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Abstract

The aim of this study was to investigate the rdleechnology roadmapping within
commercial and industrial domains at a sector dustry wide level, and to develop
an information model that could be used to enh#megeneric technology
roadmapping process.

The study focused on the development of versiogetiof the Foresight Vehicle
technology roadmap to support the developmentwfdarbon vehicles in a global
marketplace. The development of a ‘real’ sectoell¢echnology roadmap enabled
ideas in relation to data collection elements toeséed, especially in terms of

personnel, participants and publication channels.

The various tools currently used to develop teabgyproadmaps were identified and
assessed for their suitability for use in this gtusl mixture of data collection
techniques were used to generate data and inviestigaprocess of developing a core
data set, associated data, as well as the idextidicof the relationship between
potentially disparate items of information.

FV Thematic Group members took part in workshopslitot data, inform the
evolution of the data collection process and infdinendevelopment of the
information protocol. Results from the data coil@ctexercise indicated that not all
technology issues were technology focused, nomt#ohy issues presented a
challenge not only in terms of representation hutvenership as well. Tools such as
Technology Readiness Levels were adapted andedtitis create a ‘rich picture’ of

multi-dimensional and customised roadmap views.

The study presents an information protocol to supghe development of technology
roadmaps primarily in a digital format and consgdelements such as data collection,
information management, preservation, represemasicope and validation,.

The findings of this study suggest that the devalept of a generic information

model to support the technology roadmapping prosesmely and that inclusion of



all elements of the protocol lead to the developnoéa technology roadmap that is

fit for purpose.
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Chapter One: Introduction

1.1  Introduction

This thesiswill investigate the development and generatiomeaftor level technology
roadmaps. The ‘Foresight Vehicle Technology Roadrnsegn example of a sector or
industry level roadmap and will be used throughouliustrate the issues involved in
creating and representing content. A technologgma generated by the relevant
industrial community at this level is accepted amb one of a series of valuable tools
used to inform the broader technology foresighnhdgeat both national and
international levels. Consideration in this chajpdagiven to the identification of the
research landscape from which issues emerge fleat #ie success or failure of the
roadmapping process at the sector level. The drifcgrthe research are stated which
lead on to a statement of the aims and objectif/dseahesis. These are used to map
out the work to be undertaken, as illustrated enttresis plan, the final section of this

chapter.

1.2 Context

Technology Roadmaps first came to provenance id#7@s. Historically,
roadmapping activity has taken place in large sceganisations or at government or
industry level, developed as a tool to supportrieiforecasting. Large organisations
such as Boeing and BAE Systems have developed eamphdmaps to support
technology development aligned to business objestiVhere are a large proportion
of commercial and industrial sectors that are mgaprimarily of Small to Medium
size Enterprises (SMES) that currently do not faé in roadmapping activities,
often due to financial and time constraints. Opgnip the technology roadmapping
process at a sector and/or industrial level togheviously excluded community
allows a rich picture of commercial and industaativity to be developed and
utilised at a local, national and internationaldieand aid decision making in areas
such as research and product development. Thegsratso allows the generation of
research alliances and collaborations between auagdedustrial and commercial
organisations that may not otherwise have comedaitact with each other.



Technology roadmapping is a process that is useddble the collection and
representation of technological and commercialrmettion associated with a
particular industrial sector. The roadmapping pssds often used to support
technology planning at many levels in order to addreconomic, environment and

social issues nationally and/or internationally.

Motorola was one of the first companies to develapadmapping approach and
integrate the technique into its business proces¥®s of the most widely quoted
roadmap definitions that encapsulates the essdmoadmapping is from Motorola’s
Robert Galvin, who states that a “roadmap is dareded look at the future of a
chosen field of interest composed from the colecknowledge and imagination of
the brightest drivers of the field." (Willyard aMtClees 1987). Key terms in the
definition are ‘collective knowledge’ and ‘brightedrivers’ as they demonstrate the
importance and relevance of the adoption of argnated approach to roadmapping
techniques by identifying and capturing both exphnd tacit knowledge within a
specified industry. Interest in technology roadmagpechniques and processes has
increased over the last ten years and many exaropiedustry-wide technology
roadmaps can now be found in the public domair) siscthe one developed by the
Semiconductor Industry Association (ITRS 2007ked the ‘Silicon roadmap’.

Technology roadmaps were first represented in pbased formats. However it was
soon recognised that in order for technology rogupymgy to be of ongoing use to
stakeholders to support collaboration and eas@aéting, a method of sharing and
representing information in a digital format wouléled to be found. Thus the
development of software to support the technol@ggimapping process began.
There are now several software-based productseomérket to support the
roadmapping process; however rollout to the usemagonity is inhibited by issues
such as cost, usability and lack of interoperapilit

The roadmapping process although having been arsinod the 1970s is still
regarded to be in its infancy, possibly due toftu that a clear set of research
methods or methodology for technology roadmappsnget to be developed. ltis a

challenging activity at individual, organisatiomadiustry levels and as such, there is a



recognised need for a clearly defined flexible w@pe developed to support the

process.

The UK automotive industry is currently attemptiogaddress global challenges such
as reductions in new vehicle carbon emissions ytrnessing of innovative
technological developments. It is an acceptedtfatthe solutions to these
challenges may be addressed by technological iiemsadeveloped in other
domains such as nanotechnology. A critical issums to identify these innovations
when traditionally dialogue between industries Ib@sn non-existent due to potential
pre-competitive collaborations being difficult tbentify. In a difficult economic
climate the need to share knowledge, collaboratie @ther industrial partners,
identify and utilise a diverse range of researdta@mes has never been so essential.
However, one of the challenges uncovered is tlcatlaborative approach to sharing
knowledge using a common platform in order to depé¢he vehicles of the future
goes against the grain, as vehicle manufacturexg winovation as a tool to gain

competitive edge in the global marketplace.

In order to support knowledge sharing of non-conumadly sensitive information, the
Society of Motor Manufacturers and Traders (SMMiiblshed version one (v.1) of
the Foresight Vehicle Technology Roadmap in 20@tes&ight Vehicle (FV) is
“collaboration between industry, academia and Gawent to identify and
demonstrate technologies for sustainable roadpmatigForesight Vehicle 2001).
Feedback received by the Society of Motor Manufarsiand Traders indicated that
the publication of the FV technology roadmap (Wilpaper-based report format was
very well received by the global automotive comntyiai both manufacturer and tier
supplier levels. Although UK focused, it was soegarded as the premier resource
for knowledge relating to technology developmentt/K and global vehicle
manufacture. The success of the FV roadmap (veBted the demand for version

two (v.2), which was published in 2004, again usangaper-based format.

During the production of both FV roadmap (v.1) &droadmap (v.2) it was
acknowledged that the data collection task was bo#rous and resource intensive.

One person was designated as a co-ordinator togadha technology roadmapping



activity in FV, this in itself could be viewed agpatential weak link and from a risk

management point of view raised three issues:

). the views represented within the FV Technol&padmap might be seen
as the view of the co-ordinator of the roadmagfethough a rigorous data
collection and consultation process engaging tkeaUtomotive community

had taken place);

i). an assumption may be made that the co-ordir@ftthe technology
roadmap would always be available to completeagsembly of the

roadmap and drive the process through to completio

iii). an assumption was also made that the cootdira both v.1 and v.2
would be available to manage the process to delixdeof the FV Technology

Roadmap.

The co-ordinator of both of the previous versicsised the concern that the second
view posed the prime potential risk to the sucedssfvelopment of the roadmap and

that a team based approach would mitigate risks.

During 2007, planning for Version Three (v.3) oétRV Technology Roadmap
began. Taking on board the lessons learnt fromvE}) @nd FV (v.2) it was evident
that a team-based approach to data collection@athrap generation would reduce
the three risks mentioned above. Migration fromapgy-based publication was seen
to be essential to address issues such as datailitgxease of maintenance, and the
ability to include validation of information thatas lacking in FV (v.1) and FV (v.2).
Investigation began to find a software-based smiutdr both data collection and
publication elements prior to the data collectitage for FV (v.3). After consultation
with the organisation that were funding the deveiept of FV (v.3) it was decided to
purchase a licence to develop the roadmap usingn/&trategist™ technology
roadmapping software. The decision was also takgmadvide access to the roadmap
through the Low Carbon and Fuel Cell Technology Wieolge Transfer Network.



1.3

Research Drivers

The drivers for the research are threefold:

The development of software-based technology roadrsacurrently not
supported by any set of methods or methodologyt#kats into account the
importance of the data collected, the informatigpresented, or critically, the
requirements of the user community in terms of ssibdity and being able to
interact, as well as contributing to, the iterati#ehnology roadmapping

process.

The vision of an all encompassing software-basadmap requires all
stakeholders in the technology roadmapping proimels able to make
judgements and decisions on the information repteseby being able to
view all relevant data and information relatingotagyin. In order to support
the complex process of technology roadmappinggesialklers must be able to
access a roadmap using appropriate informatiorcananunication
technologies, taking into account that communicati@ay be taking place
within and across organisational, industrial arabgl communities. To
support this new way of working a comprehensive r@gatous method of

supporting software-based technology roadmappioggss is required.

Commercial and industrial organisations are undaggmapid technological
change in ways of working and communicating. The@dso a change in the
way that companies and industries develop and pedammaodities. For
example, the majority of product-based companiescosnponents that could
have been made in any part of the world, theretoeee is critical need to be
informed about what is happening in ‘global’ asvesl ‘local’ markets.
Challenges also arise from the development of @dgres within industries
that do not appear on the surface to have anyae#dtip, such as the
chemical industry and the medical device sectoe dltility to identify links
using roadmaps for industries that previously ha#&mown association would
support and allow the monitoring of trends and tgw@ents within global
markets and also allow companies to be betternmédrwhen making

decisions regarding product or service developm8tékeholders in the



roadmapping process need to be aware of all avaifyameters within a

roadmap in order to support the linking across stidess and technologies.

» Personal experience and observation has led todlief that concentration on
the use of ‘expert views’ during the data collectstage of the roadmapping
process may allow the introduction of bias. Théembion of data from
‘experts’ does not acknowledge or allow views dfavtstakeholders to be
taken into consideration, or perhaps more impdstabé represented. An
expert view is valuable only if the terminology tigused can be understood
by non experts and can be substantiated by vatidatielence. In order to
achieve a high quality roadmap, allowance must bdarior a degree of
personalisation and customisation supported byeewé elicited from
secondary and supporting data.

Research on technology roadmapping is timely a® thas been no detailed
exploration of the relationship between data ctilbeg information representation,
knowledge generation, stakeholder views and resoeraluation in the context of

benefits realisation.

1.4  Aims and Objectives
The aims of this research study are twofold:

ALl. to investigate the role of technology roadmappwithin the commercial

and industrial domains at a sector or industry viesel; and,

A2. to develop an ontology-based information mdbat can be used to
enhance technology roadmapping, support data tioltewithin and across
organisational boundaries, along with disseminatitoidlentified stakeholders

that include SME’s and academia.

