
the actual trends of industrial development within the target period with the
original predictions from the ITRM.
(3) The newly developed internal assessment model was successfully
applied to four textile industry technology roadmaps in different countries.
Detailed measuring methods and steps were demonstrated. The same four
roadmaps were successfully evaluated using the newly developed external
iv

assessment model on the basis of actual industrial statistics of their first five
years compared with the corresponding predictions in the ITRMs, in terms of
their conformance levels.
(4) The relationships between internal quality and external performance of
the same four ITRMs were investigated using the collected data. The internal
and external assessment models were integrated to a system for ITRM
assessment on both the contents and performance. The system provides a
possibility to predict ITRM’s external performances by internal quality
assessment.
(5) The success factors of an effective ITRM, especially for the textile
industry, were determined on the basis of assessments and relationships
between internal quality and external performance of the four ITRMs.
(6) The development process of an under-developed UK advanced textile
ITRM was assessed using the internal assessment model. The author, as a
practitioner in that ITRM development team, has made new suggestions and
developed an integrated ITRM for the UK textile industry.
This research opens a new chapter in the quantitative assessment of
technology roadmaps with a strong theoretical foundation. The future users can
apply the proposed models to assess the ITRM’s internal quality before
application and its external performance after a period of application. For the
corporate level, the users may follow the rules and develop corresponding
models to systematically assess the corporate technology roadmaps. This
research provides practitioners with feasible recommendations for effective
technology roadmapping generated from actual case analysis.
v
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Chapter 1 Introduction

Industry technology roadmap (ITRM) is a plan that helps to match current
and potential market demands with specific technology solutions for the
development of a specific industry. Industry technology roadmapping has been
widely used in various industries, including the textile, semiconductive, energy,
and electronic device industries. Various approaches for technology roadmapping
have been established based on theories and experiences, but limited academic
research has been conducted to assess ITRMs. This thesis mainly focuses on the
assessment of an ITRM in terms of internal quality and external performance. A
brief introduction is presented in the following sections, including the research
background, research significance, objectives, research approach, and thesis
outline.

1.1 Background
Technology roadmap is a strategic planning tool adopted by various
organizations, including corporates, industrial associations, institutions, and the
government (Kostoff & Schaller, 2001; Laat & Mckibbin, 2003), for predicting
the direction of market demands and technology development to facilitate
decision making in the medium to long term (Amer & Daim, 2010). This
planning tool maps the evolution and development routine of an investigated
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system, and it shows the visualized linkages between strategic planning and
target development (Phaal et al., 2011). Previous research (Amer & Daim, 2010;
Caetano & Amaral, 2011; Carvalho et al., 2013; Galvin, 1998; Jeffrey et al.,
2013; Kostoff & Schaller, 2001; Yoon et al., 2008) reported three levels of
technology roadmaps: corporate, industry, and policy. This study focuses mainly
on the textile industry technology roadmap (ITRM) using visualized strategic
planning tool.

As a relatively new methodology of science and technology management,
technology roadmapping has its limitations. With the lack of guidelines, focus,
and clear boundaries, evaluating the value of technology roadmap and
customizing it is difficult (Carvalho et al., 2013). Evaluation of technology
roadmaps is urgently needed considering its further widespread application.
Various techniques and approaches to roadmapping exist (Garcia, 1997; Lee et
al., 2007; Phaal et al., 2001c, 2004), but roadmaps are yet to be evaluated well
(Carvalho et al., 2013; Vatananan & Gerdsri, 2012). A small number of scholars
assessed the success of corporate-level technology roadmaps, and in most of
these studies, the outcome was decided by the users’ perception and attitude
(Farrukh et al., 2003; Gerdsri et al., 2009; Lee et al., 2012). Recently, a few
studies have initiated new assessment perspectives, such as roadmapping process
(Gerdsri & Assakul, 2007; Phaal & Muller, 2009), roadmap achievements
(Jeffrey et al., 2013), and structuring contents (Gerdsri et al., 2009; Kajikawa et
2

al., 2008). Research on the assessment of internal quality and external
performance of an ITRM remains limited.

According to background research, the knowledge gap in the body of
literature is a lack of theoretical foundation and practical methods to
systematically assess technology roadmaps in terms of content quality and
effectiveness.

1.2 Significance
The main task of an effective ITRM is to analyze the current status of the
investigated industry and forecast development trends for minimizing the gaps
between the market demands and technology development. To systematically
assess an ITRM’s contents and effectiveness, its value before and after adoption
must be evaluated, and practical guidelines for future ITRMs must be provided.

Internal and external assessment models, including theoretical frameworks
and assessment methods, are developed to systematically assess the internal
content quality and external actual performance of ITRM. The proposed
assessment models are applied to four global textile ITRMs, and relevant success
factors are generated based on the assessment results.

This research opens a new chapter in the quantitative assessment of
technology roadmaps with a theoretical foundation. Users can apply the proposed
models to assess an ITRM’s internal quality before application and its external
3

performance after a period of utilization. For the corporate level, users may
follow the rules and develop corresponding models to systematically assess
corporate technology roadmaps. This research also provides practitioners with
feasible recommendations for effective technology roadmapping generated from
actual case analysis.

1.3 Objectives
To fill the knowledge gaps stated in Section 2.6, the six following research
objectives are developed:

O1: Establish an assessment model to evaluate the internal content quality of
ITRMs with quantitative methods.

O2: Establish an assessment model to evaluate the external performance of
ITRMs with quantitative methods.

O3: Evaluate four global textile ITRMs to investigate the feasibility of the
newly-proposed internal and external assessment models.

O4: Investigate the relationships between internal quality and external
performance.

O5: Determine success factors of an effective ITRM, especially for the textile
industry.
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O6: Assess and refine the technology roadmap for the UK advanced textile
industry with the proposed assessment methods.

1.4 Research approach
To achieve the research objectives, this study applies various methods and
processes correspondingly in each step. First, an internal assessment model,
including a theoretical framework and detailed measurement, is created to
systematically assess the internal content quality of an ITRM. This model is
adopted to assess the internal qualities of four global textiles ITRMs, with the
content analysis method and quantitative analysis approach. Second, an external
assessment model is established to assess the actual performance of an ITRM by
examining the conformance between the ITRM predictions and actual industrial
development trends in the targeted period. The ITRMs for internal assessment
are also evaluated based on their external performance through data collection,
conformance investigation, and quantitative analysis. Third, the relationship
between the internal quality and external performance is also investigated using
correlation analysis and scatter diagrams. Fourth, the success factors of an
effective ITRM, tailored for the textile industry, are determined based on the
internal and external assessments of the four textile ITRMs and the relationships
between internal quality and external performance. Finally, an action research on
technology roadmapping in the advanced textile industry in the UK is
summarized with the proposed success factors and assessed with the proposed
5

model as a practical application. A detailed explanation of the research approach
is presented in Chapters 3 to 6.

1.5 Thesis outline
This thesis is composed of seven chapters. The introduction is presented in
Chapter 1, followed by a detailed literature review in Chapter 2 that reviews
existing studies on industry technology roadmap and roadmap assessment and
addresses the knowledge gaps to be filled. The internal assessment model is
introduced in Chapter 3, from its theoretical foundation to specific measuring
methods, and an application of the model is illustrated to assess four global
textile ITRMs. The external assessment model, along with theoretical
framework, detailed measuring methods, and its application to the four textile
ITRMs, is presented in Chapter 4. Based on the assessment results of the four
ITRMs, the relationship between internal and external assessments is
investigated in Chapter 5. The summary and internal quality assessment of
technology roadmapping in the advanced textile industry in the UK is presented
in Chapters 6. The conclusion is stated in Chapter 7. A flowchart of this thesis is
summarized in Fig. 1.1.

6

Fig. 1.1 Flowchart of thesis
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Chapter 2 Literature Review

Since Motorola’s technology roadmapping was first developed in 1987,
technology roadmapping has evolved as a scientific methodology for strategic
planning and technology management (Willyard, 1987). Thereafter, a growing
number of articles about method developments and practical applications of
technology roadmapping have been published (Allan et al., 2002; EIRMA, 1997;
Galvin, 1998; Kostoff & Schaller, 2001). With the wide spread of technology
roadmapping within various organizations in different areas, the assessment
methods for technology roadmaps have been addressed as one of the key
research gaps in the literature (Carvalho et al., 2013; Vatananan & Gerdsri,
2012). To better provide a comprehensive background for the present research, a
review of technology roadmapping methodology and applications are provided in
the following sections.
The review begins with various descriptions and categories of technology
roadmapping, followed by the methodologies and applications of technology
roadmaps for corporates, industries, and policymaking. The assessments of
technology roadmaps in the global textile industry and success factors are also
reviewed.

2.1 Descriptions of technology roadmap
Technology roadmap has been gaining recognition from the industries,
academia, and governments, and various experts offered different descriptions of
this planning tool. A roadmap refers to the extended look at the future of a
8

chosen field of inquiry composed from the collective knowledge and imagination
of the brightest drivers of change in that field. Roadmaps communicate visions,
attract resources from business and government, stimulate investigations, and
monitor progress (Galvin, 1998). Science and technology roadmap is a visualized
and persuasive picture of future science and technology landscape for decision
making (Kostoff & Schaller, 2001). The crucial features of roadmaps are related
to visualization and communication regardless of how a “roadmap” is defined
(Yoon et al., 2008). A roadmap is a communication and planning tool to predict
the direction of market demands and technology development and conduct
medium- and long-term decision making (Amer & Daim, 2010).
The description by Amer and Daim is more appropriate in the present
research. “Technology roadmap” in this research refers to a visualized strategic
planning and industrial chain communication tool to forecast the industrial trends
from market and technology dimensions and make decisions for development in
the next ten to twenty years so as to match the market demands with the
technology and innovation advancement.
Technology roadmapping is used to describe the creation of a technology
roadmap. Technology roadmapping is the contextual process for roadmap
development, communication, revision, and update (Li & Kameoka, 2003). This
process is a technique for technology management; strategic planning and
relationship exploitation; and communication between technological resources,
organizational objectives, and dynamic environment (Phaal et al., 2004).

2.2 Categories of technology roadmaps
Technology roadmap is a planning and communication tool to map the future
9

directions for the industry, academia, and government. The following categories
of technology roadmaps have been proposed in various versions:
a)

Roadmaps are classified into four types, including science and

technology, industry technology, corporate or product-technology, and
product/portfolio management roadmaps (Kostoff & Schaller, 2001).
b)

Technology roadmap approach features three levels: firm,

industry, and policy levels (Costa et al., 2005; Phaal, 2010).
c)

Based on the characteristics of the organizational processes,

technology roadmaps are divided into multi-organization and singleorganization roadmaps (Jeffrey et al., 2013).
d)

Technology roadmaps can either be a market-pull or

technology-push type (Caetano & Amaral, 2011; Lee et al., 2009a;
Probert et al., 2000).

2.3 Methodology and application of technology roadmap
In this chapter, the methods of technology roadmaps are reviewed at three
levels: corporate, industry, and policy levels. This research focuses on industrial
roadmaps.

2.3.1 Corporate-level technology roadmap
Technology roadmap is one of the most popular strategic planning and
communication visualized tool at the corporate level (Albright & Kappel, 2003;
Panapanaan et al., 2003; Phaal et al., 2013). The following subsections present
the applications and practices of three main models that contributed greatly to the
10

development of technology roadmaps for corporates.

2.3.1.1 EIRMA model of delivering business vision
In 1997, the European Industrial Research Management Association
(EIRMA) proposed a concentrated framework for technology roadmap (EIRMA,
1997), which has been widely considered as the fundamental model for later
development. Fig. 2.1 shows that EIRMA depicted three layers of technology
roadmapping. Based on the timeline, specific technology, skills, competencies,
and resources are prepared (bottom layer) for developing the new products,
service, capability, and systems (middle layer), which cater for the business or
market (top layer).

Fig. 2.1 Technology roadmapping framework by EIRMA (EIRMA, 1997)

This

framework

clearly

illustrates

the

development

flow

from

technology/skill to product/system to the market, and these layers are adopted as
the key attributes for assessing the technology roadmaps in this thesis. However,
the framework lacks the relationship between technology and market. The power
of market forces toward the development of product and technology must be
11

evaluated.

2.3.1.2 Probert and Shehabuddeen model for new technology change
Technology roadmap is also described as a key management tool in
formulating the link between technological resources and exploiting market
opportunities (Probert & Shehabuddeen, 1999). After developing and
implementing technology roadmaps in three companies in the fields of aerospace
components, steelmaking, and electronics, Probert and Shehabuddeen (1999)
proposed a generic framework for mapping technology change for corporates
that focused on the manufacturing process.
During strategic technology planning (see Fig. 2.2), the first step is to
analyze the market information and identify the technology available. The second
step is to make product-market analysis and technology assessment. The final
step is to generate product-technology option evaluation for creating roadmaps.

Fig. 2.2 Flowchart of strategic technology planning (Probert & Shehabuddeen,
1999)
12

This strategic technology planning indicates two important elements for
roadmap creation, namely, market information and available/feasible technology.
These elements are applied to this study in building the models for roadmap
assessment. However, the relationship among the market, technology, economic
status, societal challenges, resource allocation, and other environmental factors
must be examined.

2.3.1.3 T-Plan model
Fig. 2.3 shows that another technology management framework highlights
communications between commercial and technological functions in the business
to support effective technology management (Phaal et al., 2001b). Technology
management includes five main steps: identification, selection, acquisition,
exploitation, and protection. This framework shows a working system for
technology roadmapping, including interrelationships between commercial and
technological perspectives, technology-based development, and

external

environment. The framework is also adopted as a fundamental support for the
roadmap assessment in this study.
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Fig. 2.3 Technology management framework (Probert et al., 2000)

Based on the actual experiences of firms in several sectors, a fast-start
technology roadmapping (i.e., “T-Plan”) for product planning was introduced
(Phaal et al., 2001a). The T-Plan includes two main parts—the standard and
customized approaches.
The standard approach is elaborated by Rip and Kemp (1998), as shown in
Fig. 2.4. Following the time axis, the standard approach consists of four steps
from market, product, and technology assessment to synthetic roadmapping. This
flowchart is often applied to the market-pull product development.
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Fig. 2.4 T-Plan: Standard approach to roadmapping (Rip & Kemp, 1998)

To provide a specific roadmap for a target firm, a customized process should
be conducted on the basis of general information gained in the previous standard
process. The T-Plan proposes both standard and customized approaches for
technology roadmapping with a list of methods and provides important
guidelines for later roadmap development in different levels. However, the plan
does not clarify how to organize the contents of roadmap for linking technology
resources to future market opportunities in the roadmapping workshop.

2.3.1.4 Corporate-level applications of technology roadmap
Technology roadmaps have been widely used in the corporate level.
According to a survey conducted in 1999, ten percent of the medium- or largescale manufacturing companies in the UK adopted roadmapping for strategic
development, and most of the roadmaps were market driven (Phaal et al., 2001a).
A large number of case studies and action research on technology roadmap
applications in firms have been conducted in different regions or countries.
Listed below are examples.
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a)

Motorola’s technology roadmap was recognized as the most

famous case at the corporate level because it successfully attracted
attention on the benefits of technology roadmaps. The entire process,
from objectives, methodologies, roadmapping, and implementation, was
systematically reported (Willyard, 1987).
b)

Lucent Technologies, as one of the few companies who

adopted technology roadmap in the early period, reported its experience
on deploying roadmaps across the corporation for several years in 2003
(Albright & Kappel, 2003).
c)

Groenveld (2007) created another famous corporate product-

technology roadmap in Philips Electronics, introducing how he
determined

technical

product

functions

in

terms

of

customer

requirements and research and development projects to build necessary
techniques for product creation.
d)

Robinson et al. (2006) published a knowledge management

maturity roadmap (STEPS) for corporate sustainability and conducted a
large-scale survey in the construction industry in the UK. An in-depth
study on eight selected firms was carried out from management to
implementation on the basis of STEPS.
e)

Gerdsri et al. (2009) discussed the dynamics of technology

roadmap implementation and reported a case study on SCG Building
Materials Co., Ltd in Thailand from initiation and development to
integration stages.
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f)

Caetano and Amaral (2011) introduced a method of

technology push (MTP) for technology roadmapping and applied it to an
action research in a Brazilian corporate with an integrated strategy of
technology push and partnership in open innovation environments.
g)

Geum et al. (2011) focused on product-service integration

technology roadmapping and conducted a case study on U-Healthcare
with technology as an indirect enabler in Korea.
h)

A research team in Russia proposed integrated roadmaps and

corporate foresight as tools of innovation management and applied these
tools to a number of big Russian companies in energy and transportation
sectors from 2008 to 2013 (Vishnevskiy et al., 2015).

2.3.2 Industry-level technology roadmap
Technology roadmaps have also been adopted for industrial strategic
management since the early 1990s (Galvin, 1998; Nimmo, 2013). Technology
roadmapping across industry sectors has been recognized as beneficial for
collaboration, information exchange, network establishment, and fund usage
(Laat & Mckibbin, 2003). In the following subsections, three main models of
technology roadmaps for industries are introduced.

2.3.2.1 ITRS model
International Technology Roadmap for Semiconductors (ITRS) has been
recognized as the earliest and most influential roadmapping model at the
industrial level since the Semiconductor Industry Association (SIA) of the US
published a document in 1992 (Semiconductor-Industry-Association, 1992). The
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idea of a technology roadmap for semiconductor industry was proposed by
Moore, Chairman of the SIA Technology Committee. The first report released a
roadmap for a 15-year period (from 1992 to 2007) with 11 individual technology
roadmaps, which addressed leading-edge and mainstream technology for
integrated circuits (Garcia, 1997). This was the embryonic form of a technology
roadmap for the industry. Fig. 2.5 depicts the SIA technology roadmap
workshop.

Fig. 2.5 SIA technology roadmap workshop (Garcia, 1997)

In 1998, the development of technology roadmaps for semiconductors
became an internationally collaborative activity held by a group of participants,
including SIA and corresponding affiliations of the US, Europe, Japan, Korea,
and Taiwan, and then later established ITRS (Arden, 2002b). Based on the
international semiconductor industry development, the technical scope for ITRS
was drawn (see Fig. 2.6), which was the first time that a technology roadmap
18

defined the technical scope in detail from the literature. To better apply
semiconductors to different areas, technology roadmapping approach for
applications, architectures, and integrated circuits were also developed, as
illustrated in Fig. 2.7. According to different application areas, technology
roadmaps made adapted envisions on technologies and parts. Doing so provided
clear routines for technology development and future management with specific
purposes.

Fig. 2.6 Technical scope of the ITRS with International Technical Working Groups
(ITWGs) and International Roadmap Committee (IRC) (Arden, 2002b)
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Fig. 2.7 Mapping approach (Arden, 2006)

Another feature that made ITRS different from previous technology
roadmapping methods was that it predicted and visualized industrial technology
barriers for semiconductor research and development. Fig. 2.8 presents a vivid
sample.

Fig. 2.8 “Red Brick Wall’’ of key challenges in future silicon technology outlined by
ITRS (Arden, 2002a)
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ITRS contributed greatly to the development of ITRM. However, it had a
limitation, that is, resource monopoly. The organization that founded ITRS was a
consortium of five affiliated associations in top-developed regions, thus
maintaining high-level competitiveness in the semiconductor industry.