Specific objectives are:
» Establish technical, economic and political issioeshe generation of sector

level roadmaps (Al



» Identify existing sector level technology roadméfps)

» Identify a range of organisational and industrydsedor technology roadmap

development (A2)

* Investigate the potential use of an ontology bastxmation model to
enhance the technology roadmapping process, ustndelvelopment of v.3 of
the Foresight Vehicle Technology Roadmap (A2)

* Create an ontology-based information model (A2)

» Explore stakeholder acceptability of sector lewgldmaps (A1, A2)

15 Plan of Thesis

The thesis is in four parts. The first part progidiee critical review of the literature in
order to present background content and conteksth@ports the aims and objectives
(Chapter 2). The second part deals with methodoébgssues relating to the
technology roadmapping process. Various methoddiaceissed and the selection of
appropriate methods in terms of reliability, acoyrand validity are outlined
(Chapter 3). The third part of the thesis is magdefuthe Results (Chapter 4) and the
development of an appropriate Information Modeld@ter 5). The fourth part,
Chapter 6 reflects upon the significance of thelieselated to the literature review
and the aims and objectives. This chapter alsoiderssthe future of technology
roadmapping related to the outcomes of the stddye contributions made by the
research along with recommendations for future vesekreflected upon in Chapter 7.

These final two chapters constitute the fourth pathe thesis.



Chapter Two: Literature Review

2.1 Introduction

The purpose of this chapter is to provide a ciiitieaiew of the relevant literature that
relate to the aims and objectives of the study (eggpter 1). Sections 2.2, 2.3 and 2.4
present the background to the research area. Isslegant to the development of
technology roadmaps in general are discussed. dimeept of technology
roadmapping and identification of the types of tebgy roadmaps are detailed in
Section 2.5. The elements and the processes ird/aivihe development of
technology roadmaps are examined in Section 2261 including roadmapping
process, data elements, information representatidrvalidation, review process,
roadmapping practice and methods. An examinatidheturrent methods for
developing a technology roadmap is presented itidde2.11 and 12. The chapter
concludes with a summary of the significant findirigpm the literature.

2.2 Development of Technology Roadmapping

Technology roadmapping is a term that is widelyduseross organisations and
industrial sectors to describe activities whichateeviews of future technological
development. In practice, there is often confusinorthe management of the process
which will deliver a technology roadmap. Seekingrification from the literature
presents conflicting advice and terminology. Roagloireg and forecasting are terms
that are often interchanged, but in reality invateenpletely different processes to
achieve different end goals.

2.2.1 Technology Forecasting

Technology foresight activity can be traced bacth#1930’s in the United States
when a report (Technological Trends and Nationdti?d937) reported upon
activity that suggested certain technological depeients, such as plastics and
television were likely to become widely used andehsignificant impact. Up to the
1970’'s there were several technology forecastintstdeveloped such as TRIZ
developed by Altshuller to support innovation ane development of creative ideas.
From the 1970’s to the 1990’s there was a percieptiecline in acceptance and

deployment of technology forecasting tools duehtanges in society and industrial



perceptions and requirements. In Europe, Nationegstght Programmes were
developed in the 1990’s as identified by Blind le{999) as a strategy to advise
policy makers on technologies in which to invesiciinology foresight activity is a
response to a particular challenge at a regiomdilpmal or international level and as
such is an effective tool for developing futurelems. The information that the
process collects can be used to support long tegision and informs the
development of regional, national and internatiggragrammes in a wide variety of
areas such as transport and health. The outputtfrertechnology foresight process is
also used for the development of research prisréied appropriate funding. The
process does not aim to predict the future bueatsinforms technological
development which Schaller (1999) identifies aggmions of technological
capabilities. Technology foresight is carried ontaowide platform by consulting
extensively, often across national boundaries. lf@adon the information gathered is
encouraged and is fed back into the process. Témiméorecasting encompasses all
the other elements of future forecasting activytputs of the process include
reports, websites and technology roadmaps. Therdistinct differences between
technology forecasting and technology roadmappieghnology forecasting is
concerned with forecasting an end point in a paldicarea, whereas technology
roadmapping starts with the end point and drawsabudhe technology pathways that
help to achieve the end. Also it should not be gsedl with scenario planning which

focuses on the development of several alternaisws/of the future.

2.2.2 Technology Policy

Technology Policy is concerned with the ‘allocatafrresources and the
encouragement of scientific and engineering reseand development’ (Stine, 2009).
The development of modern economies is relianterekploitation of appropriate
technology opportunities in a positive environmémndhner and Roller (2001)
identified that emerging technologies are dependpanh effective national policy
programmes developed and supported by GovernmEmdse is considerable interest
in the way that technological developments evolve @re directed (Rip, 2003).
Technology policy can be informed by a particuleoup of people such as the UK
automotive community, who provide information téoirm policymakers (technology
for policy), or policy makers make decision thatthmpact on a particular

community (policy for technology). In order for tewlogy policy to advance and



support technological advancement, key requiremameténformation and knowledge
to inform the policy making process.

Technology roadmapping has a part to play in infogthe development of
technology policy and as such it is critical thaugable methodology is developed to
collect appropriate data. Consensus on technapgeprtunities is required from
diverse perspectives. During the technology roagnmgpprocess debate and
discussion is required, which provides a perspedtivthe technology landscape that
will in turn inform the decision making process waihimay have an effect on the
development of financial and societal policy. Auebtechnology roadmapping
process including the creation of validated infatiovawill also support retrospective
analysis of technology opportunities at a givempai time. David (1987), suggested
that retrospective analysis would ‘help to devedtrptegies to identify the most
effective technology route to take’, an importagsiie in the current economic climate
with the possibility of reduction in research butdgé\ppropriate allocation of

resources will enhance a nation’s ability to regptmsocietal challenges.

2.3  Technology Roadmapping: a definition

A definition of a technology roadmap is dependeydrucertain key drivers including
view, purpose and perceived outcome of roadmap also dependent upon the core
activity of an industrial sector, its focus or #@nsensus view of key stakeholders. In
its simplistic form, a technology roadmap is a doeat, produced in paper or digital
format, which identifies key objectives and crititechnologies. A roadmap is a tool
that has evolved to support the development of teetyologies. Once impact of new
technologies has been incorporated into roadmaglihies, focus and resources can
be put in place to ensure the appropriate techiedage developed.

During the evolution of technology roadmappinghdtshange has occurred in terms
of focus. The development of roadmaps has evoa®discussed by Konnola (2007)
from a “positivist viewpoint where the mapping ethnology was focused upon
technology”, to a view that takes into considematioe wider impact that technology
innovation can have, and links the technologiesasgnted on the roadmap to

broader environmental, social and economic issues.

The development of the FV technology roadmap regttine representation of a

number of interdependent technologies which devel@parallel manner over time



and can be represented as such on the roadmapnTisisif is not a problem, but the
issue achieves a level of complexity when attengptiinattach levels of importance to
each of the technology innovations that are dep@ng®on each other to create a
whole system view i.e. a vehicle. A soft systemsragach to this problem (Checkland
1981) goes some way to understanding the compleardics that are at play when
trying to manage the process of representing egumportant technologies in a
roadmap landscape. However adopting a ‘soft systeateodology’ approach to the
data collection stage of the roadmapping processhdoo resource intensive in
terms of the time participants can allocate toptueess, however may be useful for

the core roadmapping team if issues over repres@miaccur.

A technology roadmap has several functions depéng®m the organisation that is
creating it. In essence it is used to identify fatmarkets, and strategic level key
technologies likely to have an impact within defirtenescales. At a national level,
roadmaps can be used to develop strategic objsdive align limited financial
resources. Garcia (1998) argues that focusingitnatroadmapping elements will
support the effective allocation of scarce ResearthDevelopment (R &D)
resources to support the development of criticadinelogies. This opinion only
considers one particular element of the roadmap,viecreasingly external pressures
such as environmental and societal influencesdeithinate the way technologies are
developed and therefore affect the way technologgmaps are developed in the

future.

The management of technology is increasingly ingodrin the current global
competitive environment as identified by Gaynor9@p but to increase the level of
sophistication that is required in the technologgdmapping process, the information
associated with technology issues is essentialig-on this is the key to the
development of technology innovation. Phaal ef26104) put forward the concept
that technology related information is a specifioe of knowledge represented in
explicit or tacit form. Maturity of technology roadhps will not come from the
maturity of the process but in the way the infororagenerated is used in such areas
as scientific research, or to inform corporate sector level strategy and even at

national levels such as in foreign policy (Bruce &me 2004).



2.4  Background to the Technology Roadmapping Proces

The term ‘technology roadmapping’ was first coimedhe 1970’s by Motorola to
describe the process they developed to help devetbmical strategies and
innovation as noted by Willyard and McClees (19879torola still operates today in
a fast moving technology environment and like athhology driven company wants
to be the first to translate technological innowatinto ‘state of the art’ physical
products in order to ultimately dominate the mapkete. The company has
developed a sophisticated range of linked roadrhapacknowledges that the
roadmapping process has not yet reached matws#iyes such as linking to external
roadmaps and the ability to easily identify gapterhnology development are
continuing challenges as discussed by Richey amth&t (2004).

Competition to be the market leader in any industfjerce for technological
innovation to be successful it must be supportedrbinformed workforce who
includes not only product designers but also actamis who ultimately allocate
financial resources to the innovation process. &the 1980’s the roadmapping
technique, in a variety of formats has become nmacke widespread primarily driven
by the rapidly changing technical environment inalihmodern business operates.
Indeed, technical innovations may find their watpiproducts so fast, that products
such as laptop computers have a shelf life that lIneayeasured in a matter of weeks.
Although this is an extreme example, it highligtits necessity for techniques to help

identify technically related business and resegprabrities.

The term ‘technology roadmapping’ is well known it the global business and
industrial environments, however it is interestihgt the term ‘roadmapping’ does
not appear to date, in the Oxford English Dictigrniaut a search on Google for the
term “technology roadmapping” returned 23,500 rss{@d” May 2009), suggesting
that there is significant interest in the technglogadmapping process, but refining
the search to identify a methodology that suppbsdevelopment of a technology
roadmap returns unsatisfactory results, some riegusrayment in some format to
unlock the mystery of roadmap development, otHetsdescribe such a complicated
process, that potential roadmappers cannot orraxdling to invest the time and
effort at the pre roadmapping stage. Thereforegtlestion of how to create and
deploy a robust valuable roadmap has still to lssvened due to interest in

technology roadmapping growing considerably overl#st ten years, at sector and



organisational levels. As mentioned earlier in tBisapter, various techniques have
been utilised and new processes developed in todrmpport the technology
roadmapping process, as mapped by Phaal et all2B@dence to support the
success of the deployment of tailored technologylneapping processes is difficult
to identify, issues of confidentiality at an indivial or organisational level may
prevent open debate on the process. Many orgammisadippear to engage in the

process once, but for as yet unidentified reasonsod repeat the process.

The process of technology roadmapping does notélete to the actual roadmapping
activity although it is very important for techngproadmapping developers to

follow a pre-defined process in order to createféective technology roadmap. It is
also very important to consider the evolutionangsst that the technology
roadmapping process has gone through since itgjmséared as a management tool in
the 1970’s.

As technology roadmapping has been around in a auoflguises for almost 30
years, inevitably the process has evolved and BU@0©3) suggests that the process
has developed through three phases. The first ptiesdevelopment of
methodologies to accurately forecast the future sécond phase involved the
development of methodologies aimed to support #megation strategic planning
decisions; and that now technology roadmappin@s @ntering its third phase,
which is the development of methodologies to supipbegrated technology
management activities. In order to support thedthltase, a migration from paper
based technology roadmapping representationsgisresl. Dedicated software based
systems to support representation of roadmaps @lestronic format are currently in
their infancy even though they have been availtdslese for several years, maturity
is required in order for organisations to fullyagtate technology roadmapping into

business processes.

In 1997 Garcia and Bray suggested that there age thistinct phases of the
technology roadmapping process;

* The first phase is identified as the preliminanagd which ‘establishes need'.



» The second phase focuses on the identificatioppfagpriate technology areas
related to drivers and targets, which may be irtleon external. This phase
also covers the generation of the technology roaging report.

» The third phase of the process includes creatwagidation process, whilst
also building up an update process at the samettiroeate a real time
document. This three stage process covers sonhe ¢tdésks that are required
to build an effective technology roadmap but hassatentre the technology

element.

In order to move the technology roadmapping prot@sgard towards maturity, a
critical element to consider is the informatioreitsEnquiry can be facilitated by
guestions such as: what is collected, how it ifectéd, how it is represented and how
it is perceived and valued. Assumptions shouldoeatnade upon what technologies
will be embedded in the roadmap before the pro@des place. To illustrate this
point, a survey carried out in 2000 by Phaal andukh canvassed 2000 UK
manufacturing firms to establish issues assochattdthe technology roadmapping
process. Responses uncovered the key challenges@hoping a technology
roadmap including the fact that half of the respaorid stated that they had difficulty
in sustaining the technology roadmapping proced¥ &ported difficulty in starting
the process, and 20% found difficulty in developangpbust technology roadmapping
process itself. There are obviously issues surrimgnithe technology roadmapping
process that are still evident today and are inmgettie development of robust and
effective roadmaps. If organisations and industries the process as being too
difficult, unable to follow an uncomplicated devefoent process, then the role of
technology roadmapping as a foresight tool wilgbeatly diminished. The need for
an effective process to develop technology roadnsaggen more critical at an
industry or sector level, especially during timésiiecertainty such as the current
global financial crisis which may affect technologidevelopments. Whalen (2007)
puts forward the view that technology roadmapsdieemodify’ to take into account
changing market conditions by using ‘real time gsses’ to maintain competive
advantage. Well developed technology roadmapsaiayportant role in the
development of appropriate technologies in an dateglobal market.



Identifying appropriate technologies is criticalitlalso essential to the development
of sector level technology roadmaps is the issudeaftifying potential disruptive
technologies. At a sector level, understandingripgact that disruptive technologies
have on technological development is in its infarathough attempts at developing
disruptive technology roadmaps in their own rigavén been made (Walsh 2004).
Key issues in the development process such astbto understand the nature of
disruptive technologies have been identified, altiothe actual problem of
identifying when a technology becomes disruptias et to be addressed in detail.
This factor is crucial in terms of likely impact ¢ime technology roadmap content and

its development.

The actual process of creating a technology roadmefitical to successful
deployment and user acceptance. There have beenedtorts to share the
experience of technology roadmapping at a solenisgtonal level including
Groenveld (1997), Strauss et al. (1998) and th®ggartment of Energy (2000) but
the process varies considerably when organisatiocek is taken into consideration.
Similar attempts to share the technology roadmappincess at a sector or industry
level have been made by the Australian governméiotpublished the “Australian
Guide to Technology Roadmapping” in 2001, whichowked the Canadian
government’s Industry Canada document which had pablished in 2000.

2.4.1 The Role of Prediction in the Technology Roadping Process

There are some good examples of businesses thanhade huge mistakes in terms
of planning for the future, especially before tise of technology roadmapping
became established. The one most often cited isdB&mes Watson who forecast in
the 1940’s that that the world market for computeosild be saturated by five
computers. However, a more up to date predictiodentyy Perrit-Gallix (2006) who
suggests that there will be 1 billion computerthiemworld by 2015. As this prediction
was made relatively recently, it can now only becpred as a guesstimate and only
retrospective analysis of the prediction will assiés accuracy. The error of
judgement by James Watson is an extreme examplebubnstrates the difficulty of
looking too far into the future. Issues surroundiginitions of technology
roadmapping are discussed later in this chapteveliler many participants from a

diverse range of backgrounds and experiences iaddlvthe roadmapping process



are comfortable in being able to make predictiogsiagia two to five year timescale,
beyond that is acknowledged to be uncharted teyrénd therefore the need for

credible and tested robust technology roadmappigitnodologies is long overdue.

2.5  Types of Technology Roadmap

To gain an insight into the technology roadmapgiraress, it is essential to review
the roadmaps that are available in the public donihaal et al (2009) estimates that
there are at least 900 technology roadmaps thatuarently available in the public
domain. In order to asses the use and validithe$é¢ roadmaps, a review process is
required. To assist the review process Kostoff &digaller (2001) suggest that the
development of a credible roadmap classificatisiesy was feasible and necessary.
Previously an attempt to develop a taxonomy of mogos was made by Albright and
Schaller (1998), the classification of roadmaps determined by their location in
four specific applications: National Cross Industndustry, Organisation, and
Product, cross mapped with three objectives, Resg&echnology Development and
Administration. The work carried out by Albrighté&challer identified at least
twelve different roadmap applications. Understagdire roadmapping process has
moved on somewhat since then, the development opdated roadmap taxonomy is
overdue in order to develop new types of roadmassipport the ever changing and
dynamic global business environment. Within théogldechnology roadmapping
community it is acknowledged that there are thiegratt types of roadmap: sector

level roadmaps, science or technology roadmapgeaotlict roadmaps.

2.5.1 Sector Level Technology Roadmaps

Roadmaps generated at a sector level can be usgehtdy potential collaborations
usually within an industrial sector. Other benéfiitsn the development of sector
level roadmaps that can be derived by all stakedrslohclude:

* access to information that informs change in madkeiands such as the
increase in interest by consumers in alternatipelyered vehicles such as
electric vehicles;

* companies within a particular sector who are sepkew technologies to

move forward;



» to develop future technological innovation stragsdoy individual companies
who do not have the resources to access the infammatherwise;

* 0n a sector basis, it may be more difficult to tifgrwhat technologies are
required and when;

» if there appears to be a lack of clarity withireagter relating to technology
choices, the validated information contained withisector level roadmap can
go some way to offer a solution;

* companies within a sector may be developing andementing individual
technology innovation programmes when common swmistmay be
represented within the roadmap, and,

» certain stakeholders within an industrial sectok ldne resources and skills to
develop innovative technologies on a commerciailshéiserefore

identification of potential collaborators is craic

Roadmaps may be developed independently withis@adate number of similar
organisations but can be merged to provide an tngusde view. Fisher (2006)
suggests in his review of the four electronics sliagustry roadmaps which make up
the Technology Roadmap for Semiconductor Indussyo&iation (SIA), that once
these independent roadmaps have been merged,ahepmplement each other in a
unique way and provide a roadmap view that is uiteiMa elsewhere and go some
way to identify the future technological and finadcequirements of that industry.
The SIA technology roadmap is acknowledged througtize technology
roadmapping domain as having support from a widgeaf stakeholders and
participating companies. Schaller (1999) suggésisdther sector level roadmaps
such as FV have achieved wide acceptance eventihbeayg have been developed in
a highly competitive environment by stakeholder®wlb not, on a day to day basis,
usually cooperate and share information. The vafuedustry level wide roadmap is
guestioned by Gindy et al (2006) who puts forwéel tiew that industry wide
technology roadmaps support the function of foriegshe future and do not take
into account the individual strengths and weakres$¢he organisations that make
up the industry sector. He goes on to suggestdaatmaps at an ‘enterprise’ or
product level are of more value. It is unlikelytloaganisations would be willing to
publicly acknowledge weaknesses as Gindy sugdéestseasier to assess the impact



of sector level roadmaps as they are developdukipablic domain. Technology
roadmaps that are developed and used within specipanies do have information
that is useful to the development of sector legehhology roadmaps, this
information may relate to the roadmapping proctssdfior identification of non-

confidential items of information that can be usegopulate a sector level roadmap.

There are examples of technology roadmaps thdieangy developed at a sector level
where the information is provided by a wide ranfeampanies. The International
Air Transport Association (IATA) has developed &TA technology roadmap
which aims to map the aviation technology landséameder to reduce the carbon
footprint of aviation. This technology roadmap msexample of where collaboration
and knowledge sharing takes place within a recegiht®mpetitive market.
Participants in the development of the roadmapuohelAirbus, Boeing, General
Electric, Rolls Royce, BP, Shell and several irdéionally recognised research
institutes such as Georgia Institute of Technol@gyindividual companies and
organisations, all the participants will have widleloped technology roadmapping
activities in place but are willing to share certalements of technology activity in

order to achieve a common goal of reducing avi&ioarbon footprint.

2.5.2 Science or Technology Roadmaps

Science and technology roadmaps enable dispam@i@gor organisations to link
technologies, challenges to technology developntedbnology applications for
science driven industries or sectors. Galvin (12@8ixions that the most exciting
discoveries cannot be predicted; however he acletyes that organisations such as
NASA have expended a great deal of time and enardggveloping high quality
roadmaps that use basic themes to develop sceevitifivs of the future. NASA
utilises science roadmaps to generate researt¢agts, identify research
partnerships and defines the scope for scientifgeovations in a specific future
timescale. Unlike roadmaps generated in the indlistomain, science roadmaps
offer the opportunity to facilitate and map ‘ideangration’ dimensions to the
roadmapping process. They have also been idenBedkey tool in the development
of research priorities and funding allocation att&gic, national and international

levels.



2.5.3 Product Roadmaps

A product based technology roadmap such as thossaped by Motorola in the

USA and Philips in Europe are probably the mostrmoom type of roadmaps
generated by individual organisations to suppoéatsgic objectives. They are used to
graphically represent the impact of technology mdpct development, often
representing several generations of product dewsdop. They can also be developed
to support the development of a set of productgrerkthe product development
requirements are set against organisational stcatdégectives. Petrick and Echols
(2004) suggest that technology roadmapping is kthab enables sustainable product
development and that it can prevent ‘waste of tame resources’ and that the
benefits of technology roadmapping far outweighdbsts. As mentioned previously
in this chapter, Boeing is an example of a larggoisation that has developed an
integrated process for generating technology rogdniauring a Strategic technology
roadmapping workshop held in Washington DC in Ddoen2004, Ray Cosner,
Director of Technology, Boeing Integrated Defengst&ms explained that Boeing
have developed high level ‘headline’ roadmaps tiress market issues, product and
service provision, needs and requirements along avgrocess roadmap. Behind
these high level roadmaps he estimated that tmeratdeast three thousand roadmap

views, the management of which poses a huge inflamananagement issue.

It was recognised by Probert and Radnor (2003)ahmmbduct focused technology
roadmap can support information sharing activitthvathers, including customers
and suppliers. The issue of the importance of sganformation and viewpoints in
this way is also supported by Albright & KappelD(@3). There are two main focuses
of a product based technology roadmap; one is basea market pull, which focuses
on the perceived projected needs of future marKéits.second focus is technology
push, which focuses on the development of exiggegnologies. Each preview a
view of the future that has relevance however iy lmathat a combination of both
approaches may prove to be a more effective plgroiol and create a technology

roadmap that may also be of use as a marketingrtaisl own right.