2.3.2.2 Korean TechStrategy model
Many scholars and their research teams in Korea started studies on
technology roadmap in this decade. They published a series of research
techniques for roadmapping and applications for the industry. At the early stage,
(Lee et al., 2007) proposed a systematic process and detailed procedures to build
an ITRM with an application to Korean part and material industry (Lee et al.,
2007). Fig. 2.9 illustrates the overall framework of TechStrategy for R&D sector.
This roadmapping technique focused mainly on how to meet operational
requirements for R&D project actualization, dealing with technology needs and
filling gaps. The concepts of a R&D project were first highlighted and
distinguished with integrated technology roadmap for the overall industry,
providing important literature support for later research. However, relationship
between market and technology was missing, and technology was emphasized
and isolated from market forces.
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Fig. 2.9 Overall framework of TechStrategy (Lee et al., 2007)

In addition, patent analysis was recommended for technology-driven
roadmapping. Despite missing specific statement of application levels (corporate
or industry), it could also be applied in ITRM because patent search usually
represents the status of an industry rather than a single corporate. As shown in
Fig. 2.10, a technology-driven roadmapping process was proposed, linking
technology through factual data of “existing and to-be-developed technology
assets” (Lee et al., 2009a). Other studies also mentioned patent analysis for
market-driven roadmapping (Lee et al., 2007; Lee et al., 2008; Phaal & Robert,
2013). The strength of this technique lies in collecting factual information to
illustrate the technological capacity of an industry for roadmapping.
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Fig. 2.10 Technology-driven roadmapping (Lee et al., 2009a)

2.3.2.3 Industrial-chain-based technology roadmap
Majority of ITRMs were developed on the basis of models created for
corporate level. Presently, only a few studies focused on the development of
customized models for ITRMs. Introduced from a funded project of the
technology and science department of the local government in Guangdong
Province in China, members of the team working on the current research have
published a series of studies (Li et al., 2010; Xiong et al., 2010; Yao et al., 2010)
on industrial-chain-based roadmaps for industry level.
The development of ITRM, as illustrated in Fig. 2.11, includes preliminary
preparation, deployment, and finalization (Li et al., 2010c). The proposed
methodology is applied in the textile and clothing industry (Hu et al., 2010a,
2010b; Li et al., 2010a; Li et al., 2010b; Li et al., 2013a; Li et al., 2012; Lv et al.,
2010; Wang et al., 2010; Xiong et al., 2010; Yao et al., 2010a; Yao et al., 2010b).
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Initial stage:
Preliminary preparation period

Collect references, data and information from TC
industry

Set up roadmap project team, appoint team
leader, select team members and organize
panel members

Conduct training to people involved
in the project

Complete the preliminary preparation work
(work plan, questionnaires, survey in TC companies)

Finalize the methodologies for developing TC roadmap

Mid-term stage:
Deployment period

Conduct thorough research in enterprises located in key TC
industry area in Guangdong

Organize different topics of forums among expertise:
Forum on market demand analysis
Forum on industry targets analysis
Forum on technology barriers analysis
Forum on research needs analysis

Derive Guangdong TC technology roadmap

Final stage:
Finalizing project

Write up report

Re-assess and fine tune the
technology roadmap

Derive implementation plan

Finalize TC technology roadmap

Fig. 2.11 Roadmap development process (Li et al., 2010c)

To adopt the requirements of the industry, an innovative method of
technology roadmapping was created, providing the integrated blueprint of the
industry with industry chains, products for different markets, and innovation
sectors (Li et al., 2014). The industry chain-based model creates an innovative
platform to boost the industrial communication among different sectors
longitudinally and facilitate collaboration between competitors within the same
sector. The recycling sector was also included in the traditional ITRM for the
first time. However, logical relationships among research areas, industrial chains,
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and specific technologies had not been illustrated. Given the information amount
of an industry, comprehensive technology roadmaps for each sector or research
area could be further elaborated. This industrial-chain-based method is adopted
for roadmap assessment in this study to analyze the relationships among
industrial chains, industrial goals, key technology, and environmental
circumstances.

2.3.2.4 Industry-level applications of technology roadmap
Corporate technology roadmaps were generally initiated by the firms,
whereas ITRMs were often launched by government-funded programs or
industrial planning of public organizations. Listed below are examples:
a)
roadmap

In 1994, the SIA of the US published the first technology
(Semiconductor-Industry-Association,

1992),

before

establishing the consortium ITRS. Afterward, ITRS outlined research
contributions from invited international experts to map the technology
routine on R&D needs for a 15-year period in 2001, and the report was
updated in 2003 (Allan et al., 2002; Edenfeld et al., 2004). Recently,
ITRS released a second collaborative 15-year horizon roadmap to assess
technical challenges and opportunities for the industry to 2028 (Rosso,
2014).
b)

Jennings et al. (1998) published a roadmap of agent research

and development to provide an overview of R&D and their relationships
in and between and highlight future challenges in the field of autonomous
agents and multi-agent systems.
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c)

Industry Canada, a department of the government of Canada,

used technology roadmap to guide their industries for innovative products
and processes to meet the market’s new demands, such as technology
roadmaps in the Canadian textile industry (Industry-Canada, 2008) and
lumber and value-added wood products (Industry-Canada, 2005).
d)

In Korea, technology roadmaps have been widely adopted

over the last decade, in the part and material (Lee et al., 2007), energy,
(Lee et al., 2009b) and electric industries (Lee, 2005).
e)

From 2010 to 2012, a series of technology roadmaps to 2025

in various industries were developed by the Chinese Academy of
Sciences, covering energy, space, marine, advanced manufacturing,
information, public health, agricultural, advanced materials, ecology, and
environment (Chen et al., 2010; Chen, 2010; Guo & Wu, 2010; Li, 2011;
Liu, 2012; Wang, 2012; Xiang, 2010; Zhao, 2010).

2.3.3 Policy-level technology roadmap
Technology roadmap has been adopted not only in corporates and industries
but also in policy management, especially for governments. In the mid-1990s,
technology roadmap was adopted to provide intelligence for policy making in
areas where science and technology play dominant roles (Costa et al., 2005).
Policy-level technology roadmap provides strategic intelligence that
optimizes public technology and innovation inputs (Costa et al., 2005) to fulfill
the expected status of a system is the key subjective, which may involve various
power and resources from the population, society, political parties, and capital. In
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the following subsections, two main models that contributed greatly to the
development of technology roadmaps for policy, as well as representative
applications and practices, are presented.

2.3.3.1 European electronic-government model
To identify and envision important research challenges, technology roadmap
to 2020 has been applied as the characteristic-matched methodology for
governments in Europe. Scholars stated that policy technology roadmaps needed
in-depth considerations of technological developments, corresponding industries,
broad sociocultural and socioeconomic trends, and demand and practitioner
needs (Wimmer et al., 2008).
As shown in Fig. 2.12, a comprehensive technology roadmapping
methodology had been proposed for e-government by the partners of the
consortium. Workshops and online consultations were the main instruments been
used in this model. A sample roadmap of 13 themes for trust in e-government is
illustrated in Fig. 2.13.
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Fig. 2.12 Overall eGovRTD2020 technology roadmapping methodology (Wimmer,
2007)

Fig. 2.13 Roadmap for trust in e-government (Wimmer et al., 2007)
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The overall methodology in Fig. 2.12 shows the organization of workshops,
expert forums, and surveys. The methodology provides guidelines for the later
development of expert panels for roadmapping. The roadmap for trust in egovernment illustrates an example of the policy-making roadmap, but each task
needs further elaboration.

2.3.3.2 Japanese governmental model of innovation policy
After the economic downturn in the 1990s, the Ministry of Economy, Trade,
and Industry of Japan (METI) started to do long-term R&D planning in 2000. To
improve the public understanding of potential markets, technology priority, and
METI’s invested projects and facilitate cross-sector alliances for interdisciplinary
technology

convergences,

METI

published

technology

roadmaps

in

governmental innovation policy. METI created its own characteristic structure in
roadmapping of three layers (see Fig. 2.14).

29

Fig. 2.14 Structure of METI’s strategic technology roadmap (three-layer structure)
(Yasunaga et al., 2009)
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The first layer on the top shows the dissemination scenarios to connect R&D
and other involved policy. The second layer represents the technology mapping
to identify prioritized technologies, and the third layer is the technology roadmap
to specify the time axis and development levels. This unique model tailors
technology roadmapping technique to adopt the characteristics of governmental
policy management and information sharing, which contribute fundamental
literature support to the policy-oriented roadmapping (Yasunaga et al., 2009).
In addition, METI defined three different types of methodologies. For
example, the electronic area was developed by market-pull power and they
would be evaluated by top-down means from the market forecast and product
roadmap to technology roadmap (Yasunaga et al., 2009). The detailed
information is illustrated in Fig. 2.15. The social-needs-driven roadmaps were
first proposed, which would help the government to make strategic intelligence
decisions in specific flows based on the characteristics of the planned areas.

Fig. 2.15 Three types of roadmapping methodologies (Yasunaga et al., 2009)
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2.3.3.3 Policy applications of technology roadmap
Technology roadmaps have been adopted to provide intelligence for policy
making for more than two decades (Costa et al., 2005). The European Union
(EU) has become the most active user of technology roadmaps for organizing
resources in different nations to achieve better visions of united development.
Using technology roadmapping, EU identified a large number of research
themes, including trust in e-government, semantic and cultural interoperability of
public services, information quality, assessed value of government ICT
investments, participation, citizen engagement and democratic processes,
mission-oriented goals, and performance management (Wimmer et al., 2008).
The Ministry of Economy, Trade and Industry of Japan developed more than
20 technology roadmaps, such as semiconductors, storage and solid-state
memories, computers, networks, medicine, cancer cures, CO2 fixation and
utilization, countermeasures to chlorofluorocarbon emissions that damage the
ozone layer, chemical product management and countermeasures for toxic
chemicals, reduce, reuse, and recycle, and energy (Yasunaga et al., 2009).
Costa et al. (2005) examined science and technology roadmapping for policy
intelligence from scope, objectives, and processes to implementation, in which
they introduced technology roadmap applications in healthcare and information
and communication technologies.
Daim and Oliver (2008) implemented technology roadmap for a government
agency in energy service sector and created a set of roadmapping processes for
energy service policy making.
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2.4 Industry technology roadmap for textiles
The UK government funded research projects to identify and address the
sustainability impacts of the products, services, and materials consumed in the
UK from 2001 (Department for Environment, Food & Rural Affairs, 2013).
Defra conducted 10 technology roadmaps, including “The environmental and
social impacts across the life cycle of clothing” (Madsen, 2007). To maintain its
competitiveness in the global markets, the Canadian textile industry established a
TRM Steering Committee with industrial and organizational representatives and
Advisory Committee to create a technology roadmap to determine its future
positioning, in which technical textile and other value-added textiles had been
targeted (Industry-Canada, 2008). In China, cooperative project “Industry
technology roadmap for textile and clothing industry in Guangdong Province”
was conducted by a joint group of experts from academia, industry, and
government, in which roadmaps in 10 areas were developed (Li & Xiong,
2010b). Kim (2009a) developed an ITRM for the flushable pre-moistened
nonwoven wipes industry, as an academic thesis, to provide an in-depth study on
governmental investments on research, development, and manufacturing.

2.5 Assessment of technology roadmaps
One of the issues left unaddressed in the literature is the lack of assessment
methods for technology roadmaps (Carvalho et al., 2013; Vatananan & Gerdsri,
2012). A small but growing body of literature has assessed the success of
roadmaps for companies and industries.
Phaal et al. (2001) proposed fast-start technology roadmapping and applied it
to 10 selected companies. To assess the effectiveness of each case and make
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improvements to the processes, Phaal et al. assessed the usefulness, functionality,
and usability of the roadmap through the ratings of company users. Ten success
factors and corresponding barriers were then identified (Farrukh et al., 2003;
Phaal et al., 2001b). Fig. 2.16 illustrates the results summarized by Jeffrey et al.
(2013).
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Fig. 2.16 Roadmapping success factors and barriers to success (Jeffrey et al., 2013)
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The top five success factors include (1) stating clear business need, (2)
getting commitment from senior management, (3) involving right people or
functions, (4) desiring to develop effective business processes, and (5) company
culture and politics supporting participation or progress and timing of initiative
being appropriate. The most concerned barriers to success are lacking required
data, information, or knowledge and initiative overload or distraction from shortterm tasks.
This study is commonly regarded as the first formal assessment of the
success of roadmaps. The main limitation, however, is the yet-developed
theoretical foundation or application scopes.
Gerdsri et al. (2009) proposed the stage of technology roadmap
implementation and indicated measures for the success of a corporate-level
roadmap in different stages. For the initiation stage, acceptance by key
stakeholders and development of customized process were listed. The quality of
content presented in a roadmap and knowledge sharing among different groups
of participants were selected as key measures in the development stage, followed
by the integration stage of linkage between a roadmap and corporate strategic
plan and continuation of the TRM (technology roadmap) implementation. The
details are presented in Fig. 2.17. Gerdsri et al. also concluded that the “critical
components to the success of TRM implementation are people, processes and
data” (Gerdsri, 2007b), and right people and resources aligned with the process
should be well planned (Gerdsri & Assakul, 2007). However, specific assessment
methods of those measures have not been discussed further.
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Fig. 2.17 Objective and measures for success in stages of TRM implementation
(Gerdsri et al., 2009)

Success factors were also mentioned in the work of policy-oriented
technology roadmapping. (Costa et al., 2005) identified five success factors,
namely, prioritization, inclusion of human factors, transparency, reliability, and
user-friendliness of the outputs.
Lee et al. (2012) conducted a research to elaborate a theoretical foundation to
identify core factors for a roadmap and how these factors affect the technology
roadmap’s credibility judged by roadmap users. Based on Berlo’s communication
model of Source, Message, Channel, and Receiver, Lee et al. (2012) proposed
five hypotheses, as shown in Fig. 2.18.
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Fig. 2.18 Proposed hypotheses (Lee et al., 2012)

The results showed that higher perceived technology roadmap credibility
resulted in higher level of roadmap utilization, and the credibility would be
higher if the roadmapping members’ willingness to reduce uncertainty was
higher (Lee et al., 2012). This was a pilot study on technology roadmapping
assessment and classic communication method and provided useful guidelines
for future communication skills in the technology roadmap project. However, it
mainly focused on communication attitudes and styles of the roadmapping team
and the roadmap users.
Jeffery and his research team (2013) proposed the nine-metric assessment
criteria for technology roadmap, as shown in Table 2.1. The first five metrics
were based on the previous work on traditional success factors, and metrics six to
nine aimed to evaluate the success level of a technology roadmap by assessing
whether its objectives had been achieved. These metrics were developed to
assess multi-organization technology roadmaps for the industry. With the
assessment method proposed, four industry-level technology roadmaps in marine
energy and wind energy were scored from 1 (low) to 10 (high).
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Table 2.1 Nine metrics to assess the success of multi-organization TRM (Jeffrey et al., 2013)
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According to the analysis results of the four roadmaps, the research team
concluded and recommended guidelines for implementing a successful roadmap:
(1) having the right people/author in places, (2) targeting audience involved as a
key stakeholder in the roadmap’s development, (3) keeping the roadmap “alive”
by regularly reviewing and updating it and using it as an open line of
communication with the target audience, (4) determining an even target audience
and effectively addressing them, (5) defining clear, defined goals and prioritized
objectives to avoid doing too much, (6) ensuring effective layout and structure
and efficient use of visual graphs and charts, (7) focusing on clarity and use of
concise language, and (8) choosing a robust method for developing the roadmap
(Jeffrey et al., 2013).
Both the content architectures and implementation results were assessed by
the authors. This work can be considered as one of the first practices of ITRM
assessment; however, theoretical support for the metrics and a scientific method
for assessment were lacking. The data of actual results presented in this study
were generated from subjective judgments instead of factual data derived from
objective numbers.

2.6 Research gap
Technology roadmaps have been regarded as ample resources for strategic
planning and communication technique by the corporates, industries and policy
makers. Research on the assessment of technology roadmap is urgently needed
(Carvalho et al., 2013).
According to the review in Section 2.5, the existing technology roadmaps are
generally assessed in terms of the process or approach of roadmapping (Lee et
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al., 2012; Phaal & Muller, 2009), the stakeholder’s comments (Gerdsri et al.,
2009; Phaal et al., 2001b), the actual impacts on the target areas (Jeffrey et al.,
2013), and the contents (Gerdsri et al., 2009; Kajikawa et al., 2008).
In conclusion, the major research gaps in the literature discussed so far
include the following:
(1) Lack of theoretical foundation and systematic method for the internal
content quality assessment of ITRMs
(2) Lack of theoretical foundation and systematic method for the external
performance assessment of ITRMs
(3) Little work other than user satisfaction survey to assess the internal
quality and the external performance of any roadmap
(4) Limited research on the relationship between internal quality and
external performance
(5) Limited research on the success factors of an ITRM, especially for
the textile industry
(6) Lack of practical experiences to develop or refine an ITRM in terms
of assessment results
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Chapter 3 Internal Assessment Model and Analysis

ITRMs have been widely used in the textile, semi-conductive, energy, and
advanced materials industries (Arden, 2006; Lee et al., 2009b; Li & Xiong,
2010b; Lu, 2010). Thus far, various techniques and approaches have been used
for roadmapping (Garcia, 1997; Lee et al., 2007; Phaal et al., 2001c, 2004), but
roadmaps are yet to be well evaluated (Carvalho et al., 2013; Vatananan &
Gerdsri, 2012). A small number of scholars assessed the success of corporatelevel technology roadmaps, in most of which success was decided by the users’
perception and favorability (Farrukh et al., 2003; Gerdsri et al., 2009; Lee et al.,
2012). Recently, a few studies have initiated new assessment perspectives, such
as roadmapping process (Gerdsri & Assakul, 2007; Phaal & Muller, 2009),
roadmap achievements (Jeffrey et al., 2013) and structuring content (Gerdsri et
al., 2009; Kajikawa et al., 2008).
With content quality as the focus, an assessment model is developed in this
chapter. First, a theoretical framework with a set of attributes for ITRM content
assessment is established. To explore the inner relationships among these
attributes, a knowledge framework of ITRM content is illustrated to simulate the
industrial development environment. Second, content analysis is proposed as the
assessment approach with assessing procedures and measuring rubrics tailored
for ITRMs. By using the results of content analysis, a measurement to quantify
the deficiency, indicating incomplete and incorrect status, of an ITRM’s content
is developed. Finally, four global ITRMs for the textile industry are assessed
with the proposed model. Relevant success factors of an effective ITRM in terms
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of content construction are recommended.
A theoretical framework and a model to assess the quality of an ITRM’s
content have been developed. The Cambridge Dictionary defines “content” as the
ideas that are contained in a piece of writing (Cambridgedictionary, 2017). Our
model is designed to assess the content in an ITRM, including descriptive data,
analysis, inferences, suggestions, and development maps.
Three types of ITRM assessments are used: (1) methodological (process
and approach), (2) externally targeted contexts (stakeholder’s comments and
actual impacts on external target areas), and (3) internal quality of roadmaps
(content). In this study, ITRM assessment is focused on the internal content
quality only. The internal assessment model for the ITRM is based on a
theoretical framework comprising 12 key attributes that cover internal legitimacy
and a knowledge framework of the roadmap content.