2.6 Technology Roadmapping Process
In existing technology roadmapping methodologissdantified by Garcia and Bray

(1997) there are three essential phases thatdehe development of a technology



roadmap: the preliminary stage, development stagdtee follow up stage. An
essential element of any pre-roadmapping actigity iensure that the purpose of the
roadmap is clear to all participants and that girapriate resources are in place. At
the roadmapping development stage, it is criticadlentify all possible technology
issues that need to be mapped against relevargdates. At the end of this stage a
comprehensive report should be produced, which éfect the technology roadmap.
Phaal (2001) suggests that the results of thiesdag dependent upon both market
influences (pull) and technology development (pu$hg third and final stage that
has been identified from the literature is thedaton stage, which takes into
consideration an implementation plan that ensuraskuy in for the roadmap from
all stakeholders and participants in the roadmappnoecess. An important element to
consider at this stage is to develop a processgdating the roadmap to maintain

information currency.

2.6.1 Barriers to the Development of Technologydoaps

Barriers to effective development of technologydmaps are varied and complex.
Phaal (2000) identified ten barriers to technologgdmap development including
availability of appropriate data, lack of effectifazilitation and lack of effective tools
and techniques. In order to facilitate the roadnragpprocess, further investigation of
potential barriers are worthy of consideration. Ajon consideration that should be
addressed at the pre-roadmapping stage is theforefedused personnel to drive the
process. Although there are examples one persoagimanthe process, Phaal et al.
(2004) suggests that in reality the technology no@pgbing process is too onerous a
task for any one individual, consideration showtdgbven to creating a multi-
disciplinary team to develop the roadmap, eithenditvidual organisational level or

at a sector level.

There are many ways of roadmapping, the existioggases all have limitations and
it is these limitations in terms of technology rospping methodology that need to
be addressed in order to develop a successful myaping process that can be

mapped to organisational or sector goals and ®rget



2.6.2 Data Collection

Technology roadmaps that are created from one psrperspective are of little
value except to that individual. In order to createalued roadmap, Albright (2003)
suggests that team activity is required in ordegliiwt knowledge and collate
individual viewpoints that lead to provide a baladicoadmap outlook,. Information
from groups is often gathered using a low technpkggproach such as ‘Post It®
notes. Examination of current technology roadmagppiigita collection techniques
identifies that in nearly all cases, data are agaptwsing ‘Post It'® notes. This is a
very low technology approach to data collectiosfa@wvn in Fig. 2.1 below.

Figure 2.1: Data Collection using Post It notes ®

(Source: Institute for Manufacturing, University@ambridge)

If a ‘Post It®’ is placed on a technology timelidering the workshop process, it can
be easily moved by someone who does not agreey &ith the issue or with the
suggested timescale. How can the roadmapping teaarethat they maintain data
integrity to support the data analysis phase? @anogh information on one
technology issue be collected on one ‘Post It'®fRoAnecdotal evidence suggests



that the technology roadmapping data collectiorcgse is very closely linked with
‘post it®’ notes, therefore there is a danger thattechnology roadmapping process
is undermined and not valued in its own right beealtiis associated with poor data
collection techniques. There is no doubt that ‘P&tnotes have their place in both
modern home and office environments, but as reeseiarch by Bernstein et al. has
found (2008), ‘Post Its’® are viewed as ‘informatiscraps’ more suited to recording

items of personal information in the home or woddgal environment.

2.6.3 Technology Roadmapping Team

In many cases, Phaal et al. (2004) suggests tleatvel trained person takes
responsibility for the technology roadmapping pssceA key element to the success
of the technology roadmapping process is the roagimg team that are brought
together to steer the roadmapping process. Lef20@5) recognises that it is
important to gather a roadmapping team togethen fth areas of an organisation or
from across organisations. Membership of a roaddeaglopment team can also
create a sense of ownership between the participam may ultimately form part of

the end user community.

2.6.4 Technology Roadmapping Participants

It is important to select participants to take parthe technology roadmapping
process on the basis of their knowledge, rather fletect those who class themselves
as experts. It is useful to also select participavtio have some prior knowledge of
the technology roadmapping process (Garcia and B98y). Eliciting information
from participants during the data collection phakthe roadmapping activity may
generate multiple benefits including capturing éass for future planning scenarios,
the facilitator (who should be skilled in beingeld capture the output of any
brainstorming session) is able to explore how iitligl viewpoints have been arrived
at, what resources if any have been consulteditceaat a view, or is the view just
formed from personal opinion. This knowledge camtbe utilised during the
representation phase of the roadmapping procesef@ay information from
roadmapping participants may create new networkddclso be used to champion
knowledge management in the working environmentvéi@r a negative outcome
from the group activity is that participants mayumvilling or unable to divulge what

may be potentially commercially sensitive infornoatwithin the group setting. This



factor does not just happen when participants eae/m from diverse organisations

but may also occur when participants come togdtber different departments

within a single organisation. In order to develogease of trust between participants
it may be useful to clarify at the beginning of thega collection phase whether the
approach used to collect data will be open ancetber the resulting roadmap will be
available to all in the public domain, or a closggbroach when the eventual roadmap

will only be available to defined groups on a nez#&now basis.

2.6.5 Associated Data

Historically, the technology roadmapping process lheen represented in a one
dimensional format. Increasingly, due to the saptased information requirements

of both sector and individual organisational tedbgg roadmaps, the collection of
associated data has to be integrated into the eémimroadmapping process. In order
to provide information that can identify technologgps, where current activity is
taking place in order to avoid duplication of searesources, certain key items of
data needs to be integrated into the data collegiase of the technology

roadmapping process.

2.6.6 Technology Readiness Levels

Technology readiness levels (TRL'’s) are a technotteyelopment tool developed by
NASA in the 1980’s. They were developed to prowadendication of technology
maturity by identifying associated risk. TRL’'s aepresented on a graduated scale
that ranges from one to nine. Specific criteriawsed to define technology maturity
at each level on the scale. The use of TRL’s withentechnology roadmapping
process can be useful (Garcia and Bray 1997) Wwétcaveat that roadmapping
participants need to have prior knowledge of tiobrielogy roadmapping process as
well as some degree of subject knowledge. TRL'scareently used by the UK
Ministry of Defence in their technology roadmappprgcess to identify immature

technology.

2.6.7 Technology Barriers
In order to innovate, collecting data on technol@gpges and opportunities cannot
take place in isolation. At the time of data cdilee, identifying the barriers that are

associated with technology development may giveesmisight into how to unlock



the potential of, and support the development dirnelogies. Day et al. (2004)
suggests that barriers to technology developmennair always technology focused,
but can be related to legislation, regulations staddards. During the technology
roadmapping process it can be useful to identifgrging technologies that can

remove technical barriers.

2.6.8 Timescales

One of the aims of a high quality roadmap is toesent key elements in relation to a
timeline. Roadmaps are a snapshot taken at a yartjgoint in time and accuracy
may diminish past a two to five year timescale,at@lent on the scope of the
roadmap. The definition of a timescale can varyfiarganisation to organisation and
may reflect the views of just a few individuals.okptable time variables appear to lie
in the range of two to ten years dependent on t@dolgy focus and organisational
culture. Timescales are an essential componenaniequired to ensure that the
roadmapping process can be mapped to strateginiptpactivities by the
representation and use of key milestones.

2.7  Technology Roadmapping Data

Organisations often complain about the amountfofmation that is required for
business processes to be carried out (Edmunds amisN000). Data can be
collected from a variety of diverse internal antkeemal sources. Internal sources may
include accounting and investment management, huesmurces, sales and
marketing, quality management and quality managemuash control. External data
sources can include commercial databases, thetanftpanferences and workshops,
trade journals, the academic and trade pressratecidiscussion lists as well as the
Internet. The incorporation of a wide range ofdaled data sources along with input
from experts and stakeholders ensures thaetttenology roadmapping data
collection process will enable a ‘rich’ validatezhdmap to be represented.

2.7.1 Data Management

The management of data within the technology rogamg process is as important
as any of the technologies represented in the rapdirhere are three distinct
activities within the data management process (@o&007): data administration;

database administration (if appropriate); and riégpgsadministration (including



preservation issues). Data management does hasparce implication and this
issue needs to be considered at the pre-roadmagiaigg, as inefficient data
management may lead to a new version of a roadmapdto be developed. If
consideration was given to the effective manageroktite data, an update process
might have been all that was required. The tedgywtoadmapping data collection
phase must collect data that has meaning attrikiotggdto turn the data into
information that can be represented on the roadmgpandscape. The management
of data is not a mystical process that needs tahb#ed out by an individual with
specialist skills, the issues associated with detaagement need to be identified,

addressed and a protocol developed for management.

2.7.2 Ontologies

Ontologies are categories of entities that exist apecific domain as defined by
Sowa (2000). Another definition (Uscho 1998) viesmgologies as a vocabulary of
interrelated terms which impose a structure inriqadar domain and also constrain
possible interpretation of terms. As such, the tgmaent of ontologies in a
technology roadmapping context suggests the pdisiti supporting the collection

of information and also supporting the identificatiof relationships between entities
that are not hierarchical.

Uschild and Gruninger (1996) comment that “dispaksickgrounds, languages, tools
and techniques” are a major barrier to effectiveecmnication among people and
organisations. They suggest that ontologies pe&ific subject area can improve
communication which may lead to an increase ineeunsl sharing of information, an
essential requirement of successful technologymagaddevelopment. The
improvement in communication by the use of an agichl approach is also one that
is explored by Grubber (1993). He suggests thatlogies are descriptive and as such
support knowledge sharing and re-use of informatdso encouraging the sharing of
a common understanding of the structure of inforomathat could be represented in a
technology roadmapping format.

In terms of using ontologies to develop and stngctachnology roadmaps, they can
be seen as a tool to support the process, hawea gurpose and have flexibility to
change and evolve over time (van Elst and Abeclstahility, sharing scope and
formality are three critical elements identifiectlare deemed to be critical and

impact on the usefulness and usability of ontolbgsed information systems such as



a technology roadmap. Figure 2.2 illustrates thatimship between the three

elements and the drivers to support the procesalsoeshown.

Sharing Scope
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Figure 2.2. Sharing Scope, Stability and Formalityf Information

(Source: van Elst and Abecker)

Sharing Scope involves defining the extent to wimdbrmation is to be shared and
the level of confidence in the information thatase shared. Stability can be seen as
comprising of different facets; in the case of thehnology roadmapping process
information gathered from a disparate group of pe@pseen as a snapshot taken at a
particular point in time, permanence in terms @f skability of the information cannot
therefore be guaranteed over time. Formality reladghe type of information
collected, text documents as opposed to informalnaents require identification and

may be weighted differently.

2.7.3 Preservation of Data

The data collected during the roadmapping proc@ssvessence, be stored in a

digital format. Therefore, during the pre-roadmagpstage attention should be given
to the development of a preservation policy (Matthet al. 1997). The process of
digital preservation ensures that digital files banaccessed and be of some use in the
future. One of the first decisions to be takenteeta the useful life of the roadmap

and if it is to be viewed as a stand alone documiesthnology roadmaps may be

seen to be of only short term use, medium termaileequire frequent management

of the roadmap and of any software used to créatecadmap to ensure access
remains for as long as possible. Long term userdtptires continued access to the

roadmap and the information contained for as Iagassible.



The usefulness of retrospective analysis of tedgywftoadmaps has been identified
by Kostoff and Schaller (2001) as being of someingertain industrial domains.
Development of a technology roadmapping presemaiaicy to ensure that access
to past versions of a roadmap in the future woelddfeguarded is an integral part of

the technology roadmapping process.