3.1 Theoretical Framework
Technology roadmapping is a relatively flexible tool that facilitates strategic
planning for corporates, industries, and even governmental sectors (Phaal et al.,
2004). Roadmapping architectures, processes, and approaches have been widely
studied (Garcia & Bray, 1997; Gerdsri, 2007a; Lee & Park, 2005; Phaal et al.,
2001b; Phaal et al., 2001c, 2004). However, only a few studies focused on
content construction (Gerdsri et al., 2009; Phaal et al., 2001c), and this problem
leads to the lacking assessments of the quality of internal content (Kajikawa et
al., 2008).
Table 3.1 summarizes the key attributes relating to internal content proposed
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in the existing literature surrounding technology roadmaps at corporate and
industrial levels. To standardize the names relevant to the textile industry, a more
accurate name is selected for each attribute shown in Figure 3.1 and 3.2.
Definitions of these attributes are discussed in this section.
Table 3.1 Summary of attributes mentioned in previous research

1

2

3

4

5

Key Attribute

References

Roadmapping

(Gerdsri, 2007a; Gerdsri et al., 2009;

Methods

Kajikawa et al., 2008)

Expert Panels

(Gerdsri, 2007a; Gerdsri et al., 2009;
Kostoff et al., 2004)

Operation/Research

(Gerdsri et al., 2009; Jeffrey et al., 2013;

Team

Kostoff et al., 2004)

Value Creation &
Activity

Demand & Supply

(Phaal et al., 2011; Zeng et al., 2014)

(Li & Xiong, 2010a; Phaal et al., 2011;
Vatananan & Gerdsri, 2012)

Terms in Fig. 3.1 &
3.2

Roadmapping Methods

Expert Panels

Research Team

Value Chain

Supply Chain

(Kajikawa et al., 2008; Phaal et al., 2011;
6

Science & Application

Vatananan & Gerdsri, 2012; Yasunaga et

Innovation Chain

al., 2009)
(Lee & Park, 2005; Li & Xiong, 2010a;
7

Targets or Objectives

Phaal et al., 2001b; Phaal et al., 2005;

Industrial Goals

Phaal et al., 2011; Zeng et al., 2014)

8

9

Key Technology or

(Kajikawa et al., 2008; Kim, 2009b; Li &

R&D Projects to

Xiong, 2010a; Pataki et al., 2011; Phaal et

develop

al., 2011; Zeng et al., 2014)

Social, Economic,

(Industry-Canada, 2008; Kajikawa et al.,

Political, Ecological,

2008; Li & Xiong, 2010a; Madsen, 2007;
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Key Technologies

Macro Environment

Resources, Culture,

Pataki et al., 2011; Phaal et al., 2011)

Lifestyle,
Demographical
Infrastructure
10

Investment,
Regulation, Policy,
Education, Training

(Kajikawa et al., 2008; Li & Xiong,
2010a; Madsen, 2007; Pataki et al., 2011;

Micro Environment

Phaal et al., 2011)

(Groenveld, 1997; Phaal et al., 2003;
11

Market Pull

Probert et al., 2003; Walsh et al., 2005;

Market Forces

Yoon et al., 2008)
(Caetano & Amaral, 2011; Herstatt &
12

Technological Push

Lettl, 2004; Kostoff & Schaller, 2001;

Technology Forces

Phaal et al., 2004; Yoon et al., 2008)

Given that only a few publications indicated the key attributes of the content
construction of ITRM, a theoretical framework is necessary so that the
understanding of relations among different attributes of an ITRM can be
reflected. Based on the renamed key attributes listed in Table 3.1, a theoretical
framework for assessing ITRM internal content has been established (Fig. 3.1).
The assessment covers internal legitimacy and a knowledge framework of the
roadmap content.
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Fig. 3.1 Theoretical framework for internal assessment of ITRM

3.1.1 Internal legitimacy
Internal legitimacy analysis refers to an examination of whether the actions
involved are appropriate and whether they meet the demands of the social system
of norms, values, beliefs, and definitions (Suchman, 1995). The first three
attributes in Table 3.1 (roadmapping methods, expert panels, and research team)
are categorized as the internal legitimacy in this assessment model.
Roadmapping methods can evaluate the credibility of the roadmapping design
and process. Expert panels can affect the precision and timeliness of market and
innovation forecasting. The research team may affect the credibility of data
collection and roadmap writing.
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3.1.2 Knowledge framework of roadmap content
A successful ITRM can provide sufficient and valuable content that help
targeted groups of stakeholders to capture the general industrial landscapes,
opportunities, and threats and to utilize the market and technological forces for
achieving their objectives of future development.
The 12 attributes in Table 3.1 are integrated into a knowledge framework of
an ITRM internal assessment model (see Fig. 3.2). The model simulates the
mechanism for linking the content of an industry technology roadmap within the
context of industrial development. The development of an industry involves a
complicated interaction between the value chain (Attribute 4) and the supply
chain (Attribute 5) driven by the market force; and between the supply chain
(Attribute 5) and the innovation chain (Attribute 6) driven by the technology
force. The industrial goals (Attribute 7) inform the value chain to affect the
innovation chain. The key technologies (Attribute 8) inform the innovation chain
to affect the value chain. The industrial goals are influenced by the macro
environment (Attribute 9), whereas the key technology is influenced by the micro
environment (Attribute 10).
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Fig. 3.2 Knowledge framework of ITRM internal assessment model



Market and technology forces

For the industry roadmaps, the market and technology forces are complicated
and involved in larger contexts. Market forces mean “the aggregate influence of
the buyers and sellers on prices and quantities of goods and services offered in a
market” (Mwachofi & Al-Assaf, 2011). Technology forces are the influences of
technology

developments

on

the

customers,

business,

and

society

(Businessdictionary, 2017). Phaal et al. (2004) stated that the technology force
links market and technology.
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From an industrial perspective, the interaction among the value chain, supply
chain, innovation chain, industrial goals, key technology, macro environment,
and micro environment is a process to strike a balance between the market and
technology forces. An imbalance exists between market and technology forces.
The more well-matched market and technology forces are, the smaller the
deficiency is and the better the industry develops.
A successful ITRM should provide effective information, predictions, and
plans from the perspectives of both market and technology to minimize the
deficiency between the market forces and technology forces within the target
industry. Therefore, the eight attributes (Fig. 3.1) are categorized into two groups
as detailed below.
-

Market forces: value chain (price and benefit influence),

supply chain (influence of goods and service offering), macro environment
(influence of buying power and consuming behavior), and micro environment
(influence of productivity and sales behavior)
-

Technology forces: internal legitimacy (industrial influence of

ITRM methodology and participants), supply chain (influence of technology
for production), innovation chain (influence of technology status), industrial
goals (influence of the strategies of technology development), and key
technologies to develop (influence of the objectives of technology to
develop)
The internal deficiency between these two groups’ content quality is a key
index to assess an ITRM’s quality. To date, the concept of internal deficiency has
originally been established for roadmap assessment. The detailed measurement is
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presented in Section 3.2.2.


Value, supply, and innovation chains

ITRM covers the general landscapes of the target industry with a complete
set of value, supply, and innovation chains at industrial levels that are not limited
to one firm, not only upstream supply or downstream demand, and not only main
technologies adopted or internal activities (Phaal et al., 2011; Zeng et al., 2014).
However, the examples have yet to be fully illustrated in the literature.
Porter (2008) claimed that the value chain has primary activities and
support activities. Primary activities involve inbound logistics for adding value
by processing the product, outbound distribution to the points of sale, marketing,
and sales to brand it and promote it as well as post sales service. The support
functions include the infrastructure, management systems, human resources,
procurement in the required speed, accuracy, and quality. All these multi-linked
functions are in the value system (Kaplinsky & Morris, 2001; Nabyla, 2015). The
value chain involves the value creation and competitions among participants
within the same segment (Horvath, 2001; Porter & Millar, 1985). Maximum
value creation is a common objective for all business units in an industry and
thus an essential attribute in the ITRM.
Supply chain refers to the supply and demand of goods and services across
various segments in the longitudinal relationship between the upstream suppliers
and downstream buyers. Previous studies (Kajikawa et al., 2008; Li & Xiong,
2010a) have defined the generic framework of the content of the supply chain for
ITRM as in Fig. 3.3.
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Fig. 3.3 Framework of industrial supply chain for ITRM content based on
(Kajikawa et al., 2008; Li & Xiong, 2010a)

Innovation chain involves a process (Fig. 3.4) from the new knowledge of
science to technological invention, industrial application, and commercialization;
the process may affect the customer behavior and the market (Ford & Ryan,
1981). Following previous studies on various technology roadmaps (Kajikawa et
al., 2008; Vatananan & Gerdsri, 2012; Yasunaga et al., 2009), the innovation
chain is also included in this study as a technology-driven attribute in the ITRM
assessment model.

Fig. 3.4 General process of industrial innovation chain based on (Kajikawa et al.,
2008; Vatananan & Gerdsri, 2012; Yasunaga et al., 2009)
51

The value, supply, and innovation chains are interrelated. For example, when
an innovation occurs, the new products are developed and supplied at a small
scale. Owing to high demand and low supply, the price increases. Then, the
higher-value product will attract competing producers with greater supply. The
demand will then become stable, thereby lowering the price. Finally, the market
will become mature.


Industrial goals and key technology

As mentioned at the beginning of Section 3.1.2, the industrial goals inform
the value chain and the key technologies inform the innovation chain. Specific
industrial goals are set to provide the products that the market treasures, as well
as develop technologies for the future need (Kostoff & Schaller, 2001; Phaal et
al., 2001b). The industrial goals determine the focus and direction of the industry
development. To realize industrial goals, key technologies are developed to
improve production effectiveness or create potential new products. If the key
technologies match with the industrial goals, then the roadmap can provide
effective routes to balance the market and technological forces.


Macro and micro environment

The industrial goals are affected by the macro environment, whereas the key
technology is influenced by the micro environment. Roadmaps are contextual.
Content in the roadmaps cannot be isolated from multi-interacting social contexts
(Pataki et al., 2011; Phaal et al., 2005). With the concepts of contextual analysis
as basis (Kotler & Keller, 2006), the macro and micro environment are important
to describe the contextual content of an ITRM (Pataki et al., 2011). By
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combining the attributes in Porter’s Five Forces Model (Porter, 2008), the
PESTLE Analysis (Professionalacademy, 2017), and related studies on roadmaps
(Pataki et al., 2011; Phaal et al., 2011), six attributes, namely, (1) economic
factors, (2) societal challenges, (3) environmental protection, (4) resources
provision, (5) political, cultural and lifestyle, and (6) population features, are
considered as the macro environment. Four attributes, namely, (7) infrastructures,
(8) governmental policies and international agreements, (9) capital investment,
and (10) education and training, are considered the micro environment in the
knowledge framework of ITRM internal assessment model (Fig. 3.2).

3.2 Assessment Procedures
In the previous studies (Farrukh et al., 2003; Phaal et al., 2001b; Jeffrey et
al., 2013), the content quality was only assessed by stakeholders or academic
researchers subjectively. In this research, a scientific instrument of content
analysis and rubrics has been developed to quantify the content quality.

3.2.1 Content analysis
Content analysis is a methodological measurement that is applied to texts (or
other meaningful matter) with respect to the contexts of their use (Krippendorff,
2004; Roberts, 1997). Content analysis has been considered a reliable
methodology (Lissack, 1998; Woodrum, 1984) and has been widely adopted in
management research (Duriau et al., 2007; Erdener & Dunn, 1990). This method
is applicable to both qualitative and quantitative data as well as inductive and
deductive analysis (Elo & Kyngäs, 2008). Although the processes are purpose
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oriented and relatively flexible (Duriau et al., 2007; Krippendorff, 2004), the
common feature of the content analysis are that the words of the text (or the
information of other visual forms) are divided into categories (Burnard, 1996;
Weber, 1990). Content analysis generally includes the following steps: (1)
propose research question, (2) select the unit of analysis, (3) select
coding/categorization scheme, (4) perform measurement, (5) check reliability,
and (6) report results (Downe Wamboldt, 1992; Elo & Kyngäs, 2008;
Krippendorff, 2004; Neuendorf, 2016).
Following the steps of content analysis, four experts who hold doctorate
degrees and have published studies in roadmapping are invited to assess the
content of an ITRM. These experts are from academic, industrial, or
governmental departments.
The content is coded based on the 24 sub-attributes (see Fig.3.1), namely, (1)
roadmapping methods, (2) expert panel, (3) research team, (4) value chain, (5)
supply chain, (6) innovation chain, (7) industrial gaps, (8) research areas, (9)
development strategy, (10) key projects, (11) technology barrier, (12) objectives
of technology, (13) current status of technology, (14) key technologies to
develop, (15) economics factor, (16) societal challenges, (17) environmental
protection, (18) resources provision, (19) politics, cultures and lifestyles, (20)
population feature, (21) infrastructures, (22) government policies and
international agreements, (23) capital investment and (24) education and training.
The quality of the coded content is rated by using a 5-point Likert scale (1 means
a lack of relevant information, 3 means relevant information presented, and 5
means relevant information fully presented with critical analysis and solid
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references).

3.2.2 Quality measurement
There is no publication to quantify the overall quality of a roadmap so far.
Based on the recognized definitions by Amer and Daim, the core task for a
technology roadmap is to match the market demands with the technology
advancement (2010), an original method has been developed to quantify whether
this objective is achieved for an ITRM.
The quality of the content of different roadmaps can be presented in terms of
the overall quality score (Qo) and internal deficiency index (DI).
First, the experts’ scores are transferred into ranks. The scores for ITRMs are
collected from the invited experts by content analysis, which is usually in a small
sample size and distribution free. Therefore, the nonparametric test should be
chosen (Frost, 2015). Given that the difference between adjacent scores for each
expert may not necessarily be the same, the ranks used to perform a
nonparametric test are adopted in this research (Sullivan, 2017).
The method of assigning ranks is to order the data of the same investigation
group from smallest to largest. The lowest score is assigned a rank of 1, the next
lowest one a rank of 2, and the largest score is assigned a rank of the total
number of scores. For each sub-attribute in content analysis, the largest score is
16 (4 experts rated each of the four ITRMs, and the total number of scores is 16).
When ties exist for the same sub-attribute, the average rank of the ties is assigned
to each (Frost, 2015; Sullivan, 2017). Using this method, scores of each subattribute for all the four ITRMs rated by different experts are assigned by
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ranking, thereby making their comparisons meaningful.

3.2.2.1 Quality scores
After assigning ranks, the average of each key attribute’s quality score (Qi) is
calculated for the ranks of different sub-attributes (Equation 1).
Qi = ∑ 𝑥𝑛 / m,

(1)

where Qi is the quality score of the ith key attribute (listed in Fig.1), xn is the
rank of each sub-attribute for the ith key attribute, and m is the total number of
corresponding sub-attributes for the ith key attribute.

Given the results of Qi, the quality scores of market-force-related attributes,
technology-force-related attributes, and the overall quality score are calculated
respectively by Equations 2, 3, and 4.

QMF = (Q2 + Q3 + Q7 + Q8) /4,

(2)

where QMF is the quality score of market-force-related attributes, Q2 is the quality
score of the value chain, Q3 is the quality score of the supply chain, Q7 is the
quality score of macro environment analysis, and Q8 is the quality score of micro
environment analysis.

QTF = (Q1 + Q3 + Q4 + Q5 + Q6) /5,

(3)

where QTF is the quality score of technology-force-related attributes, Q1 is the
quality score of internal legitimacy, Q3 is the quality score of the supply chain,
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Q4 is the quality score of innovation chain, Q5 is the quality score of industrial
goals, and Q8 is the quality score of key technology.
QO = ∑ 𝑄𝑖 /8,

(4)

where QO is the overall quality score of an ITRM, and Qi is the quality score of
each key attribute.

3.2.2.2 Internal deficiency index
To compare the quality of the content of the market and technology forces,
internal deficiency (DI) is calculated by the absolute value of the difference
between their quality scores in Equation 5.

DI = | QMF – QTF |

(5)

To assess the deficiency to the quality scores relative to the average, a relative
internal deficiency (RDI) is also calculated (Equation 6).
RDI = DI / [(𝑄𝑀𝐹 + Q 𝑇𝐹 )/2] *100%

(6)

3.3 Assessment of four ITRMs
The developed theoretical framework (Fig. 3.1) and knowledge framework
(Fig. 3.2) are used to assess the internal quality of the content of four textile
ITRMs at an industrial level, as shown in Table 3.2. The roadmap pages of these
four ITRMs are attached in Appendix A. The developers of these four roadmaps
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include academia, industrialists, and government officers. The contents are
analyzed, and the attributes contributed to good content quality are identified.

Table 3.2 Four selected roadmaps for case study analysis

Year

Roadmaps

Origin

Author Type

2007

Mapping of evidence on sustainable

UK

Government

development impacts that occur in the life cycles
of clothing (Madsen, 2007)
Technology roadmap for Canadian textile

2008

Canada

Industry

US

Academia

China

Academia-

industry (Cttgroup, 2008)
2009

Industry technology roadmap for the flushable
pre-moistened nonwoven wipes industry (Kim,
2009a)
Development of Technology Roadmap for

2010

Guangdong Textile and Clothing Industry (Li &

Industry-

Xiong, 2010a)

Government

The following six steps of content analysis (Section 3.2.1) were used in
the assessment of the four roadmaps.
Step 1 – Propose research question
The research question is whether the newly developed ITRM internal
assessment model is feasible to assess the quality of content in four selected
roadmaps?
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Step 2 – Select the unit of analysis
Four global ITRMs for textiles were content analyzed to investigate their
success in content and seek certain attributes that bear a relationship to content
quality. Four selected ITRMs are shown in Table 3.2. All of the four roadmaps
are at the industrial level and are written by authors from academia, industry, and
government.
Step 3 – Develop the coding/categorization scheme
Inductive content analysis is recommended when the knowledge is
fragmented, whereas deductive content analysis is recommended for theory or
model testing (Elo & Kyngäs, 2008; Hsieh & Shannon, 2005; Sandelowski,
1995). For internal assessment of ITRMs, the deductive content analysis was
adopted for the theoretical framework. Categorization scheme for deductive
content analysis includes a categorization matrix and data coding (Elo & Kyngäs,
2008).
Based on the theoretical framework (Fig. 3.1) and the knowledge
framework of ITRM content assessment model (Fig. 3.2), the categorization
matrix of assessment criteria is shown in Table 3.3. No time dimension is given
in these categories, and they can be applied at any time point to meet varied
purposes.
Table 3.3 Categorization matrix for content analysis of ITRMs

Main
criteria

Key
attribute

Sub-attribute

Assessment items

Internal
Legitimacy

1. Internal
Legitimacy

Roadmapping
methods

definitions for ITRM, roadmapping techniques, and
process

59

Expert panel

authority level of expert panel

Research team

authority level of research team

2. Value
Chain

Value chain

price index and value addition for each industrial
segment

3. Supply
Chain

Supply chain

4. Innovation
Chain

Innovation chain

technology innovation capacity and innovation
clusters among industrial segments

Industrial gaps

main gaps for industry development

Research areas

target research areas

Development
strategy

development strategy to achieve industrial goals

Key projects

key projects to develop

Technology
barrier

main technological barriers for the industry

Objectives of
technology

objectives of technologies to develop

Current status of
technology

current status of technologies, such as in mature,
advanced or frontier levels

Key technologies
to develop

key technologies to develop in different terms, i.e.
short, medium, or long term

Economics factor

external economic threats/shocks for the industry
from structure, conduct, and performance

Societal
challenges

social effects that can influence the industry directly,
such as labor force and residential living level

Environmental
protection

impacts on environment and responding solutions for
ecological protection and balance

Resources
provision

supply, demands and distributions of resources of
raw materials, energy, and others

Politics, cultures,
and lifestyles

key political, cultural and lifestyle elements and their
changing trends

Population feature

key structural features and changing trends of human
population

Infrastructures

current status and future demands of infrastructural
facilities and platforms

5. Industrial
Goals

6. Key
Technology
Knowledge
framework
of ITRM
content

7. Macro
Environment

8. Micro
Environment

supply and demand status among industrial segments

existing international agreements and policies in the
nations or regions

Government
policies and
international
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agreements
Capital
investment

structure and trends of capital investments from
governments and industries/regions

Education and
training

status and demands of higher education and
professional training

Each of the four ITRMs is reviewed for content and coded for
correspondence with or exemplification of the identified categories by using the
newly developed categorization matrix and the rules of data coding (Elo &
Kyngäs, 2008; Polit & Beck, 2004). Before formal data coding by the experts, a
pilot study was carried out to ensure that the corresponding or exemplified
content in each ITRM can be coded into the categories. The full content of the
four selected ITRMs and the categorization matrix were then sent to the experts,
with written instructions and follow-up explanation via video calls, for them to
code the relevant content into the corresponding category for each ITRM.
Step 4 – Perform measurement
Scoring with a rubric is more reliable than scoring without it (Jonsson &
Svingby, 2007) because different experts may use different criteria in rating the
ITRM content. Therefore, the rubrics (Appendix B) are developed and provided
for the experts to assess specific content of the ITRMs. The score ranges from 1
(bad performance) to 5 (good performance) for each category. The invited
experts coded the ITRM content into the categorization matrix and assessed each
category alongside the provided rubrics.
In this research, four experts were invited for content analysis and rating. The
criteria of expert selection included: (1) expertise in textile; (2) have experiences
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in technology roadmapping for textile industry; and (3) have more than 10 years’
professional career in textile-related areas. Table 3.4 shows the information of the
four invited experts.
Table 3.4 Information of the four invited experts

No.

Expertise

1

Material science and textile innovation
management

2

Textile testing technology and textile
technology industrialization

3

4

Background

Origin

Academia

UK

Academia

Hong Kong

Textile engineering and textile project

Industry

management

Association

Computing science, and simulation and
visualization of textile materials

Industry

Hong Kong

Mainland
China

Step 5 – Check reliability
Interrater reliability refers to the extent to which the independent raters agree
on the coding and rating of the content in the same categorization/coding scheme
(Lavrakas, 2008). The Interrater reliability is widely accepted as the standard
measure for research quality (Kolbe & Burnett, 1991; Lombard et al., 2002) and
it is a critical component of the content analysis. In this research, the average
pairwise percentage agreement (Lombard et al., 2010) and Cohen’s Kappa index
(Bakeman, 2000; Dewey, 1983; Lombard et al., 2002) are adopted to determine
the interrater reliability. The average percentage agreement is 73.96% and
considered reliable (Frey et al., 2000). The Cohen’s Kappa is 0.625 and regarded
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as substantially reliable (Landis & Koch, 1977).
Step 6 – Report results
The experts’ scores, as nonparametric data, are transformed to ranks (Section
3.2.2). Each ITRM is scored by the four experts respectively so that each subattribute ranks from 1 to 16. The results are reported in the below section in
detail.

3.4 Results

3.4.1 Content analysis
3.4.1.1 Internal legitimacy
The median and range of the ranks for the three sub-attributes of internal
legitimacy for the four ITRMs are presented in Table 3.5.
Table 3.5 Results of ranks (median and range) for sub-attributes of internal legitimacy

Sub-attribute

UK

Roadmapping
methods

7.50 (6.50)

Canada

US

China

7.50 (0.00) 15.00 (7.50)

7.50 (0.00)

11.00(10.00) 3.50 (7.50) 11.00 (7.50)

11.00 0.00)

Research team

6.25 (10.50)

9.00 (0.00)

3.50 (0.00)

14.00 0.00)

Overall score of
internal legitimacy

8.25 (9.00)

6.67 (2.50)

8.58 (2.50)

10.83 0.00)

Expert panel

Among the four ITRMs rated, the Canadian roadmap (see Fig. 3.5) received
the lowest quality score 6.67 out of 16 for the internal legitimacy, because it
failed to address the definition and methodology of roadmapping and only
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invited nine stakeholders from Canadian textile companies as expert panels. The
ITRM for the US received the best rating for roadmapping methods but the worst
rating for authority level of the research team. The Chinese ITRM was ranked the
highest for the internal legitimacy average because of the diversified and
reputable members in both expert panel and research team. The UK one received
a score of 8.25 out of 16, and its main weakness was a lack of reputable
participants from academia and governmental departments.

3.4.1.2 Value chain, supply chain, and innovation chain
Based on the original expert scores, the rating of the value chain for all the
four ITRMs is unsatisfactory. In the US and Chinese ITRMs, the information of
the value chain was fragmented and coded from the sections of supply and
innovation chains.
The ranking order for the quality of supply chain was the Canadian, Chinese,
UK, and the US ITRMs. In these ten years, collecting data and information about
the supply and demand of an industry from various databases and websites was
possible. The main challenge is how to filter and analyze the huge amount of
information.
In the ratings for the innovation chain, the US ITRM ranked the lowest,
because it only carried out a patent search for technology and innovation
analysis. The content of the innovation chain is used as an important attribute for
roadmaps.

3.4.1.3 Industrial goals and key technology
The median and range for sub-attributes of industrial goals and key
64

technology for the four ITRMs are presented in Table 3.6. The Chinese and UK
ITRMs ranked the top two for the key projects and current status of technology,
showing the benefits of using diversified databases.
Table 3.6 Results of ranks (median and range) for the sub-attributes of industrial
goals and key technology

Key
attribute

Industrial
goals

Sub-attribute

UK

Canada

US

China

Industrial gaps

6.00 (7.50)

6.00 (0.00)

6.00 (0.00)

13.50 (2.50)

Research areas

6.00 (7.50)

6.00 (0.00)

6.00 (0.00)

13.50 (2.50)

Development strategy

8.50 (0.00)

8.50 (0.00)

8.50 (0.00)

8.50 (0.00)

Key projects

9.00 (8.00)

5.00 (0.00)

5.00 (8.00)

13.00 (0.00)

Technology barrier

10.50 (13.50)

10.50 (0.00)

2.50 (2.50)

10.50 (0.00)

Objectives of technology

9.00 (0.00)

9.00 (0.00)

5.25 (7.50)

9.00 (7.00)

10.50 (6.00)

7.50 (5.00)

2.50 (5.00)

13.50 (0.00)

7.50 (8.00)

7.50 (0.00)

7.50 (0.00)

7.50 (8.00)

Key
Current status of
technology
technology
Key technologies to
develop

3.4.1.4 Macro and micro environment
The median and range for the sub-attributes of macro and micro environment
for the four ITRMs are shown in Table 3.7.
Table 3.7 Results of ranks (median and range) for the sub-attributes of macro and
micro environment

Key
attribute

Sub-attribute

UK

Canada

US

China

Macro
environment

Economics
Factor

9.75 (7.50)

6.00 (0.00)

6.00 (5.00)

13.50 (0.00)
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Micro
environment

Societal
Challenges
Environmental
Protection
Resources
Provision
Politics,
Cultures, and
Lifestyles
Human
Population
Feature
Infrastructures
Policies and
Agreements
Capital
Investment
Education &
Training

7.25 (7.50)

11.00 (7.50)

3.50 (7.50)

11.00 (5.00)

10.00(14.00)

4.50 (5.00)

7.00 (0.00)

13.00 (0.00)

12.00 (11.50)

8.25 (7.50)

4.50 (7.50)

8.25 (7.50)

9.50 (0.00)

9.50 (8.00)

9.50 (8.00)

9.50 (0.00)

7.25 (10.50)

13.50(0.00)

5.00 (0.00)

8.50 (5.00)

7.50 (12.00)

14.50 (3.00)

2.50 (5.00)

7.50 (4.00)

11.00 (14.50)

11.00 (6.50)

4.50 (3.00)

11.00 (0.00)

8.50 (11.00)

14.00 (0.00)

8.50 (5.50)

3.00 (5.50)

11.00 (7.50)

11.00 (0.00)

3.50 (2.50)

11.00 (0.00)

The UK, Canadian, and Chinese ITRMs received both very good and
unsatisfactory scores for different sub-attributes, and the US ITRM was rated
with quite low scores for most of these attributes. These results revealed that the
content construction of an ITRM has not yet been effectively developed.

3.4.2 Quality measurement
3.4.2.1 Quality scores
After analyzing the quality of each sub-attribute (Section 3.4.1), the newly
proposed methods and equations (Section 3.2.2) were also used to analyze the
overall quality of the four ITRMs. The quality scores (Qi) of the eight key
attributes for each ITRM are illustrated in box plots (median and range) in Figs.
3.5–3.8.
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Fig. 3.5 Quality scores of eight key
attributes in the UK ITRM

Fig. 3.6 Quality scores of eight key
attributes in the Canadian ITRM

Fig. 3.7 Quality scores of eight key
attributes in the US ITRM

Fig. 3.8 Quality scores of eight key
attributes in the Chinese ITRM

Though rubrics had been provided, variance still existed, especially for the
UK roadmap. Brief interviews have been conducted with the two experts who
gave the highest and lowest rating for this roadmap respectively. One expert
thought the information collected in the UK roadmap was very comprehensive.
Even though only desk review was conducted, he gave high scores to many of
the attributes. The other expert explained that he gave low scores to the UK
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roadmap because it had not formed any formal expert committee to generate new
ideas and was over relied on the second-hand resources.
A radar diagram for a comparison of the four roadmaps against each key
attribute is presented in Fig. 3.9.

Fig. 3.9 Quality scores (median) for each attribute in the four ITRMs

The area of Canadian ITRM was the largest, because it ranked the highest in
value chain, supply chain, innovation chain, and micro environment analysis.
However, for the other two attributes, namely, internal legitimacy and industrial
goals, it ranked the lowest. Amongst the four ITRMs, the US one ranked the
worst and occupied the smallest area in Fig. 3.9. The US ITRM ranked the
lowest in seven key attributes out of eight, except internal legitimacy. The
Chinese ITRM had best quality scores of internal legitimacy, industrial goals,
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key technology, and macro environment analysis. The UK ITRM ranked medium
for all the key attributes.
Fig. 3.10 presents the quality scores (median and range) of the market and
technology forces in the four ITRMs.

Fig. 3.10 Quality scores (median + range) of the market and technology forces of
the four ITRMs

The Canadian ITRM received best quality score for market forces, and the
Chinese one best for technology forces. Moreover, the UK and Canadian ITRM
had better quality scores of market forces than did technology forces, and the US
and Chinese ones ranked better for technology forces than for market forces.

3.4.2.2 Internal deficiency index
The calculated results (median and range) of internal deficiency and relative
internal deficiency are plotted in Fig. 3.11. Table 3.8 shows the overall results
(median + range) of quality measurement for the four ITRMs.
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Fig.3.11 Results (median + range) for internal deficiency and relative internal
deficiency of the four ITRMs

Table 3.8 Overall results (median + range) of quality measurement for the four
ITRMs

Origin

Overall
quality score
(QO)

Internal
deficiency
(DI)

Relative
internal
deficiency
(RDI)

Mapping of evidence on
sustainable development
impacts that occur in the
life cycles of clothing
(Madsen, 2007)

UK

9.20(5.17)

1.69(1.89)

17% (0.17)

Technology roadmap for
Canadian textile industry
(Cttgroup, 2008)

Canada

10.41(1.84)

2.10(1.21)

20% (0.08)

Industry technology
roadmap for the flushable
pre-moistened nonwoven
wipes industry (Kim,
2009a)

US

5.41(1.06)

0.63(0.26)

12% (0.04)

ITRM

70

Development of
Technology Roadmap for
Guangdong Textile and
Clothing Industry (Li &
Xiong, 2010a)

China

9.83(1.77)

2.04(0.64)

20% (0.06)

The values of internal deficiency and the relative internal deficiency were
larger in the Canadian and Chinese ITRMs, although they ranked top two for
overall quality. The bars show that the content of market and technology forces
were not well developed in balance in the four ITRMs examined.
The UK ITRM, initiated by the governmental department, collected
sufficient information on market and technology status for the industry from
different databases of industry, academia, and government. However, the ITRM
only presented the second-hand sources without incorporating new knowledge
from the roadmapping processes.
The Canadian ITRM, initiated by a national industrial association, performed
extremely well on the information and analysis of industrial statuses, such as
value chain, supply chain, innovation chain, and micro environmental analysis.
However, its strategic decisions in close relation to technology forces, such as
industrial goals and key technology to develop, needed further improvement.
The US roadmap, as an academic thesis, had strength in methodology, but
the analysis of the industrial status and strategic decisions was not sufficient.
Although the relative internal deficiency of the US ITRM was the smallest, it
seemed not the result of awareness of balanced development of market and
technology forces, because of the poor ranks for the content quality of both
market and technology forces.
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The Chinese roadmap, as a cooperative work of industry, academia, and
government, had generally good ratings across various attributes except for value
chain. As opposed to the Canadian ITRM, the Chinese one received good
rankings on key attributes in close relation to technology forces rather than
market forces.

3.5 Discussion
Based on the assessments of the four ITRMs investigated, the content in all
the four ITRMs were not systematically organized, and some relevant attributes
were not mentioned or were only partially covered. These results revealed a lack
of systematic frameworks for ITRM content presentation and the authors might
only present the content with easy access.
Moreover, different types of organizations focused on different attributes of
an ITRM’s content. For example, the governmental department (UK roadmap)
focused more on macro-environmental analysis, such as environmental
protection, resources, and policies. By contrast, the industrial association
(Canadian roadmap) emphasized attributes in relation to the conditions for
realizing industrial goals, such as infrastructure, capital investment, and
education and training. The organizational backgrounds also affected the content
quality. For industry-status-related content, such as value, supply, and innovation
chains and micro environment analysis, research team and expert panels from the
industry (Canadian roadmap) had superior performance because they had more
direct and sensitive judgments on actual industrial statuses. For technologyplanning-related content and macro environment analysis, research team, and
expert panels from multiple organizations in academia, industry, and
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governmental

departments

had

improved

performance,

because

multi-

organizational backgrounds could focus on the overall situations and generate
collaborative opinions across various organizations rather than interest of
particular entities.
Different data sources also affected the quality of information collection and
analysis. The Canadian roadmap used the database of the Canadian Textile
Industry Association as a source, and the ITRM attributes that related to
industrial development such as infrastructures, capital investment, and
educational human resources had better scores. The Chinese roadmap used the
database “Web of Knowledge” and “SCI-Finder” to explore the updated status of
technology and innovation, and it received high scores in the relevant attributes.
The UK roadmap was created by desk research on secondhand information but
still received medium scores on all the attributes.
This research aims to propose systematic methods for ITRM assessment, and
equal weighting was adopted for each attribute. Different organizations have
different objectives of a roadmap and emphasis on different attributes and subattributes; therefore, different weightings can be applied based on the provided
assessment methods.

3.6 Recommendations

3.6.1 Five success factors
Based on the assessment framework and results, the following five success
factors are recommended to aid in the organizing and writing of ITRM,
particularly for the textile industry. With this experience, more case studies in
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other industries can be performed to widen the applications of the proposed
internal assessment model.
(1) Methodology of industry technology roadmapping
As a future development planning tool, industry technology roadmapping has
been developed, amended, and applied in various areas with different objectives.
Choosing suitable methods for different levels (industry or corporate),
roadmapping techniques and processes is necessary to adapt different objectives
for roadmaps.
(2) Multi-organizational background
A research team and expert panels that included renowned experts in
balanced technology, business, and governing areas of the target industry
worldwide is recommended. Usually, ideas about the overall industrial trends as
well as specific technology development can be generated from expert forums,
workshops, interviews and so forth, depending on the decisions made by the
research team.
(3) Systematic presentation of ITRM content
For the ITRM to have a clear and comprehensive analysis of the current
status of the targeted industry is important, thereby ensuring that the audience
gets the updated knowledge of the development of the industry. Presenting data
and analysis from three aspects, namely, value, supply, and innovation chains,
can provide a dynamic vision of the entire industry rather than only fragmented
information.
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Setting industrial goals and prioritizing key technologies/barriers for various
developing periods are the crucial tasks for ITRMs, and should be carefully
generated to cover a range of industrial participants (academia, industry, and
government) to ensure the implementation effectiveness.
Industrial development cannot be isolated from the macro environment. To
avoid predictable risks and utilize potential advantages, analyzing the economic
factors, societal challenges, environmental protection, resources provision,
politics and culture, and population features is necessary. To connect the macro
environment with the target industrial status, the micro environment including
infrastructures, policies, and agreements, capital investment, education, and
training is also recommended for investigation.
(4) Balanced content for market and technology forces
The core task for an ITRM is to minimize the gaps between the market
demands and the technology and innovation development. Therefore, the content
for current and potential market forces and technology forces should be
developed in balance. The more well-matched market and technology forces are,
the smaller internal deficiency is and the better the target industry develops.
(5) Appropriate databases
Using corresponding databases for collecting different types of information
is helpful in improving the quality of presented data and analysis. For example,
industry association databases, customer databases, national statistics yearbooks,
governmental statistics, and international organizations’ databases can be
valuable for industrial status and macro and micro environmental analysis.
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Scientific tools, such as “Web of Science,” “Web of Knowledge,” “Scopus,”
“Sci-Finder,” and “Google Scholar” can be adopted for technology and
innovation analysis.

3.6.2 Advantages over the previous suggestions of success factors
Phaal et al. (2001b) identified ten success factors including “clear and
effective process for developing ITRM,” “effective tools/techniques/methods,”
and “right people/functions were involved;” these factors are similar to our first
two recommendations. Their success factors were generated from the surveys on
the roadmapping process, whereas our success factors were revealed from the
results of systematic assessment of four actual ITRMs.
Jeffrey et al. (2013) suggested eight success factors for ITRM based on the
assessment results of four ITRMs in the renewable energy sector. Furthermore,
two success factors, namely, “having the right people/author in place” and
“robust method for developing the roadmap,” were similar to our first two
recommendations. People with multi-organizational backgrounds were involved
in both studies, but Jeffery et al. did not mention the expert panels.
The recommended success factors (1) and (2) also agree with those proposed
by the previous research (Gerdsri et al., 2009; Jeffrey et al., 2013; Phaal et al.,
2001b). Success factors (3), (4), and (5) are newly emerged from the analysis of
internal quality assessment results of four ITRMs in textiles. The advantage is
that the five success factors are recommended based on internal quality of the
ITRM content; thus, they can provide more practical guidelines for ITRM
content construction.
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3.7 Conclusion
The assessment of the success of an industry technology roadmap is a
complex process. To maximize the effectiveness of an ITRM, the content of an
ITRM should be elaborated upon, thereby leading to more effective processes
and roadmapping techniques.
The essence of the proposed internal assessment model is a theoretical
framework that connects different content attributes. In addition to assessment,
this framework can be used for systematic presentation of ITRM content. The
concept of internal deficiency has been initially developed to emphasize the
balanced integration between market forces and technology forces in an ITRM,
and relevant indices have been also developed to open a new chapter in the
quantitative assessment of roadmaps. The findings of this study can help
practitioners to develop an effective ITRM with clear guidelines and a
knowledge framework.
By focusing on content quality, this proposed model is limited to internal
assessment of roadmaps. Future studies of external assessment on actual
performance of roadmaps are presented in Chapter 4.
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Chapter 4 External Assessment Model and Analysis

As mentioned in the previous chapters, the quality of ITRM is yet to be
evaluated well (Carvalho et al., 2013; Vatananan & Gerdsri, 2012). Only a few
studies have assessed the actual achievements of ITRM (Jeffrey et al., 2013;
Phaal et al., 2001b). Chapter 3 has shown the content quality assessment of the
four ITRMs using an internal assessment model. This chapter focuses on the
follow-up assessment of the actual performance of the same four ITRMs using an
external assessment model. Detailed guidelines for an effective ITRM are
recommended.

4.1 External Assessment Model
The external assessment model was designed to evaluate the performance of
an ITRM in terms of the difference between the roadmap planning and external
actual trends within the study period. Similar to the internal assessment model in
Chapter 3, a theoretical framework with a set of external assessment attributes
has been developed. Various indicators have been selected against each
assessment attribute, and quantitative measurements for the assessing the
external performance of an ITRM have been initially developed.

4.1.1 Theoretical framework
Except for the internal legitimacy, the same seven key attributes in Chapter 3
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are assessed using a theoretical framework for ITRM external assessment (Fig.
4.1).

Fig. 4.1 Theoretical framework for external assessment of ITRM

In assessing the internal contents or external performance, the key attributes
in Fig. 4.1 shares the same dynamic industrial contexts. However, the external
assessment analyzes the changes in a set period, whereas the internal assessment
only focuses on the static contents presented in the ITRM. Fig. 4.2 shows the
knowledge framework of an ITRM external assessment model. By omitting the
internal legitimacy and adding the realization of industrial goals and achievement
of key technology from Fig. 3.2, the attributes remain the same for internal and
external assessments.
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Fig. 4.2 Knowledge framework of ITRM external assessment model

The definitions and linkages among the attributes are presented in Section
3.1.2. The external assessment model investigates the actual performance of each
attribute. If the predictions in the roadmap conform to the actual development
trends of the industry, then ITRM performs well. A list of assessment indicators
is selected in Section 4.1.2. on the basis of the internal content assessment scopes
of key attributes, including value chain, supply chain, innovation chain, industrial
goals, key technology, macro environment analysis, and micro environment
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analysis (except the attribute internal legitimacy representing the facts of an
ITRM rather than actual development) in Fig. 3.1.

As industry development is a complicated process with numerous activities,
the actual industrial developments cannot be quantified as direct measurement of
an ITRM. Therefore, in this study, the conformance between actual development
trends and original predictions in the technology roadmap is regarded as the
overall performance of a roadmap. To date, the concepts and methods for
accurate predictions are yet to be studied comprehensively. In this work, the
external deficiency between market and technology forces is first established for
roadmap performance assessment. The detailed measurement is presented in
Section 4.1.3.