Preservation of the technology roadmap in digtatfat appears to be an area that is
generally overlooked, although it is a criticalrent that needs to be addressed if
technology roadmapping is to be embedded in indlislture at an organisational,
national and/or international level. The term preagon in relation to roadmapping
activity is currently often linked, in the casepsbduct roadmaps, to the preservation
of the product itself.

2.8 Information Representation

Once the data collection phase has been compkgtézhst for the first iteration of a
roadmap, information can be represented in a waofeftormats including multi-
layered charts. Phaal (2000) suggests that an leiggt graphical roadmap view is
desirable. This involves multiple layers usuallyngsechnology, product and market
as the three main elements. Bars can also be asedresent layers. Phaal (2001)
suggests that this roadmapping representation taeest suited to be represented
in specifically generated product roadmaps. Otlpgioas that have been used to
represent information in a roadmap format incluad®ds, graphs, pictorial
representations, flow charts, single layer views xtual representation. Current
thinking relating to the representation of informatseems to favour the approach
that a ‘good’ roadmap should be developed to ptesmreral layers of information as
suggested by Muller (2007). The information corgdiin each level of the roadmap
view needs to be appropriate for the pre-identifeedet audience. It is accepted that
high level views create overviews; lower levelslwidntain the evidence to support
decision making processes as the information coedaat this level will also support
validation of the roadmap and ensure quality.

Whatever method of representation is chosen, agrideof the process the roadmap
should be able to address the following key obyesti know what the roadmap has

been developed for (delivery programme mechaniskm®l why the roadmap has



been developed (business need); know how (ideatiific of requisite underpinning

resources); and what to do to achieve the objec(&etion plans) (Phaal 2005).

The multiple representation options that have dsed over the last 30 or so years
could be due to a lack of standards to supporptbeess of roadmap development.
Phaal (2001) suggests that lack of standards otatgn within the process allows
the compilers of roadmaps to utilise the varietyagresentation methods available
dependent on roadmap focus. It may also be ardiadtiack of standards leads to a
disjointed view of the technology roadmapping pescereates problems for the
roadmap compiler and even more confusion for thimate end user. The ‘gold
standard’ in terms of information representatiotoigim for a semi-structured

approach with a degree of flexibility.

2.9 Information Validation

Each item represented on the roadmap should heaki@ assigned to it. Blotner
(2004) suggests that any group that have formultiie@lements of a roadmap should
be involved in the process of assigning a valuesith element. If group consensus is
not achieved then it is suggested that the groygaject leader should take the
ultimate decision as to the value of an individeleiment. Phaal (2003) also supports
this view. This process, carried out within theadellection workshops is actually
verification of the data and is an internal roadpiag process, which at best can
confer confidence in the roadmapping process. Hewths practice can allow the
introduction of bias into the roadmapping process @so may assign ownership of a
roadmap to the one person who is perceived to lk@nignall the decisions.

Investigation of validation criteria used in ‘pradipased’ technology roadmaps
should examine the level of consideration thaivemto the data at the time at which
the roadmap is in development. Phaal (2003) focasesadmap validation that takes
place when all of the roadmap layers have beesitestiand one the information
represented is felt to be correct. The processgtatggested once again focuses on
the continuity and commitment of the core roadmeyetbpment group and is not
explicit in terms of the validation criteria thaiwdd be applied at the post data-
collection stage to ensure that validation of tedmap is comprehensive and

complete.



As well as the three essential phases of the ropplimg process outlined above, a
further critical element needs to be consideregpStt for the roadmapping process
and for the ultimate successful deployment of aagdmap must be supported by the
management team (McCarthy 2003). Whatever the fottle roadmap, key players
at organisational and industrial levels must bexdeeupport the process. This
support is critical in order to ensure initial aswhtinued deployment of resources
such as personnel and any direct financial sughattis required to support the

process is committed and if possible to be ‘ringcés’.

2.10 Review Process

Roadmaps should be reviewed iteratively, onceiteedycle of the roadmapping
process has been completed, subsequent phased baoulich easier to complete.
As the roadmap is usually developed by a smallguafundividuals, the review
process may involve a different group of individualho may bring their viewpoints
in terms of technology drivers to the process. Asléernative to the group review
approach, consideration may be given to utilisexgefto face interviews using a
structured framework of validation criteria to sopthe review process. Whatever
method is selected, Lahtola (2005) suggests tisaioild be generally accepted that
roadmaps in any domain should be revised over twthree years therefore ensuring

that documents and resources are always current.

2.11 Technology Roadmapping in Practice

There cannot be a review of technology roadmapwitigput consideration of the
approaches that can be taken to achieve the eddgird\ technology roadmap can
be valued as a resource in its own right, and tsedpport the decision making
process which without a technology roadmap camdigeslow, expensive and time
consuming. There are two current ways and oneimtsolution used to approach the
development of a technology roadmap (Kostoff antaBer 2001): use of experts and
computers used as facilitating devices to obtamlfee information resources” such
as that contained in databases. In addition, ttves@pproaches can be combined to
what will be called here, a hybrid approach.



2.11.1 Use of Experts

Identification of the experts who are requiredaket part in the roadmapping process
is not always an easy task. Kostoff and Schall@ed{2 acknowledge that expertise
may only become apparent after the roadmappingepsocas taken place and because
of this support an iterative roadmapping proces® European Foresight programme
is one example of where the use of individual etgpleas been relied on heavily.
Experience of use of experts within this prograntrag led to the view that the
process is often problematic, issues surroundiagrtakeup of the expert panel have
sometimes detracted from the purpose of the agtivitom this experience, the
suggestion that guidelines for the use of exparelsain the technology roadmapping
process are long overdue. Expert panels are usunaltie up of between 10 to 15
identified expertsn a given field; they usually meet face to facethiv the Euro
Foresight programme there has been a recent sfaft tom the exclusive use of
expert panels towards stakeholder panels, whidhatehe movement away from a
science and technology focus to one that orientateards business objectives.

In the UK, Foresight roadmapping activity in théamotive sector has focused on the
development of the FV roadmap. The activity focugedlefining research challenges
to support the distribution of research fundinghie future. It is claimed that the
output of the FV roadmapping activity is appropeitdr all stakeholders in the UK
automotive industry and that it has been develdped expert views in order to

address potential bias.

2.11.2 Use of Online Information

Analysis of databases containing resources reqtiredpulate a roadmap is feasible.
This method of collecting data removes expert @ad fsom the roadmap, as well as
personal and organisational agendas. To date, ofuble research in this area has
been carried out in order to populate scientifedmaps, as much of the information
contained in scientific databases is structureglmised and therefore lends itself to
computer based analysis. The use of this appraapbgulate roadmaps with relevant

information will rise along with the developmentshigh performance computing.

2.11.3 Hybrid Approach
Until the on-line information based approach matueemixture of the two main ways

of populating a roadmap may provide a short tereven a long term effective



solution. Kostoff and Schaller (2001) suggest thatbest elements of both
approaches should be identified and ‘employed ést besults’

2.12 Methods for Technology Roadmapping

The development of technology roadmaps can be atidguprospect. There are
several methods that have been developed to sujyegprocess, generated from
research projects by the academic community, dpedl@as organisations as they go
through the roadmapping process and software coiegpamo respond to the
perceived need for technology roadmaps to be getknaelectronic formats. Three
well known methods currently used to generate teldyy roadmaps are T Plan,

Value Scorecard and Geneva Vision Strategist.

2.12.1 T Plan
T Plan evolved as an output from a three year reBgaoject carried out at
Cambridge University in the late 1990’s (Phaalle@01). The roadmapping
methodology was initially developed to support uidiual companies in the
development of technology roadmaps, although dgtatisector level followed. An
outcome of the project was a ‘how to do technolagdmapping guide’ which
supports a first attempt at the roadmapping prodessdesigned to deliver a ‘first
cut’ roadmap through generation of information eciéd at a series of workshops
using ‘post it'® notes. T Plan does not proclainoffer a generic solution to the
problem of how to construct a technology roadmagpiisiead suggests that it offers
some signposts that can be used to customise ddenapping process. Phaal (2001)
claims that one of the main benefits of T Plarh&t it offers a method that can be
assessed “quickly and economically” as shown inZE8gand will generate
confidence in moving forward to the next stagehef technology roadmapping
process. Personal experience of the T Plan proaesss] several issues:

» for some patrticipants it appeared to be a diffiputicess to get to grips with;

» there was not enough time to go into the levelat&id that was required

before participants were comfortable with the pssce
 difficult to build the roadmap using ‘Post-Its'®;

* some participants took time to grasp the fundanieo@mapping concepts;



» participants need to be able to commit to attenelane half day workshops,
in a busy working environment they may not alwagsable to do this; and,

» the need to go through the whole process again Wieeroadmap needed to

be updated.
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architecture) strategic and innovation planning) When?
3 Typ_ical Past | Short-term | Medium-term | Long-term | Vision
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commercial & Market Route(s) forward ——> "
Sﬂ'at&gic Q > Why'
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we now? get there? we want to go?

Figure 2.3: Example of a Technology Roadmap dewslaysing T-Plan
(Source: Institute of Manufacturing, University@ambridge, UK))

Achieving a first stage roadmap representationtgsh that requires patience, a high
level of self discipline to achieve a first cutaofoadmap. However the development
of a comprehensive roadmap view that satisfiestakeholder requirements requires

a process that is robust enough to cope with skerarads of iteration.

2.12.2 Value Scorecard

A value scorecard is suggested as a frameworkppastiroadmapping by Albright
(2003). He suggests that successful roadmaps d¢amewnalued by end users; he
classifies end users as society as a whole, astirydor a company and in order to
appreciate value the score card approach in thtirapping process is put forward as

a potential roadmapping methodology. The scoreappiloach depends on the



generation of a predetermined list of roadmap efgsnereated prior to the
roadmapping activity, usually split into four sess and each element of the
roadmap is allocated a score (usually betweenmhed). At the end of the process
the scores are totalled and each session is gigeenfalence score. It is usual for the
confidence level to be higher at the end of sesgionas the contentious issues have
been debated often at great length in the pre\tmeg sessions. This method of
creating a roadmap is based on a people-centredagdp however the assumption
that the same participants will be around to tede jm any roadmapping updating
and review process in the future cannot be matlanoe on supporting evidence as
to how participants arrived at the scores for irdlial elements, would be heavy. As
Albright acknowledges, roadmaps are ‘intended tovieg documents’, this
inevitably will involve a review process which cartiioe judged as comprehensive
unless the process includes the addition of exiigrganerated evidence or

documentation to support values given to a padrcrdadmap element.

2.12.3 Vision Strategist™

The first generation of roadmaps developed in 8i&0% were paper based. It was
soon found that they had limited use because itdifisult to share them with key
stakeholders who had not been part of the roadmgpg@neration process. Ginnell et
al (2002) comments that in the 1990’s Motorola pastal in leading the
development of software-based roadmaps As a rektiits activity and collaboration
with a software development company, a roadmapjoiolgcalled the Vision
Strategist™ was developed as shown in Fig. 2.3eaatliation took place during
2001. It was envisaged that the strength of thievemé& would be its ability to link

with other roadmaps in the same sector, or evem suipplier and customer roadmaps
as identified by Duckles and Coyles (2002). Dagastored in a common data format
which claims to allow all roadmap views to be viemaasily and by whoever has a

vested interest within an organisation.
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Figure 2.4: Vision Strategist™ Roadmapping Software

(Source: www.alignent.com)

The software has been utilised to date mainly byel@rganisations such as Boeing
and Vodaphone. There is no evidence availablearptiblic domain to show that
Vision Strategist has penetrated the Small and Medinterprise (SME) market that
arguably have the most to gain from being ableits@ what is claimed to be a
software tool that has the ability to track extétrends. SME’s would need to
allocate considerable time and financial effortii® roadmapping process that cannot
be supported. It is not surprising that large orggtions drive the technology

roadmapping process using Vision Strategist™.