4.1.2 Assessment indicators
An indicator provides evidence that a certain condition exists or certain
results have or have not been achieved (Brizius & Campbell, 1991). Indicators
enable a result-based assessment toward the achievement of intended goals
(Horsch, 1997). To select appropriate indicators for the seven attributes (Fig.
4.1), internal assessment scores for the attributes are referred, and content
analysis of existing literature is adopted. The indicator sets for each facet should
be specific and focused (Msh, 1995). Table 4.1 presents a summary of 20 specific
indicators for external ITRM assessment of seven key attributes with references.
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The indicators are measured based on the actual data available in the ITRMs.
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Table 4.1 Assessment criteria and references of the 20 indicators for ITRM external assessment
Indicator

Accuracy of predicted
development of attribute

1

Value added (% of GDP)

2
3

Exportation amount
Importation amount

supply chain

4
5
6
7
8
9

Number of patents relevant technology and innovation
Number of research papers relevant technology and innovation
Number of conference topics relevant technology and innovation
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patents, research paper and conference topics of the proposed
technology gaps
Number of patents, research paper and conference topics of the proposed key
technologies
Changes of GDP growth
Changes of labor cost
Changes of the searching number of proposed environmental problems and
solutions searched
Changes of provision of raw materials mentioned
Changes of household final consumption expenditure
Changes of population growth
Changes of searching number of proposed facilities and platforms searched
Changes of searching number of proposed polices and agreements searched
Changes of R&D expenditures in the textile industry
Changes of number of dissertations in textile-related areas

innovation chain
innovation chain
innovation chain
industrial goals
industrial goals

10
11
12
13
14
15
16
17
18
19
20

Reference

macro environment
macro environment

(Gereffi et al., 2001; Johnson & Noguera, 2012; Kaplinsky & Morris, 2001;
Wang et al., 2017)
(Baldwin, 2011; Ling-Yee & Ogunmokun, 2001; Stock & Lambert, 2001)
(Arntzen et al., 1995; Baldwin & Lopez‐Gonzalez, 2015; Blalock &
Veloso, 2007)
(Lahiri, 2010; Merges, 1988; Miller et al., 2007)
(Li & Xiong, 2010b; Perkmann & Walsh, 2007; Robinson et al., 2013)
(Keegan & Turner, 2002; Mateik, 2010; Yixin, 2011)
(Austin & Bobko, 1985; Latham & Locke, 2007; Van Lamsweerde, 2004)
(Cooper, 1979; Koskela & Howell, 2002; Ronan et al., 1973)
(Carpenter & Narin, 1981; Griliches, 2007; Mowery et al., 2015; Smith,
2005)
(Carpenter & Narin, 1981; Griliches, 2007; Mowery et al., 2015; Smith,
2005)
(Beck, 2000; Dunning & Narula, 2003; Hillebrandt, 1985)
(Dong & Putterman, 2003; Oi, 1962)

macro environment

(Habert et al., 2011; Ross, 1996)

macro environment
macro environment
macro environment
micro environment
micro environment
micro environment
micro environment

(Schoer et al., 2012; Wiedmann et al., 2015)
(Hall, 1988; Lucas Jr, 2003; Rots & Maduko, 2014)
(Black & Henderson, 1999; Utterback & Suárez, 1993)
(Jain & Sekar, 2000; Kirchain & Kimerling, 2007)
(Lewis & Wiser, 2007; Wilensky, 2015)
(Foxon et al., 2005; Hansen & Birkinshaw, 2007; Roper et al., 2008)
(Borrell-Damian, 2009; Precision Consultancy Business & Council, 2007)

value chain

supply chain

key technologies
key technologies
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4.1.3 Measurement
After establishing the indicator sets for external assessment of ITRMs, the
measurement steps and detailed methods are illustrated below.

Step 1 – Data collection

Data for each indicator are collected from relevant databases during the
investigation period. The publication year of the ITRM is set as the start year
because the analysis and predictions are usually conducted before an ITRM is
published, and are effective for the following five to ten years, or even longer,
that is, twenty years. The end of the investigation period depends on the research
objectives or data availability.

Certain indicators in Table 4.1 are unavailable due to various situations in
different industries. Rational Pharmaceutical Management Project (Msh, 1995)
suggested that the designed indicators evolve with corresponding objectives.
Therefore, adapting changes to the proposed indicator set based on the available
industrial data can be made.

Step 2 – Data normalization

As unit measurements of the data for each indicator are different, all data
groups are scaled between 0 and 1 by the min-max normalization technique using
Equation 1 below,
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z=

𝑥− 𝑥𝑚𝑖𝑛
𝑥𝑚𝑎𝑥 −𝑥𝑚𝑖𝑛

,

(1)

where z is the normalization value, x is the original value, xmin is the minimum
value within the same original data group, and xmax is the maximum value within
the same original data group.

Step 3 – Calculation of change

With the normalized data, the sum of changes within each investigated year
is calculated by Equation 2,

C = (xo+1 – xo) + (xo+2 – xo) + … + (xn – xo),

(2)

where C is the sum of data changes in each investigated year compared to the
data in the starting year with normalized value, xo is the normalized data in the
starting year, and xn is the normalized data in the nth year after the starting year.

Step 4 – Conformance between actual trend and original prediction in
roadmap

The actual trend is an increase if C is positive and a decrease if C is negative.
The original predictions derived from the ITRM are compared with the values of
C to investigate whether the actual trends conform to the predictions in the
ITRM.

Ordinal measures are used for the conformance results of the indicators (yn).
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If the actual trends conform with the predictions, a score of 1 is assigned to the
corresponding indicator and 0 when the actual trends are different from the
predictions.

Step 5 – Calculation of the performance scores

The performance score Pi is calculated with the average of conformance
results of relevant indicators (Equation 3) for the ith key attribute listed in Table
4.1,

Pi = ∑ 𝑦𝑛𝑖 / mi,

(3)

where Pi represents the performance score of the ith key attribute, yni is the
conformance result of each indicator for the ith key attribute, and mi is the total
number of the corresponding indicator for the ith key attribute.

With the results of Pi, the performance score of all market-force-related
attributes and all technology-force-related attributes and the overall performance
of ITRM can be calculated by Equations 4, 5, and 6, respectively.

PMF = (P1+P2+P6+P7) / 4,

(4)

where PMF represents the performance score of market-force-related attributes
and P1, P2, P6, and P7 represent the performance score of the value chain, supply
chain, macro environment, and micro environment analysis, respectively.
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PTF = (P2+P3+P4+P5) / 4,

(5)

where PTF represents the performance score of technology-force-related
attributes and P2, P3, P4, and P5 represent the performance score of the supply
chain, innovation chain, realization of industrial goals, and achievement of key
technologies, respectively.

PO = ∑ 𝑃𝑖 / 7,

(6)

where PO represents the overall performance score of an ITRM and Pi is the
performance score of the ith key attribute, where i = 1, 2,…,7.

Step 6 – Calculation of the external deficiency

External deficiency (DE) is the absolute value of the difference in
performance scores between the market forces and technology forces, as shown
in Equation 7.

DE = | PMF – PTF |

(7)

The relative external deficiency (RDE) in percentage is calculated by Equation
8.

RDE = DE / [(𝑃𝑀𝐹 + P𝑇𝐹 )/2] *100%
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(8)

4.2 Assessment of ITRMs
The external assessment model discussed in Section 4.1 is used to assess the
actual performances of the four textile ITRMs (Table 3.2) that were internally
assessed in Chapter 3. The most recent of the four ITRMs was published in 2010
and majority of the available data were up to 2014, when the assessment was
conducted; hence, each ITRM is assessed based on a five-year investigation
period.

Following the six steps described in Section 4.1.3, the original data of each
indicator for the four roadmaps in five years, have been collected in Tables 4.3 to
4.6.
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Table 4.3 Collected data for external assessment of the UK ITRM
Original data
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patents, research paper and conference topics of the
proposed technology gaps
Number of patents, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(cotton production in the US, 1000 bales)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed policies and agreements searched
R&D expenditures in the textile industry (USD Million)

Database

2007

2008

2009

2010

2011

21.542
11325
36297
18
490
0
12
281

21.144
10780
35931
14
418
17
18
211

19.94
8762
30658
19
507
2
19
255

20.113
9591
32718
15
491
9
27
229

20.307
11182
36470
18
514
9
24
211

(Worldbank, 2017d)
(Wits, 2017e)
(Wits, 2017f)
(Scifinder, 2017)
(Scopus, 2017)
(Scopus, 2017)
(Scifinder, 2017)
(Scifinder, 2017)

20

17

26

27

28

(Scifinder, 2017)

208

160

142

167

162

(Scifinder, 2017)

2.556
7238.7
151

-0.627
6547.6
101

-4.328
4934.9
117

1.915
5023.2
159

1.509
5281.6
171

(Worldbank, 2017a)
(Oecd, 2017c)
(Scopus, 2017)

19206.9

12825.4

12183

18101.8

15573.2

(Statista, 2015)

64.699

65.343

65.71

65.212

64.924

(Worldbank, 2017b)

0.779
64
61
19.21

0.787
70
67
15.32

0.756
91
83
10.42

0.784
99
90
10.8

0.782
118
88
13.1

(Worldbank, 2017c)
(Scopus, 2017)
(Scopus, 2017)
(Oecd, 2017a)
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20

Number of dissertations in textile-related areas

0

0

0

0

0

(Scifinder, 2017)

Table 4.4 Collected data for external assessment of the Canadian ITRM
Original data
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patents, research paper and conference topics of the
proposed technology gaps
Number of patents, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(textile raw material import, US dollar million)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)

Database

2008

2009

2010

2011

2012

31.675
3248
11933
3
238
4
4
131

27.221
2631
10575
11
265
2
7
131

28.551
3024
11881
7
280
2
12
156

29.375
3251
13380
8
329
5
9
138

28.884
3247
13331
7
302
15
4
74

(Worldbank, 2017d)
(Wits, 2017a)
(Wits, 2017b)
(Scifinder, 2017)
(Scopus, 2017)
(Scopus, 2017)
(Scifinder, 2017)
(Scifinder, 2017)

159

131

154

133

141

(Scifinder, 2017)

164

162

143

162

104

(Scifinder, 2017)

1
2319.9
8

-2.95
1964.2
4

3.084
2028.9
19

3.141
2087.4
19

1.745
2135.8
23

(Worldbank, 2017a)
(Oecd, 2017c)
(Scopus, 2017)

4156

3459

4041

4348

4501

(Oecd, 2017b)

54.377

57.441

56.853

55.796

55.934

(Worldbank, 2017b)

1.082

1.145

1.114

0.988

1.18

(Worldbank, 2017c)
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17
18
19
20

Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

11
81

7
79

22
104

20
120

20
109

(Scopus, 2017)
(Scopus, 2017)

68.77

67.41

59.78

66.94

48.07

(Oecd, 2017a)

1

3

1

4

1

(Scifinder, 2017)

Table 4.5 Collected data for external assessment of the US ITRM
Original data
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patents, research paper and conference topics of the
proposed technology gaps
Number of patents, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned

Database

2009

2010

2011

2012

2013

20.216
1248
658
125
1177
28
2
3315

20.391
1537
849
127
1379
49
1
3636

20.63
1735
907
114
1401
58
1
2975

20.544
1815
963
87
1447
78
0
2435

20.502
1934
1050
96
1427
40
0
2760

(Worldbank, 2017d)
(Franken, 2013; Mayberry, 2016)
(Franken, 2013; Mayberry, 2016)
(Scifinder, 2017)
(Scopus, 2017)
(Scopus, 2017)
(Scifinder, 2017)
(Scifinder, 2017)

1

1

1

1

0

(Scifinder, 2017)

709

680

664

638

588

(Scifinder, 2017)

-2.776
18
0
36559

2.532
18.5
3
28400

1.601
19
0
47957

2.224
19.2
2
50690

1.677
19.4
0
54400

(Worldbank, 2017a)
(Tradingeconomics, 2017)
(Scopus, 2017)
(Oerlikon, 2010; Statista, 2017)
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15
16
17
18
19
20

(Global synthetic fiber production, 1000 metric tons)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

68.293

68.176

68.884

68.403

68.066

(Worldbank, 2017b)

0.877
11
5

0.836
10
16

0.764
14
11

0.762
10
17

0.737
19
13

(Worldbank, 2017c)
(Scopus, 2017)
(Scopus, 2017)

428

489

634

560

662

(Oecd, 2017a)

26

14

15

19

17

(Scifinder, 2017)

Table 4.6 Collected data for external assessment of the Chinese ITRM
Original data
Indicator
1
2
3
4
5
6
7
8
9
10

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patents, research paper and conference topics of the
proposed technology gaps
Number of patent, research paper and conference topics of the
proposed key technologies

Database

2010

2011

2012

2013

2014

46.396
199534
29578
155
1004
2
3992
875

46.401
240540
37588
230
1966
672
4637
974

45.274
246094
40865
366
1320
144
5788
1488

44.008
274010
40418
694
1910
606
6729
2113

43.103
287650
35973
2068
1682
1468
8318
3118

(Worldbank, 2017d)
(Wits, 2017c)
(Wits, 2017d)
(Scifinder, 2017)
(Scopus, 2017)
(Scopus, 2017)
(Scifinder, 2017)
(Scifinder, 2017)

1440

1483

1789

1773

2084

(Scifinder, 2017)

1390

1628

1789

2118

2492

(Scifinder, 2017)
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11
12
13
14
15
16
17
18
19
20

GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(cotton million tons)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

10.636
108.5
38

9.536
111.1
58

7.856
96.6
93

7.758
99.8
132

7.298
99.4
175

(Worldbank, 2017a)
(Nbsc, 2016)
(Scopus, 2017)

5.961

6.598

6.836

6.299

6.178

(Nbsc, 2017)

35.925

36.745

36.636

36.631

37.165

(Worldbank, 2017b)

0.483
2
124

0.479
2
191

0.487
4
238

0.494
6
385

0.506
12
566

(Worldbank, 2017c)
(Scopus, 2017)
(Scopus, 2017)

3949.92

5146.67

6272.13

7380.37

8302.01

(Oecd, 2017a)

4

10

10

4

0

(Scifinder, 2017)
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4.3 Results
The external assessment results using normalized data, values of C (Change),
and conformance results between original predictions and actual trends are
presented in Tables 4.7 to 4.10. Following steps 2 and 3 of the measurement
methods, the normalized data for actual statistics collected in Table 4.3 to Table
4.6 and the corresponding values of C are calculated, and the actual trend of each
indicator is shown as well. The original predictions are searched and collected
from the four ITRMs, with the evidence and key word. Following step 4 of the
measurement methods, the conformance for each indicator is also investigated.
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Table 4.7 External assessment results of the UK ITRM
Normalized data from 0 to 1
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patent, research paper and conference topics of the
proposed technology gaps
Number of patent, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(cotton production in the US, 1000 bales)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry

Actual
trend

Original
prediction

Conformance
(1=agree,
0=disgree)

2007

2008

2009

2010

2011

Value of C
(Change)

1.00
1.00
0.97
0.80
0.75
0.00
0.00
1.00

0.75
0.79
0.91
0.00
0.00
1.00
0.40
0.00

0.00
0.00
0.00
1.00
0.93
0.12
0.47
0.63

0.11
0.32
0.35
0.20
0.76
0.53
1.00
0.26

0.23
0.94
1.00
0.80
1.00
0.53
0.80
0.00

-2.91
-1.94
-1.62
-1.20
-0.31
2.18
2.67
-3.11

decrease
decrease
decrease
decrease
decrease
increase
increase
decrease

decrease
decrease
decrease
increase
increase
increase
increase
increase

1
1
1
0
0
1
1
0

0.27

0.00

0.82

0.91

1.00

1.64

increase

increase

1

1.00

0.27

0.00

0.38

0.30

-3.05

decrease

increase

0

1.00
1.00
0.71

0.54
0.70
0.00

0.00
0.00
0.23

0.91
0.04
0.83

0.85
0.15
1.00

-1.71
-3.11
-0.80

decrease
decrease
decrease

decrease
decrease
increase

1
1
0

1.00

0.09

0.00

0.84

0.48

-2.58

decrease

decrease

1

0.00

0.64

1.00

0.51

0.22

2.37

increase

increase

1

0.74
0.00
0.00
1.00

1.00
0.11
0.21
0.56

0.00
0.50
0.76
0.00

0.90
0.65
1.00
0.04

0.84
1.00
0.93
0.30

-0.23
2.26
2.90
-3.09

decrease
increase
increase
decrease

decrease
increase
increase
increase

1
1
1
0
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20

(USD Million)
Number of dissertations in textile-related areas

0.00

0.00

0.00

0.00

0.00

0.00

N/A

increase

0

Actual
trend

Original
prediction

Conformance
(1=agree,
0=disgree)

Table 4.8 External assessment results of the Canadian ITRM
Normalized data
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patent, research paper and conference topics of the
proposed technology gaps
Number of patent, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(textile raw material import, US dollar million)
Household final consumption expenditure
(% of GDP)

2007

2008

2009

2010

2011

Value of C
(Change)

1.00
1.00
0.48
0.00
0.00
0.15
0.00
0.70

0.00
0.00
0.00
1.00
0.30
0.00
0.38
0.70

0.30
0.63
0.47
0.50
0.46
0.00
1.00
1.00

0.48
1.00
1.00
0.63
1.00
0.23
0.63
0.78

0.37
0.99
0.98
0.50
0.70
1.00
0.00
0.00

-2.84
-1.35
0.51
2.63
2.46
0.62
2.00
-0.30

decrease
decrease
increase
increase
increase
increase
increase
decrease

increase
decrease
increase
increase
increase
increase
increase
increase

0
1
1
1
1
1
1
0

1.00

0.00

0.82

0.07

0.36

-2.75

decrease

increase

0

1.00

0.97

0.65

0.97

0.00

-1.42

decrease

increase

0

0.65
1.00
0.21

0.00
0.00
0.00

0.99
0.35
0.79

1.00
0.35
0.79

0.77
0.48
1.00

0.17
-2.82
1.74

increase
decrease
increase

increase
increase
increase

1
0
1

0.67

0.00

0.85

0.85

1.00

0.03

increase

increase

1

0.00

1.00

0.81

0.46

0.51

2.78

increase

increase

1
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16
17
18
19
20

Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

0.49
0.27
0.05

0.82
0.00
0.00

0.66
1.00
0.61

0.00
0.87
1.00

1.00
0.87
0.73

0.52
1.67
2.15

increase
increase
increase

increase
increase
increase

1
1
1

1.00

0.93

0.57

0.91

0.00

-1.59

decrease

increase

0

0.00

0.67

0.00

1.00

0.00

1.67

increase

increase

1

Actual
trend

Original
prediction

Conformance
(1=agree,
0=disgree)

Table 4.9 External assessment results of the US ITRM
Normalized data
Indicator
1
2
3
4
5
6
7
8
9
10
11
12
13

Value added (% of GDP)
Exportation amount (USDD Million)
Importation amount (US Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patent, research paper and conference topics of the
proposed technology gaps
Number of patent, research paper and conference topics of the
proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched

2007

2008

2009

2010

2011

Value of C
(Change)

0.00
0.00
0.00
0.95
0.00
0.00
1.00
0.73

0.42
0.42
0.49
1.00
0.75
0.42
0.50
1.00

1.00
0.71
0.64
0.68
0.83
0.60
0.50
0.45

0.79
0.83
0.78
0.00
1.00
1.00
0.00
0.00

0.69
1.00
1.00
0.23
0.93
0.24
0.00
0.27

2.91
2.96
2.90
-1.90
3.50
2.26
-3.00
-1.21

increase
increase
increase
decrease
increase
increase
decrease
decrease

increase
increase
increase
increase
increase
increase
increase
increase

1
1
1
0
1
1
0
0

1.00

1.00

1.00

1.00

0.00

-1.00

decrease

increase

0

1.00

0.76

0.63

0.41

0.00

-2.20

decrease

increase

0

0.00
0.00
0.00

1.00
0.36
1.00

0.82
0.71
0.00

0.94
0.86
0.67

0.84
1.00
0.00

3.61
2.93
1.67

increase
increase
increase

increase
increase
increase

1
1
1
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14
15
16
17
18
19
20

Provision of raw materials mentioned
(Global synthetic fiber production, 1000 metric tons)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

0.31

0.00

0.75

0.86

1.00

1.35

increase

decrease

0

0.28

0.13

1.00

0.41

0.00

0.44

increase

increase

1

1.00
0.11
0.00

0.71
0.00
0.92

0.19
0.44
0.50

0.18
0.00
1.00

0.00
1.00
0.67

-2.92
1.00
3.08

decrease
increase
increase

none
increase
increase

0
1
1

0.00

0.30

1.00

0.64

1.14

3.07

increase

increase

1

1.00

0.00

0.08

0.42

0.25

-3.25

decrease

increase

0

Actual
trend

Original
prediction

Conformance
(1=agree,
0=disgree)

Table 4.10 External assessment results of the Chinese ITRM
Normalized data
Indicator
1
2
3
4
5
6
7
8
9
10

Value added (% of GDP)
Exportation amount (USD Million)
Importation amount (USD Million)
Number of patents
Number of research papers
Number of conference topics
Number of official documents related to the proposed research areas
Number of official documents related to the proposed key projects
Number of patent, research paper and conference topics of the
proposed technology gaps
Number of patent, research paper and conference topics of the

2007

2008

2009

2010

2011

Value of C
(Change)

1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
0.47
0.71
0.04
1.00
0.46
0.15
0.04

0.66
0.53
1.00
0.11
0.33
0.10
0.42
0.27

0.27
0.85
0.96
0.28
0.94
0.41
0.63
0.55

0.00
1.00
0.57
1.00
0.70
1.00
1.00
1.00

-2.06
2.84
3.24
1.43
2.98
1.97
2.20
1.87

decrease
increase
increase
increase
increase
increase
increase
increase

decrease
increase
increase
increase
increase
increase
increase
increase

1
1
1
1
1
1
1
1

0.00

0.07

0.54

0.52

1.00

2.13

increase

increase

1

0.00

0.22

0.36

0.66

1.00

2.24

increase

increase

1
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11
12
13
14
15
16
17
18
19
20

proposed key technologies
GDP growth (annual %)
Labor cost (USD Million)
Number of proposed environmental problems and solutions searched
Provision of raw materials mentioned
(cotton million tons)
Household final consumption expenditure
(% of GDP)
Population growth (annual %)
Number of proposed facilities and platforms searched
Number of proposed polices and agreements searched
R&D expenditures in the textile industry
(USD Million)
Number of dissertations in textile-related areas

1.00
0.82
0.00

0.67
1.00
0.15

0.17
0.00
0.40

0.14
0.22
0.69

0.00
0.19
1.00

-3.02
-1.87
2.23

decrease
decrease
increase

decrease
decrease
increase

1
1
1

0.00

0.73

1.00

0.39

0.25

2.36

increase

decrease

0

0.00

0.66

0.57

0.57

1.00

2.80

increase

increase

1

0.15
0.00
0.00

0.00
0.00
0.15

0.30
0.20
0.26

0.56
0.40
0.59

1.00
1.00
1.00

1.26
1.60
2.00

increase
increase
increase

increase
increase
increase

1
1
1

0.00

0.27

0.53

0.79

1.00

2.60

increase

increase

1

0.40

1.00

1.00

0.40

0.00

0.80

increase

increase

1

99

Fig. 4.3 shows that the Chinese ITRM received the best performance scores
as 6 out of 7 attributes got 1 point as the predictions conformed to the actual
trends. The value and supply chains were correctly predicted in the US ITRM,
but it failed to make effective predictions for key technologies and industrial
goals. For the Canadian ITRM, the predictions of the supply and innovation
chains conformed to the actual trends, but the value chain and key technologies
were not correctly predicted. The UK ITRM made effective predictions for value
chain, supply chain, and macro environmental analysis.

Fig. 4.3 Performance scores for each attribute of the four ITRMs

Fig. 4.4 indicates that the Chinese ITRM received the best scores for market
and technology forces, and the deficiency between market and technology forces
of the Canadian ITRM is the smallest among the four ITRMs. The Chinese
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ITRM is the only one that showed higher performance scores of technology
forces than market forces.

Fig. 4.4 Performance scores of market forces and technology forces in the four
ITRMs

Fig. 4.5 shows that the increasing rank of the four ITRMs according to
relative external deficiency is Canada and China, the UK, and the US.

Fig. 4.5 Results of external deficiencies and relative external deficiencies of the four
ITRMs

Fig. 4.6 shows a decreasing trend in the overall performance score and
relative external deficiency among the Chinese, UK, and US ITRMs. The higher
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the ITRM performance score, the smaller the relative external deficiency
between market and technology forces.

Fig. 4.6 Relationship among overall performances and external deficiencies of the
four ITRMs

As shown in Table 4.11, the Chinese ITRMs have the highest overall
performance score because it made correct predictions of 19 indicators out of 20.
The UK ITRM ranked second and got an overall performance score of 0.67, with
strength in market forces’ prediction, such as value chain, supply chain, and
macro environment. The Canadian and US ITRMs received the same overall
performance score of 0.58, but their strength and weakness were different. The
former one made poor predictions on value chain and achievement of key
technology, but very good predictions on the supply chain, innovation chain, and
macro environment, which resulted in similar scores between market forces and
technology forces. On the contrary, big gaps existed between the two forces’
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performances in the US ITRM, and it did well in market forces prediction but
worst in technology perspective.

Table 4.11 Overall results of performance measurement of the four ITRMs

ITRM
Mapping of evidence on sustainable
development impacts that occur in
the life cycles of clothing (Madsen,
2007)
Technology roadmap for Canadian
textile industry (Cttgroup, 2008)
Industry technology roadmap for
the
flushable
pre-moistened
nonwoven wipes industry (Kim,
2009a)
Development
of
Technology
Roadmap for Guangdong Textile
and Clothing Industry (Li & Xiong,
2010a)

Origin

Overall
performance
score (PO)

External
deficiency
(DE)

Relative
external
deficiency
(RDE)

UK

0.67

0.25

0.35

Canada

0.58

0.02

0.03

US

0.58

0.44

0.69

China

0.98

0.04

0.04

4.4 Discussion
Except for the Chinese ITRM, the three ITRMs exhibited good performance
of market-force-related attributes (Fig. 4.4). The original predictions relating to
technology forces in ITRMs were relatively weak. When relative external
deficiency is considered, three ITRMs out of four had deficiencies between
market and technology forces (Fig. 4.5). In addition, overall performance scores
and deficiencies should complement each other. For example, the Canadian and
US ITRMs had the same overall performance score of 0.58, but had extremely
different results on deficiencies; the Canadian and Chinese ITRMs had close
results on deficiencies, but their overall performance scores of 0.58 and 0.98,
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respectively, had a large difference. Fig. 4.6 showed a decreasing trend between
the results of overall performance (PO) and relative external deficiency (RDE).
The smaller deficiency that the performances of the market forces and
technology forces have, the better is the overall performance of an ITRM. More
cases in different industries within different periods are still needed to investigate
the tendency. The academic resources also had good impact on the actual
performance of an ITRM, as seen in the Chinese and UK roadmaps. The Chinese
ITRM ranked first for overall performance and invited professionals from the
academe to participate in roadmapping activities, such as surveys, workshops,
and symposia. The UK ITRM, ranked second, and used many second-hand
academic documents for references to present the status of market and
technology forces, as well as make decisions on future predictions and industrial
plans.

4.5 Recommendations
Based on the theoretical framework and calculation results, the following
success factors are recommended to guide the roadmapping process, particularly
for the textile industry. With this experience, more case studies in other industries
can be performed and assessed to widen the applications of the proposed external
assessment model.
(1) Improve the effectiveness of technology forces
To connect market demands and technology innovation, and minimize their
gaps, the accuracy and effectiveness of technology forces in an ITRM is key. In
the preparation stage, qualified expert panels and research team should be
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formed, and the methodology should be clearly identified. In the roadmapping
stage, critical analysis of current and potential market demands as well as
technology development status is highly recommended, so that the goals and
technology can be mapped in the appropriate routine.
(2) Attach balanced importance to market and technology forces
Different readers may have different needs and expectations in an ITRM.
Unlike technology roadmap for corporates, it is not advisable that an ITRM only
focuses on some perspectives to satisfy a specific group of readers, since the
main task of an ITRM is to better match market demands and technology
development. Only in-depth understanding and reasonable prediction of all
relevant attributes in both perspectives can produce a successful ITRM.
Therefore, it is recommended to attach balanced importance to market and
technology forces.
(3) Multi-organizational background
Experts from different geographical and professional backgrounds can
have different strengths and contributions to a roadmap. Inviting renowned
experts in academia, industry, and governmental department worldwide to
establish expert panels is recommended. Methods such as expert forums,
workshops, interviews, and questionnaires are also recommended to generate
ideas from the experts.

4.6 Conclusion
To systematically assess an ITRM, internal assessment on content quality
and external assessment on actual performance are two main components. The
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concept and measurement of overall performance and external deficiency, and
complementary parts to content quality and internal deficiency, may significantly
contribute to the quantitative assessment of roadmaps.
The essence of the external assessment model is the measurement of actual
performances of the target industry connecting original contents of an ITRM. To
maximize the effectiveness and accuracy of an ITRM, the creation methods and
processes of the ITRM should be kept active and improved by actual
performance assessment dated back to the publication time. The findings of this
chapter can help practitioners to develop an effective ITRM with awareness of
the effectiveness and accuracy of actual industrial development, complementary
to guidelines and knowledge framework in the previous chapter.
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Chapter 5 Relationship between Internal Quality and External
Performance

The internal assessment model for content quality and the external
assessment model for actual performance are proposed and applied to assess four
global ITRMs in Chapters 3 and 4, respectively. Through the external model,
actual data for different indicators were collected from published databases and
used to validate the experts’ rating in the internal model. In this chapter, the
relationship between internal content quality and external actual performance is
investigated for further validation of the assessment models proposed in Chapter
3 and 4.
That a relationship exists between internal quality and external performance
is hypothesized. To test the hypothesis, the correlations between internal quality
and external performance of the four global textile ITRMs are examined using a
path diagram (Fig. 5.1). Using the results as basis, the success factors for an
ITRM are summarized. To provide effective guidelines for future ITRM
assessment, flowcharts for internal and external assessments are provided in this
chapter.

5.1 Relationship Investigation
Fig. 5.1 shows the path diagram for correlations between all the key
attributes and overall measures of internal quality and external performance of an
ITRM.
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Fig. 5.1 Path diagram for correlation analysis

The internal quality of the four textile ITRMs includes eight key attributes
(Q1-Q8), calculated market force quality (QMF), technology force quality (QTF),
overall internal quality (QO), internal deficiency (DI), and relative internal
deficiency (DRI). The corresponding external performances comprise seven key
attributes (P1-P7), calculated market force performance (PMF), technology force
performance (PTF), overall external performance (PO), external deficiency (DE),
and relative external deficiency (DRE). These two sets of variables are correlated
using SPSS Statistics version 20.

5.2 Results
The results show statistically significant linear relationships between several
variables of internal quality and external performance. The meaningful
relationships between the quality of key attributes and technology forces and
overall quality are discussed in the following subsections.

5.2.1 Relationship between the quality of industrial goals and overall
performance
Among the eight key attributes, the quality score of industrial goals (Q5)
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correlates with the overall performance (PO) at a 0.01 significant level as shown
in Fig. 5.2.

Fig. 5.2 Relationship between Q5 and PO

Figure 5.2 shows a strong positive linear correlation between the quality of
industrial goals and the overall performance of the ITRMs. The value of the
coefficient of determination R2 is 0.9976, that is, 99.76% of the total variation in
PO. Better content quality of industrial goals translates to better actual
performance, which indicates that an ITRM can give better guidance for the
industry development if its industrial goals have been well identified. Developing
the qualified contents of industrial goals requires success in various aspects, such
as updated knowledge of the current status and potential demands of markets as
well as the current, required, and possible development of technology and
innovation. High-quality industrial goals cannot be developed without
appropriate methods, renowned expert panels, qualified research team, and
reliable data sources.
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5.2.2 Effects of the quality of technology forces
5.2.2.1 Relationship between quality of technology forces and performance
Fig.5.3 shows that the value of the coefficient of determination R2 is 0.7556
and reveals a positive correlation between the performance scores of technology
forces (PTF) and corresponding content quality scores (QTF) of the four ITRMs.
Better content quality of technological forces results in better performance of
technology forces. The result indicates that an ITRM with high-quality contents
of technology-force-related attributes, including supply chain, innovation chain,
industrial goals and key technology, can provide better guidance to the future
technology development for the industry.

Fig. 5.3 Relationship between QTF and PTF

5.2.2.1 Relationship between quality of technology forces and external
deficiency
Figs. 5.4 and 5.5 show that the quality score of technology forces (Q TF)
correlates to the external deficiency (DE) and the relative external deficiency
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(DRE) at 0.05 significance level.

Fig. 5.4 Relationship between QTF and DE

Fig. 5.5 Relationship between QTF and DRE

Figs. 5.4 and 5.5 show that the quality of technology forces (Q TF) exhibits
strong negative linear correlations with external deficiency (DE) and relative
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external deficiency (DRE), because the values of coefficient of determination R2
are over 0.92. This finding reveals that the content quality of technology forces
plays an important role in the deficiency of performances between market and
technology forces. Considering the trend in Fig. 5.3, an ITRM with high-contentquality technology forces can achieve good performance in technology forces
and lessen external deficiency.

5.2.3 Relationship between overall quality and external deficiency
Fig. 5.6 shows the relationship between the overall quality and external
deficiencies of the four textile ITRMs, and Fig. 5.7 shows the relationship
between overall quality and relative external deficiencies.

Fig. 5.6 Relationship between QO and DE
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Fig. 5.7 Relationship between QO and DRE

Figs. 5.6 and 5.7 demonstrate that both external deficiencies and relative
external deficiencies have strong negative linear correlations with overall quality.
An ITRM with better content quality has smaller relative deficiency of
performances between market and technology forces. These two figures indicate
that an ITRM can give more balanced guidance for both market and technology
development of the industry, if the roadmap’s overall contents have been well
developed.

5.2.4 Discussion
Using the data of the four global textile ITRMs, the results of correlation
analysis supports the hypothesis. Correlations exist between Q5 and PO, QTF and
PTF, QTF and DE, QTF and DRE, QO and DE, and QO and DRE. The results imply
that the internal quality and external performance of an ITRM are interrelated,
and both internal and external assessment models are applicable. Studying cases
in different industries is recommended to verify the relationship between the
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internal quality and external performance of an ITRM.

5.3 Success Factors for ITRM
On the basis of the findings of Chapters 3 to 5, Fig. 5.8 summarizes the
success factors for ITRM, especially for the textile industry, as recommendations
for future practitioners.

Fig. 5.8 Summarized success factors for ITRM

5.4 Guidelines for ITRM Assessment
The newly proposed internal and external assessment models are confirmed
applicable for ITRM assessment in Chapters 3 to 5. For future applications, the
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process flowcharts for internal and external assessments are plotted in Figs. 5.9
and 5.10.
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Fig. 5.9 Flowchart for internal quality assessment of ITRMs
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Fig. 5.10 Flowchart for external performance assessment of ITRMs
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Fig. 5.9 shows that internal quality assessment includes two main stages—
content analysis and quality measurement. In the first stage, the research question
relating to internal quality is proposed, and the unit of analysis is selected (the ITRM
for assessment). If only one ITRM will be assessed, then, it is the unit of analysis. If
more than one ITRM will be assessed, then the ITRMs will have different units of
analysis. According to the units of analysis determined, the coding scheme is
developed, and rubrics and rater invitations are prepared for measurement. With the
coding scheme and rubrics, invited raters score all the ITRMs. The following step is
to check the reliability of the collected scores. If the reliability of scores is
acceptable, then the second stage—quality measurement—can be conducted. The
collected rating scores are transferred to ranks, and the quality score of each key
attribute (Qi) is calculated. Using the provided formulas, the quality scores of market
forces (QMF) and technology forces (QTF) are calculated for internal deficiency (DI)
and relative internal deficiency (DRI). The overall quality score is also calculated.
With all these results, the internal quality of the investigated ITRM is discussed.
Fig. 5.10 illustrates the processes of external performance assessment of ITRMs.
Based on the investigated ITRM, the first step is to select the assessment indicators
using the rule of data availability. The second step is to collect original prediction for
each indicator. The third step is to collect actual data for each indicator from relevant
databases. Using the collected data, the normalized result of the data in different
units (x) and change (C) are derived to judge the changing trends of actual data in
the investigated period. The fourth step is to check the conformance between
original prediction and actual data, and 1 or 0 is given to each key attribute as
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performance scores (Pi). Using the provided formulas, performance scores of market
forces (PMF) and technology forces (PTF) are calculated for external deficiency (DE)
and relative external deficiency (DRE). The overall performance score is also
calculated. With all these results, the external performance of the investigated ITRM
is discussed.

5.5 Conclusion
The relationship investigation of the four textile ITRMs indicates that the
internal content quality correlates with the prediction accuracy of external
performances. The validation in this chapter and the actual data calculation in
Chapter 4 provide evidences to prove that the internal model is appropriate and
scientific for ITRM’s content quality assessment. Therefore, the internal assessment
model can be also used as the guidelines for content development of an effective
ITRM; while the external assessment model can be used for both rolling revision
and effectiveness check. The success factors of ITRM, especially for the textile
industry, and the detailed guidelines for ITRM assessment have also been
summarized for future practitioners.
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Chapter 6 Development of the Advanced Textile ITRM in the UK

The internal and external assessment models were proposed, along with the
theoretical framework, assessment methods, and measurements of content quality
and actual performance in Chapters 3 and 4, respectively. To verify the feasibility of
the two models, four ITRMs in the textile industry were assessed as case studies, and
relevant success factors were recommended. Based on the results, Chapter 5
establishes the relationship between internal quality and external performance of an
ITRM.
In this chapter, the ongoing development of the UK advanced textile ITRM is
assessed also on the basis of the newly developed internal assessment model to
predict its content quality. Suggestions for necessary improvements, an integrated
ITRM for the UK textiles and an individual ITRM for the biomedical textile sector
are developed by the author as a member of this UK roadmap research team.

6.1 Development Process of Advanced Textile ITRM in the UK

6.1.1 Background
The textile industry in the UK is under a period of resource reallocation and
technology upgrade for revival. Alliance Project, a non-profit organization based on
New Economy was established to support the repatriation of textile manufacture in
the UK. The following five reports were published on the current industrial status.


Repatriation of the Textile Industry to the UK (Allianceproject, 2014)
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The Revival of the UK Textiles Industry (Allianceproject, 2015a)



Research

and

Development

and

Innovation

in

UK

Textiles

(Allianceproject, 2015b)


Toward a strategy for UK textiles innovation (Allianceproject, 2015c)



Coming Back? Capability & Precarity in UK Textiles & Apparel (Froud et
al., 2017)

To inject new energy to this traditional industry, a strategic plan was needed to
re-allocate and re-integrate existing resources.
Commissioned by Lord David Alliance and the Greater Manchester Combined
Authority with the support of Government through BIS (Economy, 2015), the
Alliance Project team invited academic experts in textile science and engineering
from the School of Materials in the University of Manchester to develop an ITRM
for the advanced textile industry.
In the preliminary period, the Alliance Project team conducted surveys and
individual case studies on UK textile firms. A research team, including academic
experts from the University of Manchester as well as the team members of the
Alliance Project, was established for the roadmapping. The development process is
discussed in the following subsection.

6.1.2 Development process
Fig. 6.1 illustrates the flowchart of the development processes of the UK
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advanced textile ITRM. The flowchart depicts a scenario of strategic planning and
roadmapping for the development of the UK advanced textile industry, with the aim
of minimizing the deficiency between future market demands and technology
innovation development.