It is critical that SME’s take full advantage o€tbmology roadmap outputs, the need
to keep up to date with technological innovatiokay to the survival of the majority
of SME’s operating in innovative ‘high risk’ areds.order to combat this ‘black
hole’ it has been suggested by Kameoko (2003)ithatder to keep up with the pace
of technological change, SME’s should become mesbgror aligned to,
organisations that undertake technology roadmapgitigity at an industry, or cross
industry level, this has the benefit of openingagpess to resources that may be out

of the reach of an individual company.



2.13 Summary

Roadmaps are useful in subject areas that demtanatitagh level of growth in
technology that can often be mapped to a committegstment in innovation. The
roadmapping process aids decision-making and caiséxt to inform resource

allocation activities at local, national and intatinnal levels.

Technology roadmapping is a key element in futoredasting activity. An added
benefit of the process is that it can also suppleritified research drivers such as
knowledge management and innovation. Use and vahyebe judged from various
individual perspectives including organisationalaa industry wide focus. In order to
achieve end-user buy in of the process, roadmappisi be underpinned by well-
defined data capture methods, the selection aofibst appropriate method to
represent the information captured, identificatbdmelated elements by the
deployment of an ontological approach and an orggevaluation process. Ensuring
that a well-defined process has validated the tyuafithe information represented
can only strengthen the value of the roadmappingegss.

The literature suggests that the process of teoggalbbadmapping will continue to
evolve. It appears to have developed an establisiiedn the development of
innovative technologies, but issues such as a amedtested method for the
identification of disruptive technologies and thiempact on a particular sector still
need to be developed. It can be an exhaustive ggpas yet there are few
roadmapping methodologies that can be utilisedaamiaghted to the needs of
individual organisations and industries. The depelent of software should go some
way to providing a structured framework, whilsoaling for a degree of flexibility to
support the technology roadmapping process. Ritsaith as access to the software
through expensive licensing agreements need tddessed, as well as the
preservation of roadmapping software to supporosgective analysis of a roadmap
which may be a valuable activity in its own rightist as roadmaps need to be
reviewed in order to assign value, the roadmappiogess requires evaluation itself
in order to distinguish between high value, higlpact technology roadmaps and
those that are difficult to construct, difficult tmterpret and update. An evaluation
process will go some way to identifying key ensttaat will enable the identification

of true value and benefits.



Technology roadmapping is well established as bBftwdhe identification of
technological development on both organisationdlsector levels. The process of
technology roadmapping has been shown to be conapiéxhallenging. The
requirement for generic guidelines, standards aficheld methodology is well
documented; future success of the technology ropdim@ process appears to be
dependant upon the facility to tailor the processtit the needs, requirements and
goals of individual organisations and industriaitees.

An analysis of the relevant literature revealed tfttacomprehensive research into the
development of technology roadmapping from an imfairon perspective had taken
place. In addition, the development of a genexbielogy roadmapping protocol to
support the roadmapping process had not been igatesd. These gaps in the
research literature reinforced the view that ingegion of an evidences based
approach to technology roadmapping and the devetapof a generic information
protocol was an appropriate area of study whichlevadd to the body of knowledge

regarding technology roadmaps.



Chapter 3: Research Methods

3.1 Introduction

The aim of this chapter is to consider the methwat®essary to accomplish the aims
and objectives set out in Chapter 1 within a framwvof exploring the research
landscape. The data collection processes used|sarelescribed. In addition,
appropriate data analysis methods are exploredatith the validity of the data
collected.

Section 3.2 discusses the research methods apgepwithe study and also to the
broader field of technology roadmapping. Sectidhekplores the practicable ways of
fulfilling the aims and objectives set out in Charit.

The development of the workshops and the questimaa a means of data
collection is presented in Section 3.4. The pitaty is detailed in this section.
Section 3.5 considers the appropriate analysiseotlata and its validity. The chapter
concludes with a summary of the appropriatenesiseoiethodologies chosen and

the data generated (Section 3.6).

3.2  Relevant Research Methods

Significant issues relating to the subject of texbgy roadmapping, such as methods
used for the collection of data, options for theresentation of information and
currency of outputs, were identified during a reviaf the literature. In the various
methods identified, a large reliance on the us@asft-It'® notes (see Chapter 2 p.20)
to collect information was noted. Participatioraitechnology roadmapping
workshop where this unstructured method of collgctata was used, has led to the
view that it is almost impossible to analyse thedmllected in that format, and to
represent it in a meaningful way that is of any tasthe workshop participants or the

end user community.

Technology roadmapping, often also labelled asnelciyy forecasting, requires
prediction of the future in context of a particutaibject area. However, if the

roadmap is developed using flawed information, thesumptions made using that



roadmap are at best weak, and at worst in errag.Célpture and collation of
information into a structured knowledge base isdftge an essential and critical
element of the technology roadmapping process. 8dlaction methods used in the
past have utilised either traditional quantitatvegualitative approaches.

Developing a methodology to collect data used forin the technology roadmapping
process can only succeed if individuals who havetedge of the subject domain
participate. Use of secondary data sources suuasal articles and the World Wide
Web cannot produce a comprehensive roadmap actepbadnd users. Participation
in the data collection phase not only suppliesrimation, but also through the
application of the most appropriate methodologyi, @gtablish a framework for
roadmap development through the identification@f technology themes.
Participatory research methodology is used extgngithealth care research
(Macaulay et al 1999) and is the process of praduoew knowledge by ‘systematic
enquiry, with the collaboration of those affectgdtive issue being studied’ (Green et
al 1994). Its purpose is to educate, through resulible action to be taken if required
and ultimately can effect social change. Participatesearch methodology requires a
balance to be struck between developing validatBamation and in terms of the
technology roadmapping process, and the beneiingeddy the organisation or sector
it seeks to inform. The deployment of a participat@search approach can utilise
both qualitative and quantitative research methsalisie of which are discussed later
in this chapter, although qualitative research m@shmay not be considered by some
as a ‘scientific’ research method. The technolagdmap data collection phase
requires participants in the process to share pe@@nd actual power (often
identified by experience and job role), this redagpecifically to the generation of
technology opportunities during workshops and &bsany collective decision

making process that takes place to develop roadreaglines. Knowledge, expertise
and organisational resources are key elementedétihnology roadmapping process
as well as patrticipatory research; however techgylas to remain the focus of the
technology roadmapping process not the individudslved in the data collection
phase. Any knowledge generated from the data ¢mlephase must pass from an
individual to the organisation or sector. In terofishe FV technology roadmap the
results from the data collection phase will be mitgd in the public domain for wider

dissemination. Participatory research requiresviddals to engage with the process,



work within the workshop as individuals and as @ugras and when directed, their
participation, knowledge and perspectives shoulddk@owledged and form the basis

for further research and planning (Cornwall et293).

In order to develop a comprehensive process tostmrhnology roadmapping, a
fragmented approach to developing a methodolodjginty a diverse range of
research methods may be appropriate. Unbiasedyatehsatic focus should be
applied to research methods adopted for this sfligy.ultimate aim of the research
process in this study is to collect a body of krexge from a diverse range of

sources, ensuring that all relevant and appropdate is captured.

Strategies for collecting the requisite data tdilfthe aims and objectives of the
research study warranted consideration of a vaoktgsearch methods. Those
considered included Delphi Studies, Case Studmsy$-Groups, Workshops,

Questionnaires and Interviews.

3.2.1 Delphi Studies

The Delphi methodology often used in the data ctbd@ stage of the technology
roadmapping process was originally developed inl8&0’s by the Rand Corporation
(Patton 1986). This method of collecting informatiocom a group of experts is
process driven and used to reach a consensuslbgtam and comparison of the
views of a group of experts; it is applied in mamgas such as technology forecasting
and medicine (Loo 2002).

Unlike focus groups, the method can be utilisediwbarticipants are scatted over a
disparate geographical area. Communication bettreegroups of selected experts
can be achieved by organising face to face meetutijsing email, Internet
discussion groups or paper based discussions.dbataten collected via
guestionnaires. It is an iterative process manageah experience facilitator.
Analysis of the process leads to results beingessgrted in a format that is agreed by
all participants, depending upon participants comiséhe results are refined and

then presented once again to participants unthsensus view is reached.



Kennedy (2004) argues that when this techniquepoyed it is not always exploited
to its full potential as it is not always supportgda substantial body of evidence or
refined by enough levels of iteration. This maydoe to time constraints or poor
study design at the outset of the process.

The Delphi methodology is heavily reliant on thentfication and use of experts
within a specific subject area. The expert view barboth an advantage and a
disadvantage; it enables a non specialist to gaimapshot of a subject area, but also
can introduce the issue of bias to the proces®ffBet the pitfalls of a group that is
dominated by technical experts, Linstone (2002pests a multiple domain expert
approach. Issues related to the use of experteiddta collection phase of the study
also include ensuring that a common terminologysisd by all. Caldwell et al. (2005)
acknowledge that terminology used by experts why Ineafrom different subject
domains may be similar. However similar terminologgy represent different

concepts or possibly even represent the same consieyg different words.

A clear disadvantage of the Delphi methodologyestime taken to complete the
study. In a two round Delphi study in medical apglions, it is not uncommon for 18

months to expire between start of the study ancaitlusion.

3.2.2 Case Study Approach

The Oxford English Dictionary traces the term ‘cageldy’ back to the 1930’s where

it was first used to describe medical historiebals been developed as a social
science research method over many years especidhlig areas of anthropology and
sociology, during the case study process, theme iseed to generalise and is used
when rich ‘in depth’ information is required. Cagtadies use evidence from disparate
sources, including documents, artefacts, interviamgs observations (Rowley 2002).
The balance between case study and large samiesesl towards large samples in
many disciplines. Flyvbjerg (2006) argues thatuke of case studies produces
exemplars that are essential in the developmeetfettive research that can be

applied in any discipline.



There are six elements that make up a case stymtgagh:

i). Purpose

In depth longitudinal study, used to generate bygges, as the case study
only examines one situation. This approach iseloee more suited to the
generalisation of hypotheses rather than contabub the testing of general

theory.

ii). Type of Data Collected

It is acknowledged that the data collected willdb@ qualitative nature. This
can include individual viewpoints, observationsrafividuals or group
situations, opportunity to collect background mf@tion in this context is
provided. Richer data is gathered using this ntethat can be generated

using quantitative methods of data collection.

lif). Method of Data Collection

A researcher is physically present when datacalfected; this allows a
degree of flexibility in deciding what data to leait at what time and allows
the process to be altered in real time if fountddéaecessary. The process can
be carried out by an individual researcher whotrbasapable of setting aside
any preconceived ideas but also be capable ofrsiasheling the drivers that

lead study participants to take the stance tlegt tho.

Iv). Design

Case study design focuses on one area or a sroaf) gf areas. The
researcher does not focus on one aspect of thg stithe underlying
peripheral reasons for potential bias. One red#satcriticism is often levelled
at the method is that results cannot be genedalidesign of the study can be
based around a unique event, the evidence gatheaga@lso allow the
researcher to use their instincts to refine afmtres the data collection
method if necessary. A high level of personalitidga is required at the design
stage and is therefore critical to the succesiployment of a case study

methodology.



v). Method of Data Analysis

Case study data analysis focuses on a non statiapproach. Techniques are
applied that rely on identifying similarities aack used to develop themes
from the output from participants and observatigngalysis of the data can
include material from interviews, observationg thave been carried out over
a defined timescale, participant observation dhetkevant documents to the
study. Clusters are created within the data tonapatterns to develop,
inconsistencies to be identified which can beifodat with participants and

this process can be repeated until the data ceped to be at a point at which

the aims and objectives of the study can be Fkesfil

vi). Reporting

Reporting the results of a case study is ofteenidd to a story being told,
there is a clear narrative and the output genefallows a chronological
order. Participants’ comments are reported whepeapriate and a high level
of the actual output of the observational studyndtuded.

There are several types of case studies which e@omsidered for use in the research
study: the illustrative case study; the exploratmage study; the programme effect
case study; the cumulative case study and thetiva@ase study. These different

types are outlined below.

lllustrative Case Study

This method cites real world, in depth, examplegiviare used to add value to other
information that has been collected during the datkection stage. They are
descriptive and are used to make common the uncomamal are of use in narrow
technical subject areas. They utilise entities tiaat be understood by the wider
technical and non technical community. The diffiguh this approach is being able

to find a situation that can represent the isse@sgresearched.

Exploratory Case Study

This approach generates hypotheses to be usddtat date in the research process.
Used when it is difficult to assess the issuesliraain a particular area of research,

therefore used as a pilot and the basis for aduithdepth study.



Critical Instance Case Study

This involves the exploration of a unique situatibat does not find comparisons in
other study areas. This approach can also be nsadaking assumptions about other

situations but is more likely to be used when themro possibility of generalisation.

Programme Effect Case Study

Used to study cause, the research is often castiedn multi sites. Assessments of
the study area and situations are made using mettiods. Questions developed for
use within this type of study may be difficult toadyse if a large number of sites have
been recruited for the case study. A solution i® phoblem may be to use supporting

evidence and relevant documentation to underpiml&te analysis process.

Cumulative Case Study

Used to answer evaluation questions using resalts & number of case studies that
have been carried out at different times, diffeatutations and by different
researchers. Incorporation of data that has bekected in previous studies can

often support the process.

Narrative Case Study

Outputs from this type of research study are dedigén a narrative style and are
dependant upon the identification of a central the@haracters and characteristics
that are interdependent are identified and relahgs between these elements

represented.

3.2.3 Focus Groups

This research method has been utilised in thetpadicit information that can be
represented in a technology roadmap format. Exgettser together to discuss and
share knowledge and opinion. A mixed group repr@asgma wide range of technical
backgrounds is required, in order to ensure thai@lpoints are represented. This
process requires a skilled facilitator, workingatpre-determined script to keep the
process on track. During the focus group procdssighestions and comments

should be given equal weight as well as represgimidividual viewpoints.



When selecting participants, the number involvettiigcal. In order to obtain a
comprehensive view of the subject area at leabt ¢igten participants should be
involved in the process. If enough participantsncdrie encouraged to attend, then
one to one semi structured interviews should bsidened as an alternative method

of data collection.

A disadvantage of this data collection method ésitisue of the participant who

dominates the process by ensuring that their vaae®xpressed to the detriment of
others. There is also the issue of focus grougdatithis technique is often used in
organisations to elicit views and potential papi#rits may have a negative view of

the process if they are involved on a frequentdasi

3.2.4 Interviews

Kvale (1996) defines qualitative research intenges “attempts to understand the
world from the subject’s point of view...”. The obja® of adopting this approach as
a research strategy is to develop a frameworki¢d edsponses from participants
using open ended questions. This process can algsda as a preliminary exercise to
draw out issues before the main study using otemiques, is carried out.
Interviews are helpful when researchers withoutiragkerstanding of the research
study area, are trying to understand the meanihmtiéhe research study.
Participants are encouraged to speak freely abeussues that are important from
their perspective, rather than be restricted byraélly defined question structure. .
Some participants are unwilling to talk freelyhely have issues regarding
confidentiality, and some may be unwilling to beawled. This method of data
collection requires a great deal of careful plagrimensure that the process is not
compromised by unforeseen issues. This methodtafatdlection can generate a
large amount of data to be analysed. The issua$tribing a large amount of text
which can be time consuming and often expensiaghird party is involved in the
transcription process, is an issue that has talbeeased at the planning stage of the

research study.



3.2.5 Concept of Ontologies

In the context of the research study the data cielterepresents a collection of
concepts within the identified subject area andtidies the relationships between the
concepts. Ontologies to support the technologymaguping process have been
developed to provide a framework used in the pmoésdentifying disruptive
technologies. The research study offers the oppiytto develop technology
roadmap ontology at a domain generic level to h#ayed as a tool during data
collection stages and also during qualification emdluation stages.

In order to support the development of genericrietdgy roadmapping ontology the
research will collect data from individuals andawses in order to define classes,
identify attributes and establish relationshipsiginain ontology whose parameters
define a subject area or domain will aim to clatifg terminology used by individual
participants in the study. The development of aiology within the research study is
seen as a desirable component which will provid&wcture for a collection of
knowledge within a specified domain.

3.2.6 Information Protocol

The development of an information protocol woul@sart the development of
software based technology roadmaps in the futtweoulld be ironical if the
technology roadmapping process could not be suggdny the utilisation of

Information and Communication Technologies (ICT).

An information protocol aims to represents an ids#aiation that may not always be
possible to reproduce. However in the context isf $kudy, the protocol should be a
clear representation of how the technology roadnmapprocess could evolve and
develop. The aim of the information protocol instetudy is to conceptualise the
technology roadmapping process using a clear frarleyroviding a solution to

what is acknowledged at an individual corporate @atibnal level, to be a complex
process, difficult to begin, manage and updateeatpfined intervals. To develop the
information protocol activities to scope the inf@tmon requirements and
specifications will take place. It is critical thi#e Information protocol must be robust

enough to be able to respond to changes in a gpdoihain



There are three approaches that can be consideseghport the development of the
Information protocol: Entity Relationship; FunctadrModelling; and Object
Orientated.

Entity Relationships (ER)

A person, place, thing, concept, or event can peesented as an entity. ER
relationships are established within the contex given situation. Relationships
between entities can be one to one, one to mamaay to many. Entities are
uniquely defined and supported by a substantialusrnof supporting information
and there is the opportunity to add more infornmatiothe future. Definition and
identification of entities takes time but this pess is a key element in the

development of a successful information protocol.

Functional Modelling (FM)
This approach requires an understanding of thetitmof an element, in order to

provide a formal description of a given situati®his process can be used in its own
right as a document to clarify the purpose of tteppsed system such as a
technology roadmapping environment and can dematestiow the system can

achieve its objectives

Object Orientated (O0)

An OO approach creates structures around dataniiled up the functions in a

particular domain. It promotes understanding ofréggiirements of a given situation,
especially in system development. It is used ineidudy stages of software
development when relationships between data arettshis defined, and has led to
the development of object orientated programmingu@ges such as Java and C++.
Several versions of object orientated modellingenla@en generated, these versions
have been standardised into Unified Modelling Laggi(UML). Domain constraints
such as real time issues, limitation of resourtiearfcial of documentation) are

issues that require consideration before adoptidhi® approach.

Information protocols are often developed in ardacaic environment, so it is
essential that the protocol is robust and fit forgmse. In order to be able to be rolled

out to a user community, instigation of a rigorewaluation prior to deployment is



required. The protocol must contain formal représtion of entities including their
properties, the relationships between entitiesthadperations that can be performed
on them. In the context of this study, the infornimatrotocol must contain elements
that are able to support customised views, all@vdentification of elements
common to multiple domains, elements that are untquone domain, be able to
represent the results of the interaction with irdiials and the incorporation of

existing independent resources.

3.2.7 Backcasting

Backcasting is often linked with forecasting andrario planning. There are distinct
differences between the three terms. Forecasting # predict the most likely future
outcomes, scenarios explore alternative futuresbacticasting aims to assess the
feasibility of a desired future. The process ofkuasting starts with the clarification
of a view of the future. Backcasting methods aindemtify policies, initiatives and
technologies that may link the future to the présand enable a current situation to
be looked at from a future perspective. Timescaiésn the process tend to range

between 20 to 50 years.

Using backcasting to develop a sector level roadduss not appear to be
appropriate, as the developers of sector levelmagd are not charged with the
development of national policies; participantshia technology roadmapping activity
may not approach the task with a common view wisanprerequisite for the
backcasting methodology to achieve the desiredtsesitowever, backcasting
methodology has been used by the Department ospaahin the UK to develop a

report on environmentally sustainable transport.

3.2.8 Workshops

Workshops as a method of data collection have tedirutilised during the
development of sector level roadmaps, such aftiae semiconductor industry and
the US Department of Defence, although the liteeaisivery scarce. There are two
main objectives that need to be addressed whetifyleg participants to take part in
the workshop element of the technology roadmappingess:



» Participants that are invited to take part in tleekshops should be able to
demonstrate a wide range of domain knowledge apcbppate skills;

* Ensure that workshop participants represent dhallstakeholder groups that
need to be consulted to ensure that a comprehetesieology roadmap can

be developed.

It is envisaged that at least one full day workshng three other workshops will
provide the majority of the information to populéte FV technology roadmap.
Within a workshop environment, the following thi@eta collection techniques have

been utilised to inform the technology roadmapraress:

). T-Plan

T-Plan is a commercially available technology magping methodology.
The process is driven by academic consultantsaifital. 2001) based at
Cambridge University. The process has been degdlapsupport specific
technology roadmapping activity, and is based uppuat from experts,
elicited from a four workshop process. Using eigptr generate data for the
technology roadmapping process can be difficuttmihant personalities may
introduce bias to the roadmapping process; thergéon of a
comprehensively valued technology roadmap requaitesews from a diverse

range of stakeholders to be collected.
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(Source: Institute of Manufacturing, University@ambridge, UK)



T-Plan aims to identify and establish links betwessearch and development
activity, technology resources and business dibgridentifying gaps in the
market, appropriate technology tools and reseacthities, using a ‘Post-

It® based methodology.

The T-Plan process claims to develop a ‘first coéidmap which supports
technology strategy and planning initiatives asi\gadigure 3.1, usually at the
level of a single organisation, and suggests ti@ptocess supports

communication between identified stakeholders.

i). Expert Panels

A panel made up of experts is useful as an evialuébol. It is useful for
reaching consensus when answers cannot be fosexedre. The panel is
made up of experts who can demonstrate experiarecparticular area or
industry, an important factor of a successful panthat participants are
willing to take part in the process and have resrbcoerced. The output of an
expert panel can also add credibility to the tedbgy roadmapping process.
A danger of introducing an expert panel into #aghhology roadmapping
process is that there is a possibility of biaswgentroduced if participants
cannot demonstrate appropriate knowledge, experieninsist on a particular
view being represented. Due to these reasonddésito limit the use of
expert panels in the technology roadmapping psotethe evaluation stage,

not during the data collection phase.

iif). Nominal Group Technique (NGT)

NGT is a decision making process where everyonggisions are taken into
account. It was developed by Delbecqg and Van deivd971 to support
committee decision making and is an effective tbosed as part of a creative
problem solving activity. It is used in a wide genof areas such as education
and health.