Fig. 6.1 Flowchart of the development process of the UK advanced textile ITRM

The development consists of two main periods—preliminary period by the
Alliance Project team and roadmapping period by the joint research team of the
Alliance Project and University of Manchester.
In the preliminary period, the Alliance Project team conducted an industrial
status research on the advanced textile manufacturing in the UK. A database of more
than two thousand companies in the advanced textile sector from different areas in
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the UK was established. Ninety-four textile-related companies was formed an
industrial founded panel. Industrial experts, such as R&D directors and managers of
the founded panel, were invited to participate in a survey and provide professional
ideas from the views of market and industry development. Moreover, several case
studies on local textile brands were conducted (Allianceproject, 2014),so as to
address the existing problems (Allianceproject, 2015a). Based on these activities, a
report about the R&D of the textile manufacturing was drafted (Allianceproject,
2015b).
With the collected data and summarized report, a joint research team of the
Alliance Project and University of Manchester was formed to develop an ITRM for
the UK advanced textile industry. The roadmapping period included two stages. In
the first stage, industrial status was analyzed based on the drafted report produced in
the preliminary period as well as the secondary data collected from the existing
literature. The methodology of technology roadmapping was confirmed by the joint
research team. A summary report of the status of the UK advanced textile industry
was produced.
In the second stage, the newly-produced report was refined by the academic
expert panel formed in the School of Materials of the University of Manchester.
Discussions and small-scale forums were organized for decision making and
technology roadmapping by the expert panel. An ITRM was developed for the UK
advanced textile industry by the joint research team.
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6.2 Internal Assessment of the UK Advanced Textile ITRM
During a visit to the University of Manchester and participation in the
roadmapping team for four months, the newly-developed internal assessment model
was applied to assess the quality of the existing contents and new contents were
developed for the attribute yet accomplished. The results were published in a paper
“Current status of the UK textile industry and its sustainable development” (Li et al.,
2016). First-hand data analysis of the UK textile industry was used to supplement
the existing reports by the Alliance Project team to recommend a methodology for
roadmapping and develop an ITRM for the UK advanced textile industry.
The assessment and development process of the UK advanced textile ITRM was
recorded against the eight key attributes depicted in Figure 3.1, including internal
legitimacy, value chain, supply and innovation chains, industrial goals, key
technology, and macro and micro environment.

6.2.1 Internal legitimacy
6.2.1.1 Methodology
Technology roadmaps created a full image of near future development with clear
key areas, important breakthrough projects, and resource flow. This image would be
an effective and scientific method for industrial medium- or long-term targets,
especially for those in the survival and leaping stages (Li et al., 2016). Based on
previous studies (Li et al., 2013b; Li et al., 2010d), industry technology
roadmapping was adopted. To make decisions for the roadmapping, industrial
surveys, case study, expert forums, and integrated analysis were conducted with the
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use of the Delphi method, brainstorming, SWOT analysis, and radar and bar charts
(Li et al., 2016).

6.2.1.2 Expert panel
Managing and R&D directors in the 94 British founded companies for the
Alliance Project were invited as the industrial expert panel. Academic professors and
staff from the School of Materials in the University of Manchester were invited as
the academic expert panel.

6.2.1.3 Research team
During the period when the author was a member of the joint research team for
the technology roadmapping process established by the Alliance Project team and a
group of academic experts from the School of Materials in the University of
Manchester from August to December in 2015, the attributes of ITRM were assessed
using the internal assessment model.

6.2.2 Industry value chain
Using keywords such as “value,” “price,” and “cost,” a content review of the
five reports listed in Section 6.1.1 was conducted. A table of alignment of conditions
for sustainable cost recovery listed the positive capabilities of productive and
marketing sets, with limited exposure to price-based competition and/or secured low
cost producer status and higher prices, respectively. The negative capabilities were
higher prices with weak margins and low end precarity with price competition
(Froud et al., 2017, p. 24). The UK sector cannot compete only on price due to the
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high manufacturing cost. Manufacturers have, therefore, differentiated their products
by competing on “delivery times, nearness to market and flexible production
systems” (Froud et al., 2017, p. 54).
However, the value chain of the UK advanced textile industry had yet to be well
studied. A survey was suggested to collect the costs and profits of different firms
within different sectors in the UK, such as raw materials, textile processing, dying
and functional treatment, design, garment or final product manufacturing, and
marketing and sales. With the Alliance Project’s database of more than two thousand
firms, the added value of each sector and integrated value chain status of the
industry could be revealed with actual statistical support.

6.2.3 Industry supply chain
The general status of the supply chain for the UK advanced textile industry and
many cases had been well presented. An industrial district was proposed for the
firms that are always embedded in certain kinds of environment through multiple
links. Co-location in firm clusters may be a striking exception. However, given the
limits on vertical integration, most firms are embedded in local or global supply
chains which link the providers of goods and services—from raw to processed
materials and finished goods—from upstream to downstream customers (Froud et
al., 2017, p. 25).
The author conducted an analysis on the geographical distribution of UK
advanced textile firms in the abovementioned database of more than 2000 firms
because the contents of the five reports of industry value/supply chain were
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descriptive and very general. The analysis was done as a part of the Alliance Project
(shown in Figs. 6.2 and 6.3). Fig. 6.2 shows that in terms of geographical
distribution, Great Manchester, Leicestershire, and West Yorkshire were the top three
areas with most companies in advanced textiles in the UK. Fig. 6.3 shows that the
UK advanced textile companies concentrated upon materials—non-woven and
converting as well as materials—coating and laminating, bonding, print, dye, and
finish.

Fig. 6.2 Geographical distribution of UK advanced textile firms
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Fig. 6.3 Category distribution of UK advanced textile firms

6.2.4 Industry innovation chain
The innovation chain had not been well analyzed in the five reports by the
Alliance Project team. Based on filed patents and SCI index paper publication, the
author analyzed the global and UK domestic textile innovation chain. Through
SCIFinder, the joint research team selected Textile and/or Clothing as keywords to
search for relevant patents in English from 2000 to 2015. Fig. 6.4 illustrates that the
US, the UK, and Italy are the top three countries possessing the largest number of
patents published in English in these 15 years. A total of 1366 US, 160 British, and
135 Italian patents were identified. However, data did not include patents in other
languages, such as Japanese. A growing number of patents published in Chinese
were also found because the innovation strength of the Chinese textile industry had
been increasing due to its domestic industrial upgrade and good performance in
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textile innovation.

Fig. 6.4 Geographical distribution of searched patents in English (2000–2015)

Fig. 6.5 presents the number of textile and clothing patents in the UK by year,
which provides a picture of the industrial performance in the textile innovation
chain. In terms of filed patent, 2002–2011 were prosperous ten years for technology
and innovation development in the UK textile industry. The number sharply
decreased from 2011 to 2015, which was the boom of technical textile in the whole
world. The UK textile industry missed the chance to be one of the top countries for
technical textiles. Such case was due to its traditional development pattern and
overwhelming reliance on micro-scale or family firms. Upgrading its core
competitiveness and developing novel products should be the nation’s main
concerns.
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Fig. 6.5 Patent count by publication year in the UK

Fig. 6.6 shows that Unilever Plc, holding 52 patents, is listed at the top followed
by P2i Ltd. and the Secretary of State for Defense. Obviously, the Unilever Group
was playing a dominant position in textile innovation in the UK.
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Fig. 6.6 Patent count by organization in the UK

By searching from the Web of Science, the countries of origin of the SCI
indexed papers with keywords, namely, Textile and/or Clothing from 2000 to 2015
are presented in Fig. 6.7. Academia in the US published 7478 papers and is ranked
the top of the world, followed by those in China with 6930 papers. The UK,
Germany, and India are listed at the third to fifth places, with 2843, 2575, and 2531
papers, respectively. The number of SCI papers published by Chinese organizations
was close to that of the US and far more than those of other countries. The reason is
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probably that the SCI index paper publication was important in Chinese academic
areas in recent years. The textile industry’s technology and innovation have rapidly
and vigorously developed because of industrial upgrade. The UK ranked third but
only by a little more than one-third of that in the US. India is a developing country
that performed outstandingly in this field, which might be the result of the
development of Indian domestic biomedical textiles. In addition, Turkey, Japan, and
South Korea also had great performance in the SCI paper publication.

Fig. 6.7 Geographical distribution of searched SCI paper (2000–2015)

Fig. 6.8 shows the number of SCI paper publication by the UK textile academia
by year. From 2000 to 2014, the number of publication was increasing yearly,
especially from 2012 to 2014. However, data for 2015 are still being updated.
Fig. 6.9 shows that the material science and textile engineering research areas
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were listed as the top two strengths of the UK academia. Fig. 6.10 indicates that
University of Manchester, University of Nottingham and University of Southampton
are the top three universities with the most number of publications of updated
innovation in textiles.

Fig. 6.8 SCI paper count by publication year in the UK
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Fig. 6.9 SCI paper count by research area in the UK

Fig. 6.10 SCI paper count by publication organization in the UK
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Four rapidly developing firms of advanced smart textiles were analyzed in
anonyms. Table 6.1 provides the general information and geographical locations.
Table 6.1 General information on four anonymous firms of smart textiles

Size

Micro

UK sector and
number

Alliance
project sector
and number

Main product

Category

13990 Manufacture of
other textiles n.e.c.

10 OTH: Not
elsewhere
classified

Manufacture of
smart garment
technology

Smartex
Clothingtex

Manufacture of
heated gloves

Smartex
Clothingtex

13100 01 TEC: Spinning, Knitting, dyeing
E07000117 Preparation and
Lancashire
Weaving, Knitted and finishing of
Burnley spinning of textile
cloth
textiles.
fibres

Smartex
Clothingtex
Material
nonwovens
&
converting

Area

Location

Greater E08000003
Manchester Manchester

14190 07 CMT: Clothing
Manufacture of
Greater E08000003
and apparel —
Micro
other wearing
Manchester Manchester
Underwear &
apparel and
Outerwear
accessories n.e.c.

Small

Greater E08000007
Micro
Manchester Stockport

14131 Manufacture of
other men's
outerwear

07 CMT: Clothing
and apparel —
Bluetooth clothing
Underwear &
Outerwear

Smartex

Based on the assessment of the value, supply and innovation chains for the UK
advanced textile industry, a SWOT analysis was developed as shown in Table 6.2.
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Table 6.2 SWOT analysis of the UK Textile Industry
STRENGTH (S)
Internal Factors

External Factors

1. Solid traditional textile and clothing
industrial foundation
2. Advanced technology and innovation
3. Strong educational resources
4. High quality and reputation products
5. Famous fashion brands
6. Innovative development of performance
apparels

WEAKNESS (W)

1. Fragmented supply chains
2. Small-scale companies
3. Insufficient labor force
4. Shortage of professionals
5. Aging and weak infrastructure
6. Lack of international marketing strategies
7. Inconvenient financial transfer
8. Lack of technology platform
9. E-business

OPPORTUNITIES (O)

SO STRATEGY

WO STRATEGY

1. Rapid market expansion within the world
2. Continuous development of technology
3. Opportunities in E-commerce
4. Development of E-based manufacturing
and supply chain management
5. Development of E-finance
6. Development of technical textiles
7. Increase of health care du tot global
population aging

Upgrade internal strength and exploit external
opportunities
1. Increase core competence of traditional
techniques/processing
2. Develop functional products with high added
value
3. Develop industry and university cluster
innovations
4. Exploit international markets
5. Brand management and strategic marketing
6. Participate in establishment of global
industrial standards

Exploit external opportunities to overcome internal
weakness
1. Establish database for global cooperation in supply
chains
2. Develop industrial clusters
3. Introduce new positions in novel textile industry
employments
4. Introduce updated worldwide information to the
industry
5. Set up public technology service platforms to
integrate different sectors in the new supply chains
6. Add new-trend areas into traditional textiles &
clothing educations

THREATS (T)

ST STRATEGY

WT STRATEGY
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1. Traditional raw materials shortage and
price increase
2. Competitions in novel materials
3. Competitions in functional and
innovative design
2. Increase of labor cost
3. Carbon emission control
4. Rapid development of developing
countries
5. Impacts of E-business on traditional
store-shopping mode
6. Globalization

Take advantage of internal strength and solve
external threats
1. Research on functional materials
2. Research on fashion and function design
3. Research on carbon footprint and develop
low-carbon economy
4. Attract high level professionals
5. Promote E-Fashion business
6. Establish market entrance standards for
online products
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Improve internal weakness and reduce external threat
impact
1. Set up the UK special style in strong sectors in
industrial chains
2. Large company leading or small-scale company
alliance modes in innovation research
3. Establish training bases for technicians and
management talents
4. Rebuild industrial image of textiles in domestic
economy
5. Upgrade domestic infrastructure
6. Renew global marketing strategies

6.2.5 Industrial goals
6.2.5.1 Industrial gap
The industrial gap was the stark difference in labor cost between the UK and
new industrializing countries. More than 80% of the UK’s annual consumption of
clothing and textile products is manufactured abroad. A strong shift to micro firms
occurred, associated with a sharp decline in average firm size and the exit of
medium and large firms. Therefore, the industry is in a vicious cycle of old
equipment and poor capacity utilization and the supply chain is fragmented (Froud et
al., 2017, p. 24; Li et al., 2016).

6.2.5.2 Research areas
The following 13 research areas were identified by the (Allianceproject,
2015b, p. 3):


Agritex (textile products for the protection of agriculture, forestry,
horticulture, and landscapes)



Buildtex (innovative textiles for construction and architecture)



Geotex (road construction, civil engineering, dam and waste site
construction, coastal protection)



Oeko-tex (products for environmental protection, waste minimization,
and sustainable materials)



Indutex (products for mechanical engineering and chemical and
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electrical industries)


Mobiltex (textiles for aerospace and automotive, railway, space, and
marine applications)



Novel materials (composite 3D materials, novel fibers and yarns)



Clothtex (innovation in shoe & clothing manufacture, and digital
fashion)



Smart eTextiles (garments: combining textiles with a whole technology
ecosystem)



Hometex (innovation in furniture, upholstery, floor coverings, and
carpets)



Packtex (innovation in product packaging)



Protex (innovation in personal and property protection)



Medtex (innovation in medical and hygiene products, and industrial
biotechnology)

6.2.5.3 Development strategy
Eight development strategies proposed were proposed (Allianceproject, 2015c,
p. 19):
• Increased take-up of innovation support & increased rates of business
innovation in SMEs
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• More and better IP for UK companies
• More effective engagement between SMEs and higher education/research
support
• Increased investment into key regions and across the sector
• Increased profile of the UK sector on the international stage
• Increased numbers of SMEs entering new international markets
• Stronger and more sustainable supply chains across the sector
• Creation of seamless skill provision from school to post-doctoral research

6.2.5.4 Key projects
Table 6.2 shows that 31 projects in eight research areas were proposed
(Allianceproject, 2015c). However, only general ideas of the projects were
mentioned. Specific project titles are recommended to make the industrial goals
clear.
Table 6.2 Projects proposed by the Alliance Project Team

Research areas

Agri-textiles, Buildtex
and Geotextiles

Oekotex and Energytextiles

Project ideas
Crop cover and capillary matting
Roofing and roof scrims
Awnings, canopies, scaffold wrap
Reinforcements
Ground linings
Garments recycling
Wearable technology
Woven fabrics
Extending lifetime of fibers
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Indutex

Mobiltex

Clothing-tex, Smart
Textiles and Garments,
Sportex, Hometex

Packtex
Protex

Medtex

Industrial filters and coated fabrics
Drive and conveyor belting, webs
Hose and gaskets
Abrasives
Vehicle, marine, aircraft, rail (exterior components, interior
cabin, interior engine)
Healthcare/Medical/Fitness
Automotive/Aerospace
Protective/PPE/Military
Interior textiles/Homewares
Garment technologies
Colouration, dyeing, and finishing
Intelligent floorings
Novel duvet and mattress fillings
Woven sacks
Netted sacks
Ballistics
Fire services
General consumer (sports)
Wound care/prevention
Prosthetics, body parts
Clothing and protectives
Auxetic materials

6.2.6 Key technology
6.2.6.1 Technology barrier
The technology barriers had been well analyzed in the Alliance Project reports.
As stated, UK advanced textile manufacturing industry had its strength, such as solid
traditional textile foundation and strong academic resources. However, it also had
technological barriers to its growth, namely, fragile supply chain, outdated
infrastructure, shortage of professionals, lack of technology collaboration platform,
lack of e-business and financial transfer technology (Allianceproject, 2014, 2015a,
2015c; Froud et al., 2017).
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6.2.6.2 Objectives of technology
The key objective of technology is to reshore and rebuild a sustainable textile
industry in the UK (Allianceproject, 2014, 2015a). It aims to explore the viability of
growth in parts of the UK textile industry, opportunities that can be supported, and
how inhibitors can be overcome.

6.2.6.3 Current status of technology
Table 6.3 summarizes the ongoing projects in different research areas by
academic research institutes (Allianceproject, 2015b). However, the specific status
of relevant technology had not been further analyzed. The technology status of the
industry, especially that of large-scale firms, should be also investigated.
Table 6.3 Ongoing projects by academic research institutes

Research
areas
Agritextiles,
Buildtex
and Geotextiles

Research institute
University of Bristol
Leeds Metropolitan
University
University of Manchester
University of Leeds
University of Newcastle
University of Manchester

University of Leeds
(NIRI)
Oekotex
University of
and EnergyHuddersfield

textiles

University of Swansea
University of
Southampton

Indutex

Imperial College London

Projects
Fiber reinforced soils and geotechnical systems
Geotechnics and environmental technologies,
vegetable fiber geotextiles
Nonwovens and geotextiles, fiber and fabric
mechanics and interactions
High performance textiles for geotechnical
engineering and geotextiles
Geotechnics and building structures—
architectural textiles, soil modelling
Sustainable textile materials, composition and
dynamics of plant cellulose fibers
Nonwovens Institute: disassembly, waterless
washing, and automotive recycling
Centre for Textile Thinking: sustainable textiles
design, post-consumer waste, etc.
Heat, water, PV and bio-inspiration surface
treatment (including textiles)
Energy harvesting materials for smart fabrics and
interactive textiles
Development of new membrane filters with
UoM, UoBath, UoNewcastle
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University of Bath

MAST Carbon Technologies: solvent recovery
filter systems

University of Leeds

NIRI automotive fibers, recycling, etc.

Multifunctional composites, novel
microstructures, material mechanics, etc
Advanced Composites Manufacturing Centre
University of Plymouth
sustainable fiber composites
Fiber and fabric mechanics and National
University of Manchester
Composites Evaluation Facility
University of Bristol
Multifunctional composites, novel
(ACCIS)
microstructures, auxetics, mechanics, etc.
Novel
Macromolecular Materials Laboratories: material
Materials,
University of Cambridge
strength and conductivity
Composites,
Innovative Manufacturing Centre in Composites:
and Fibers University of Nottingham modelling tools
University of Leeds
NIRI disassembly, recycling, etc.
Woven 3D carbon fiber structures/axis
University of Ulster
composites spin-out
Nottingham Trent
Embedded electronics in yarns, garment and
University
fabric sensors, textile switches, etc
University of Wales,
Smart Clothes and Wearable Technology
Newport
Research Centre—clothing systems
Manchester Metropolitan Performance sportswear fabrics, pressure sensors
Uni.
and wearable monitors
Colour imaging, textile colouration, graphics and
University of Leeds
appearance
ClothingUniversity of the Arts
Designer Innovation Support Centre—production
tex, Smart
London
sourcing manufacturing
Textiles and Huddersfield Centre of
Signature DNA within yarn and fabrics, interior
Excellence
textiles, and branded apparel
Garments,
University of
Advanced electronic components (e.g.,
Sportex,
Southampton
microcontrollers) within textile yarns
Hometex
Garment technology, flattening and sorting
University of Glasgow
through robotics (Dextrous Blue)
Wearable light emitting transistors for future
University of Exeter
communication devices
University of
Wearable smart garments, functional antennas
Loughborough
and associated electronics
Heriot Watt University
Research Institute for Flexible Materials.
(RIfFM)
Clothing technology and manufacturing
Garment technology, flattening and sorting
University of Glasgow
through robotics (Dextrous Blue)
University of Leeds
Nonwoven product packaging research and
(NIRI Ltd)
automotive sector product insulation
Packtex
University of
Biodegradable packaging—(bio)polymer
Loughborough
weathering and degradation
Edinburgh Napier
Extracting and refining bio-cell components to
University
new bio-polymer based materials

Mobiltex

University of Bristol
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University of Manchester
University of Cranfield

Protex

Medtex

University of Bolton
(IMRI)
University of
Huddersfield
University of Bolton
(IMRI)
University of Leeds
(CCTMIH)
University of Manchester

Engineered textiles and composites—
ballistics/personal protection clothing
Material and textiles armour group—
survivability and forensic textile sciences
Fire retardancy and heat management
Armour Research Institute—forensic and
material science
Medical devices and auxetic materials, antimicrobial textile treatments
Biotechnological modification of textiles,
filtration and textile surface chemistry
Biomaterials and high performance technical
textiles

6.2.6.4 Key technologies in short, medium, and long terms
Based on the discussions in the meeting of the joint research team as well as the
expert forums, key technologies of medical textiles, smart textiles, and e-fashion to
develop in the short, medium and long-terms were developed, respectively.
The template of key technology development in the short- to long-terms was
developed by the author as a joint research member from the University of
Manchester. As discussed in the expert forums, multiple disciplines are involved in
medical and smart textiles and e-fashion. The supply chain infrastructure and IT
platform were considered as the fundamental areas for industrial development. Figs.
6.11 to 6.13 show that supporting supply chain infrastructure, such as laboratories
and facilities for product innovation, is placed on the first layer on the pyramid
framework. On the second layer, IT platforms, such as cloud material database and
computational modelling and simulation technology, were proposed as key
technologies to develop. Key technologies for short-, medium-, and long-term
innovation have also been proposed for medical and smart textiles and e-fashion.
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Fig. 6.11 Key technology of medical textile development in short to long terms
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Fig. 6.12 Key technology of smart textile development in short to long terms
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Fig. 6.13 Key technology of e-fashion development in short to long terms

The template of time lines was adopted based on the suggestions of the Alliance
Project team, as shown in Figs. 6.14 to 6.16. The horizontal axis represents the time
lines of technical challenges being fully addressed for the proposed key technologies
while the vertical axis represents those of the fully entering market of the proposed
key technologies.
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FULL MARKET TIME HORIZON (YEARS)

2025

a
b
n

l

2020

f
e

2015

d

a

c

Key laboratory for medical
textiles testing and evaluation

d

Training center for medical
textile manufacturing and
quality control

e

Cloud material database for
medical textiles

g

k
h

c

f

m

h

j

i

i

Key laboratory for medical
textile product innovation with
manufacturing facilities
Key laboratory for medical
textiles manufacturing
technology innovation

Cloud product and patients
database for medical textile
industrial supply chains
Cloud computational modeling
and simulation technology for
medical textiles
Surgical-wear, sterile
packaging, gowns, drapes,
surgical cloths
Impregnated bandages and
dressings with anti-bacterial
treatments

b

j

Antimicrobial treatments of
textiles for infection prevention

g

k

Scaffolds for Tissue Engineering

l

Artificial Organs and Implants

2020

2025

TECHNICAL CHALLENGES FULLY ADDRESSED (YEARS)

m

Biomedical textiles as drug
carriers

n

Big-data for medical homecare
to detect the onset of disease
and manage disease

Fig. 6.14 Time lines for medical textile development
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Key laboratory for smart textiles
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Training center for smart textile
manufacturing and quality
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e

Cloud material database for
smart textiles
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Key laboratory for smart textile
product innovation with
manufacturing facilities
Key laboratory for smart textiles
manufacturing technology
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Fig. 6.15 Time lines for smart textile development
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Cloud product and company
database for smart textile
industrial supply chains
Cloud computational modeling
and simulation technology for
smart textiles
Activity tracking devices, body
monitoring, sports science and
medicine
Smart carpet for monitoring and
security
Performance sportswear fabrics,
pressure sensors and wearable
monitors
Embedded electronics in yarns,
garment & fabric sensors,
textile switches
Navigation and tracking, heat
management and biometrics
Body sensors in vehicle
upholstery
Wearable light emitting
transistors for future
communication devices
Wearable smart garments,
functional antennas and
associated electronics
Integrated solar cells,
washables, garment robotics,
anti-counterfeiting

2025

FULL MARKET TIME HORIZON (YEARS)

m
l

a

Key laboratory for textile
product manufacturing
innovation with automatic

b

Key laboratory for textile edesign innovation

c

Key laboratory for textile efashion innovation

d

Designer innovation support
center

e

Cloud material database for
fashion textiles

2020

f
i

e

a

f

b

d

c

g

k

Cloud product and company
database for fashion textile
industrial supply chains
Cloud computational modeling
and simulation technology for
fashion textiles
Advanced body scanning,
clothing size and fit, and fashion
visualization

h

h

j

i

Computer simulation in garment
manufacturing

j

Mature e-commerce business
models for fashion

k

Advanced computer simulation
software design and application
for e-fashion

l

Robotic technology in garment
manufacturing

g

2015

2020

2025

TECHNICAL CHALLENGES FULLY ADDRESSED (YEARS)

m

Digital and virtual simulation
platforms for fashion textile
industrial chains

Fig. 6.16 Time lines for e-fashion development

6.2.7 Macro environment
6.2.7.1 Economic factors
The difficulty and opportunity for the UK textile industry under the macroeconomic environment were well presented in the newly published report. It stated
that textiles were not considered as “advanced manufacturing” and, therefore, they
found it difficult to receive support from the UK governmental department.
Nevertheless, recent interest was stirred, especially in Greater Manchester, on the
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extent to which textiles could be revived. This revival includes obtaining production
back from overseas, following certain excitement about the reshoring phenomenon
in the US (Froud et al., 2017, pp. 10-11). However, more information on the global
macro-economic status that can influence the development of the UK textiles is
recommended.

6.2.7.2 Societal challenges
The Alliance Project team has made a detailed analysis of societal challenges
based on the industry, labor force, and industrial clusters. In terms of clusters, the
main geographic concentrations included an area extending from Greater
Manchester to West Yorkshire and South Lancashire (which is centred upon
Rochdale, Oldham, Tameside and Kirklees) where textiles remain central to future
manufacturing ambitions (Allianceproject, 2015a, p. 21).

6.2.7.3 Environmental protection
The environmental problem of the UK textiles and its corresponding solutions
was reported. Textiles comprise around 3% of the 27 million tons of waste disposed
each year in the UK. Environmentally-friendly materials, such as bio-fibres,
recycling, bio-degradable, solar energy, and the sustainable use of natural resources
are proposed for enhanced environmental management (Allianceproject, 2015b, p.
5). However, added environmental protection issues, such as recycling, are
recommended for investigation.
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6.2.7.4 Raw materials
The Alliance Project team also revealed that 81% of the firms surveyed
experienced significant cost pressure from rising energy prices from 2013. The UK’s
weakness and strength were analyzed as “In an almost fully automated future
manufacturing era, the UK is in disadvantage due to relatively high land and energy
cost, but will likely benefit from a competitive advantage in terms of consumers’
better trust of its products than those from its near-shore competitors such as
Turkey” (Allianceproject, 2015a, pp. 50-51). However, the demand and supply of
raw materials for the textiles have yet to be investigated.

6.2.7.5 Political, cultural, and lifestyle phenomena
The cultural and lifestyle phenomena were also analyzed. Several British
interviewees expressed that repetitive factory work, such as machining, is considered
unattractive to potential recruits who prefer retailing and other sectors offering
similar levels of pay (Froud et al., 2017, p. 100). With different lifestyles, UK
consumer behaviours have changed in various aspects, such as preferring cheaper
imports offering more choices as well as improved value of products (Froud et al.,
2017, p. 84), shopping through online websites and mobile apps and adoring fast
fashion to keep up with the latest trends (Allianceproject, 2015a, p. 11). Based on
these latest trends, the Alliance Project team proposed that high-end and mid-market
apparel, fast fashion, luxury clothing and homeware products are strong areas for
repatriation (Allianceproject, 2015a, p. 11).
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6.2.7.6 Population
The influence of population development trend indicated that the worldwide
demand for textiles is forecasted to increase due to the growing global population
(Allianceproject, 2015a, p. 18). However, the aging population is recommended for
further analysis because the structure of the population can also influence the
demand for textile products.

6.2.8 Micro environment
6.2.8.1 Infrastructure
Outdated equipment in the textile industry was mentioned for a certain period.
However, funding to support the renewal of equipment and infrastructure is limited.
Certain innovative platforms, such as Community Clothing and Fashion Enter, were
introduced as experimental cases to make up for the limitation in industrial
infrastructure (Froud et al., 2017, p. 102). However, the demands and the
corresponding suggestions for infrastructure development are recommended for
further analysis.

6.2.8.2 Policy and agreement
The Alliance Project team has made satisfactory analysis of the policy and
agreement for the textile industry. The disadvantageous position of the UK textile
industry is that the May government’s new industrial strategy of 2017 focused on
‘world leading sectors of the future’ which, of course, excludes textiles and other
mundane activities (Froud et al., 2017, pp. 103-104). Therefore, formulating a
variety of policies based on the analysis of specifics that address sub-sectorial issues
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was proposed (Froud et al., 2017, p. 111).

6.2.8.3 Investment
The status of investment from the government and industry for the UK textile
was well analyzed. Certain sub-sectors of textiles claiming to be high tech and
innovative in an attempt to unlock state funding are expected. The granting of
government financial support through fund was politically important because
investment grants recognized the continued existence of the textile sector and
conceded that its activities had economic and social values (Froud et al., 2017, pp.
108-109).

6.2.8.3 Education and training
The status and demand for higher education and technical training for the UK
textiles were also well investigated. Results show that higher education is very
focused on fashion design, marketing, merchandising and retail (Froud et al., 2017,
p. 101). A number of industrial-founded centres, such as the Fashion Enter, were
introduced as providers of technical fashion modern apprenticeships in the UK
(Froud et al., 2017, p. 103).

6.3 Development of the ITRMs
Based on the collaboration of the joint research team, the author develops an
integrated, as well as individual, ITRM for the UK textile industry and biomedical
textile sector, respectively. Figs. 6.17 and 6.18 depict the ITRMs.
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Fig. 6.17 An integrated ITRM for the UK textile industry
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Fig. 6.18 An individual ITRM for the biomedical textile sector in the UK
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6.4 Conclusion
Using the internal quality assessment model proposed in Chapter 3, the
development process of UK advanced textile ITRM was described and assessed.
New suggestions were made by the author as an actual practitioner of ITRM
development. This chapter provides an illustration of the internal quality assessment
of an ITRM during the development process, especially for the textile industry.
Further case studies in different industries are highly recommended so as to improve
generality of use. Moreover, the assessment of the UK advanced textile ITRM from
the processes and contents may guide future practitioners in developing an effective
ITRM as a specific sample.
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Chapter 7 Conclusion

7.1 Summary of achievements
In this thesis, four existing textile ITRMs were assessed in terms of content
quality (internal assessment) and actual performance (external assessment) using
newly developed indices of quality and performance scores.
The first objective was fulfilled and the results were explained in Chapter 3. The
major achievements included the following:
a) An internal assessment model, along with methods, was established to
systematically assess the internal content quality of ITRMs.
b) A knowledge framework was built to present the intellectual
understanding of the relationship among different attributes of the content
quality.
c) Using quantitative parameters, the overall internal quality (QO), internal
deficiency (DI), and relative internal deficiency (RDI) were developed for the
internal quality measurement of ITRMs.
The proposed model and theoretical framework can contribute to the body of
literature with an original assessment system that uses quantitative method for the
internal content quality of ITRMs. This research opens a new chapter in the roadmap
quality assessment supplementary to roadmapping techniques.
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The research also fulfilled the second objective. Chapter 4 achieved the
following:
a) An external assessment model was established to systematically assess the
actual performances in terms of the conformance of the actual trends of
industrial development within the target period and the original predictions from
the ITRM.
b) A knowledge framework was generated to connect the different attributes
of external assessment with corresponding internal quality assessment.
c) Real data statistics of the overall performance (PO), external deficiency
(DE), and relative external deficiency (RDE) was applied to measure the actual
performance of ITRMs relative to that in the start year.
This chapter contributes to the original assessment system for evaluating the
actual performance of ITRMs, complementing the previous roadmap performance
assessment only by the judgments of concerned stakeholders.
The third objective was achieved through case studies and elaborated in both
Chapters 3 and 4 with the following achievements:
a) The proposed internal assessment model was successfully applied to four
textile ITRMs from different countries. Detailed measuring methods and steps
were demonstrated. A lack of systematic framework for the presentation of
ITRM contents was observed. Different organizations focused on distinct
attributes in the development of ITRMs. Data sources were important to the
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quality of information collection and analysis.
b) Using the proposed external assessment model, the same four roadmaps
were successfully evaluated based on the actual industrial statistics of their first
five years compared with the corresponding predictions from the ITRMs in
terms of their conformance levels. The original predictions of technology forces
in three out of four ITRMs were weaker than their predictions of market forces.
The overall performance scores and external deficiencies of ITRMs should
complement each other. The smaller deficiency of performances between market
and technology forces leads to a better overall performance of an ITRM.
Academic resources were useful for satisfactory predictions of technology
forces.
The four case studies confirmed the feasibility of the proposed internal and
external assessment models. The findings will be useful to future ITRM
development and assessment, especially for the textile industry.
The fourth objective was realized in Chapter 5 with the following achievements:
a) The relationship between internal quality and external performance was
investigated with the collected data of the same four ITRMs. The results showed
correlations between different variables, including the quality of industrial goals
(Q5) and overall performance (PO), the performance of technology forces (PTF)
and the content quality of technology forces (QTF), the quality of technology
forces (QTF) and external deficiency (DE), the quality of technology forces (QTF)
and relative external deficiency (DRE), overall quality (QO) and external
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deficiency (DE), and overall quality (QO) and relative external deficiency (DRE).
b) Integrated guidelines for ITRM assessment were illustrated in the
flowcharts.
This chapter integrated the internal and external assessment models to a system
for ITRM assessment on both content and performance. The system provides the
possibility to predict an ITRM’s external performance by internal quality
assessment. This research facilitates the necessary improvements for developing
technology roadmapping.
In achieving the fifth objective, the success factors revealed in Chapters 3, 4, and
5 included the following:
a) Suitable methodology of industry technology roadmapping
b) Multi-organizational backgrounds for ITRM research team and expert panels
c) Systematic presentation of ITRM contents
d) Balanced contents for market and technology forces
e) Appropriate databases for information collection
f) Effectiveness of technology forces
g) Effectiveness of industrial goals
These success factors were generated from the practical assessment of actual
cases, instead of subjective judgments or roadmapping experiences in the existing
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literature.
The sixth objective was fulfilled in Chapter 6 with the following achievements:
a) The development of the UK advanced textile ITRM, a lately developed
roadmap, was assessed using the internal assessment model. The author, as a
practitioner in that ITRM development team, made new suggestions.
b) An integrated ITRM for the UK textile industry was developed.
This chapter shows an example of implementing the internal quality assessment
of an ITRM during development. The example may guide future practitioners in
developing an effective ITRM, especially for the textile industry.

7.2 Limitations and future work
Only four textile ITRMs were available for assessment in this research. ITRMs
in various industries can be assessed in the future to enhance the general use of the
internal and external assessment models and the statistical analysis of internal
quality and external performance.
The external performance data for the four ITRMs were only available in a fiveyear period at the time of conducting this research. Future assessments of these four
ITRMs in a 10-year period can be conducted to investigate whether performances in
a longer period produce different results.
Only four experts had been invited as internal quality raters for the content
analysis of the selected ITRMs. Nevertheless, this number is acceptable in the
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research field of business and management (Duriau et al., 2007; Elo & Kyngäs,
2008; Lombard et al., 2002; Neuendorf, 2016). The difficulty for this research was
finding experts specializing in textile science and engineering, with practical
experience in technology roadmapping.
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Appendix A
Table A-1a. Technology Roadmap Developed in the UK ITRM
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Table A-1b. Technology Roadmap Developed in the UK ITRM
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Table A-2. Technology Roadmap Developed in the Canadian ITRM
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Table A-3. Technology Roadmap Developed in the US ITRM
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Table A-4. Technology Roadmap Developed in the Chinese ITRM
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Appendix B
Table B. Rubrics for content assessment

No
.

Internal Assessment Criterion

1

Intern
al
Legiti
macy

Rubrics
1

2

3

Definitions of TRM,
methodology, roadmap
development process

not
mentioned unclear concepts
nor stated or methodologies.
clearly.

Level of authority of
expert panels

No
reputable
profession
als from
academia
or
industry

Some reputable
professionals
from academia or
industry from
local and
regional
community.

Level of authority of
research team

No
reputable
profession
als from
academia

Some reputable
professionals
from academia or
industry from
local and
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stated clearly.

Balanced
reputable
professionals
from academia
and industry from
local and
regional
community
Balanced
reputable
professionals
from academia
and industry from

4

stated clearly with
detailed plan.

5
stated clearly with
detailed plan and
meet scientifically
rigorous
requirements with
references and
critical analysis.

Balanced reputable
professionals from
academia and
industry from local
and regional and
national
community

Balanced reputable
professionals from
academia and industry
from local, regional,
national and
international
community

Balanced reputable
professionals from
academia and
industry from local
and regional and

Balanced reputable
professionals from
academia and industry
from local, regional,
national and

or
industry

2

3

4

Value
Chain

Suppl
y
Chain

Innov
ation
Chain

The price index and value
addition for each segment
including raw materials,
fabric processing, design,
clothes processing,
marketing and recycle
The supply and demand
status among segments,
such as leading actors,
clusters, industrial scale,
production capacity,
logistics etc.
The technology
innovation capacity and
innovation clusters
among segments, such as
innovation input, R&D
power of industry and
academia, innovative
projects, industrial
clusters, cooperation
ways etc.

not
identified
nor
analyzed.
not
identified
nor
analyzed.

not
identified
nor
analyzed.

regional
community

local and
regional
community.

partially
identified and
analyzed.

partially
identified and
analyzed.

partially
identified and
analyzed.
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national
community

systematically
identified and
analyzed.

systematically
identified and
analyzed with
convincing
evidence.

systematically
identified and
analyzed.

systematically
identified and
analyzed with
convincing
evidence.

systematically
identified and
analyzed.

systematically
identified and
analyzed with
convincing
evidence.

international
community
systematically
identified and
analyzed with
convincing evidence
and sound
references.
systematically
identified and
analyzed with
convincing evidence
and sound
references.
systematically
identified and
analyzed with
convincing evidence
and sound
references.

5

6

Identification of
industrial gap

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of research
areas

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of
development strategy

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of key
projects

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of
technology barrier/gap

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Indust
rial
Goals

Key
Techn
ology
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thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.

7

Identification of
objectives of technology

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of current
status of technology

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

Identification of key
technologies to be
developed in short,
medium and long terms

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

not
identified
and
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

The external economic
Macro threats/shocks for
enviro business firms from
nment structure, conduct and
performance aspects
The societal challenges
that can influence the
industry directly,
including industrial basis,
labour force,
geographical distributions
of sectors, residential

not
identified
nor
analyzed.

partially
identified and
analyzed.
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thoroughly
identified and
analyzed.

thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.

thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.

living level and
requirements etc.
The impacts of industrial
chains on environment
and requirements and
solutions for ecological
protection and balance
The resources of raw
materials, energy, water
and others, their supply,
demands, distributions
and regions of origin

8

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

not
The key political, cultural
identified
and lifestyle elements and
nor
their changing trends
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

The key structural
features and changing
trends of human
population

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

The current status and
Micro future demands of
enviro infrastructural facilities
nment and platforms, including
platforms for product,
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thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.

information and finance,
quality control and
management and
transport facilities, etc.
Existing policies and
relevant international
agreements in the
nations/regions

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

The structure and trends
of capital investments
from governments and
industries/regions

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.

The demands and trends
of training and
educational resources,
and key effects of higher
education and
professional training that
can influence the industry
directly

not
identified
nor
analyzed.

partially
identified and
analyzed.

thoroughly
identified and
analyzed.
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thoroughly
identified and
analyzed with
convincing
evidence.
thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.
thoroughly identified
and analyzed with
convincing evidence
and sound
references.

thoroughly
identified and
analyzed with
convincing
evidence.

thoroughly identified
and analyzed with
convincing evidence
and sound
references.
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