The process consists of five stages:

» Introduction and explanation of the process byxgegenced
facilitator;



* |deas are generated in silence by individuals neding to an open
ended question;

* The ideas generated are then shared with the gagonocess that is
managed by a facilitator without bias;

» Decisions are taken by the group which providesggortunity for
participants to seek clarification on the ideasegated by others, and,

* The ideas are voted upon and ranked in order ofipyi

The NGT process has several advantages includenfatt that a large
number of ideas can be generated; it encourages pgrticipation by all
regardless of differences in backgrounds and éxpes. Disadvantages
include that as a face to face process all ppditds must be able to attend a
predetermined number of workshops and that ppénts who view
themselves as being able to present an expertarnewable to accept the

outcomes of the process which may not necessafigct their views.

3.2.9 Questionnaires

The use of questionnaires to support the technaloagmapping data collection
process can be used to collect a range of datg tlensame format as that used in the
workshops and are an appropriate tool to enabkeghgis to be filled in that has not
identified and collected during the workshops alsd allow stakeholders not able to
take part in the workshop process to take patendata collection process. The
Society of Motor Manufacturers and Traders (SMM@iegd to distribute the

guestionnaires by email to the thematic group ngtwo

3.2.10 Documentation and Resources

External documents such as reports generated &bable sources, industry
overviews, and links to legislation relevant to t€ automotive industry and
identification of peer reviewed research articledipent to the technology roadmap
to be developed. The identification of relevantuloents to the generation of a UK
focused automotive technology roadmap, is an inaporetlement of the data
collection process. However this activity in realieeds to be a two stage process.

The first stage to be carried out at the starhefdata collection process in order to



inform the development of the workshops and thestjoienaires, and also to

highlight any documents that would be of use tormf potential workshop
participants of any relevant resources that cansleel as a current awareness tool of
wider issues relevant to the data collection precksvould be useful if the second
stage of the resource search was carried outaftdysis of both the workshop output

and the questionnaires.

3.3  Framework for Research
The framework selected has been chosen to elfoitnration to inform the generation
of v.3 of the FV Technology Roadmap from a diveesgge of stakeholders. This
approach will also allow the investigation of tihgpiact on the roadmapping process,
of information that is not currently elicited froparticipants.
* Initial pilot study
» Development of data collection framework
* Analysis of data to identify gaps in information
» External resource search
» Develop an information protocol using informatioarh individuals,
organisations and externally held resources tatnfine development of the
sector level technology roadmapping process
» Evaluate the technology roadmap developed frond#te collection element

of the process, with stakeholders and membersedfththematic groups

3.3.1 Researcher Involvement

It is appropriate that the researcher has no pribject knowledge. An outsider to the
subject domain can ensure a high level of validityeducing bias and bring
experience of information management to the proddss analysis of data will be

carried out by the same researcher once data toligmeriod has been completed.

3.3.2 Fulfilling the Objectives of the Study

The aims and objectives of the study are present€thapter 1. This section explores
the means of fulfilling the objectives. The aimglod research included the
investigation of the role of technology roadmappwithin commercial or industrial

domains at a sector or industrial level. In addititne development of an information



protocol to support the generation of a technolamgdmap for identified stakeholders

is explored.

1). Objective 1: Establish technical, economic aotitical issues

To establish external issues that influence tiveld@ment of a sector level
technology roadmap a review of the documentattevant to the UK
automotive industry available in the public domamss required. Using a list
of keywords supplied by two members of the coeglmapping team who
brought industry experience to the roadmappinggss, a framework of all
the pertinent issues could be created, which cbheldsed as a validation tool
during the data analysis stage of the processlisa#wbeing used for the

identification of gaps in the data collected.

An intention of the research was to investigaenifUK automotive sector
level roadmap could be developed as a stand a&latity or if meaning and
validity could only be achieved if the informatiogpresented was linked to
high level drivers such as technical, economic@oldical issues. In order to
become familiar with the data collected it was amant to manually
transcribe and analyse the output from the wonslamd the questionnaires.
It was decided to store the results of the anslfysacess in an Excel® file as
an element of the data management stage. Thisalacstorage medium was
also chosen because a degree of data maniputatide be carried out prior
to representation and to support data sharintp@lfoadmapping team had
access to Excel®. Other reasons that influenitedise of Excel® is that
files can be directly imported into Vision Stras&" technology
roadmapping software which would mitigate the nieedluplicate data entry,
and also it was important to be able to sharelgta with stakeholders who
were unable to access the roadmap using the V&i@ategist™ software due

to licensing issues.

i). Objective 2: Identify existing technology m@aps
In order to understand the process that has beshto develop a sector level
technology roadmap, it was a critical elemenhefriesearch to study existing

sector level roadmaps and the process of howtthdyevolved. Distinct



elements involved in the process can be dividemtiree areas, the first being
concerned with the maturity of the technology thatroadmap was based
upon, the second consisting of identification oWithe data had been
collected, and by whom, the third area was corezkwith how the sector

level roadmap and subsequent versions were pertaiithin the stakeholder
and wider industrial and commercial community.sTactivity informed the
development of the data collection stage of thrielogy roadmapping
process.

iii). Objective 3: Identify a range of organisata and industry needs

By identifying a range of organisational and indyseeds within the UK
automotive sector the research hoped to undersimndhese issues affect the
development of sector level technology roadmaps. Wide range of diverse
stakeholders that make up the UK automotive sécttude academia,

OEM'’s, parts manufacturers and industry stakehsldéo all have different
requirements regarding outcomes from the techryalogdmapping process.
The results of the data collection process wdilddtrate and inform the
information representation stage of the roadmappnocess to determine if

multiple representation views are viable.

iv). Objective 4: Investigate the potential usenfinformation protocol to
enhance the technology roadmapping process

Researching the literature on the technology ragupimg process does not in
general, provide any generic methods for devetppaadmaps at either
organisational or sector level. Those methodstifieth such as T-Plan have
been developed as commercial products and asdeucbt publish the
roadmapping process in the public domain. Themgabing process in many
cases appears to have developed as an ad hosgrand methods have been
developed as the process develops, often notdedolt appears that there is a
vulnerability associated with the technology roagping process especially
when an update is required. It was envisagedthieatesearch provided the
opportunity to explore the development of an infation protocol using the
FV technology roadmap as a real technology roagmgpexercise to identify

the issues, by analysis of the data collected ageament and representation of



the information surrounding the development aralweation of the overall

roadmapping process.

v). Objective 5: creation of an information praddc

Traditionally, technology has been the focus of @admapping activity. The
literature did not reveal any study that placesldhta collected, information
represented and the knowledge extracted frometttenblogy roadmapping
process at an individual organisational or seleteel at the centre of any of
the technology roadmapping methods identifiedd@te, activity to create
technology roadmaps focuses on trying to get #ia tb fit into existing
business processes. Developing an informatioropobfor technology
roadmapping will build upon the experience gaimedeveloping the FV
roadmap. Observation of the participants duriregrdadmapping process,
focusing on information rather than the technolagjyallow an information

protocol to be developed that may go through sgvirative stages.

vi). Objective 6: explore stakeholder and indusitgeptability

The first two versions of the FV technology roaghmeere very well received
by the global automotive community. Although deypsd with a UK focus in
mind, it is reported that the information contane both version one and two
have been used to inform the development of natiand international
research priorities and programmes, leading ardbrtology developments
integrated into current vehicle manufacture. @2 focused on safety as its
main technology theme, as this issue was oneeafnizin political and social
drivers in the automotive area in 2004 when versioo was produced. It was
not assumed that the focus of version three wiarithin the same; many of
the issues surrounding safety in vehicles have bhddressed. In the four
intervening years the focus has changed somewhards technology that
reduces emissions and supports the developmenloef carbon economy. In
order to gain acceptance of version three by bt@kers and the automotive
industry in general, it was important to consitter design of the data
collection stage of the process, so that partitgpavere able to provide as

wide a range of data as possible. Analysis ofitita would identify key



themes, which may not have a technological basiswould influence the

issues represented.

In order to test the validity of version three loé t+V technology roadmap, an
evaluation panel would be convened and asked tg oat three tasks; the first would
be to critique the content of the Vision Strateffisbadmap, the second task would to
comment on ease or difficulty of access to the gasaftware format, and finally be
asked for an opinion with regard to representadiotechnology roadmaps in either

paper or software based format.

3.4  Data Collection

The design and structure of the workshops, questiom and resource search is
detailed in the following section as means of dalé&ction for the technology
roadmapping process. To be confident that the ddlected would enable a
comprehensive FV technology roadmap to be develapeds hoped that a large
number of the organisations involved in the UK auttive industry and allied trades
would take part in the technology roadmapping psecBetails of the organisations

taking part involved in the data collection actndtre given in Appendix One.

3.4.1 Pilot Study

The objective of the pilot study was to interviewrall sample of stakeholders
involved in a ‘non automotive’ technology area sashrehabilitation engineering.
Information was to be collected using semi-struexdiuiace to face interviews.
Participants for the pilot study were selectedearesent a wide range of job roles and
experience in order to determine if role and respwlity affects data collected. Other

issues that required investigation included:

* Were timescales dependent upon interviewees’ extpezl?
* Was validation of technology roadmap informatiorpeortant?

* What information sources were deemed to be imptittan

The results from the pilot study would inform thevdlopment of an information

protocol to support the technology roadmapping @sec



3.4.2 Thematic Group Meetings

The SMMT thematic groups were identified as a Keynent for the development of
the pre roadmapping activity. Membership of theseigs comprised of a mixture of
stakeholders who could demonstrate experience angese range of roles such as
consultants, engineers, technologists some of wivere directly employed by
organisations who were willing to participate ie ttoadmapping process and others
who were retired. During the data collection stafjihe roadmapping activity, it was
decided to involve four of the five SMMT thematimgps in the data collection

activity as listed below:

* Engine and Powertrain (EPT)
» Hybrid, Electric, Alternatively Fuelled Vehicles BAFV)
* Advanced Structures and Materials (FASMAT)

* Design and Manufacturing Process (DMAP)

The remaining group, Software, Sensors, Electrantt Telematics (ASSET) did not
take part in the roadmapping activity, as a pared@dmapping activity in this
technology area was taking place at the same tintleeaFV roadmapping activity. It
had been decided that a separate technology roafmiagsing on ASSET related
technologies would be developed by innovITS, areeoit excellence for intelligent
transport systems (ITS) in the UK, also using tl&on Strategist™ software to
represent the data collected. The organisatiols@srasponsible for the development
of the ITS Knowledge Transfer Network through whikbk roadmap would be rolled
out to the automotive community. As ITS was deetodok an essential element of
the FV Technology Roadmap, the decision was takemtbed a link in the FV
roadmap to the ITS roadmap in order to be abledate an overall picture of UK

automotive activity.

The development of the first two versions of thedsagyht Vehicle Technology
Roadmap involved consultations through structurdtlan workshops. Many of the
participants who took part in the data collectioagess to generate the first two
versions would, by the nature of their roles wittiie UK automotive industry, be

involved in the process to generate version 3 @FY technology roadmap.



The chairman of the EPT thematic group was a pidrteer in the development of
both version one and two of the FV technology roapnand was willing to take part
in the development of version three as part ohanteo share the ‘burden’ of the tasks
required to develop the roadmap. The participatiosomeone who brought to the
process knowledge and experience meant that lessanmsé during the generation of

version one and two could be incorporated intopllh@ning activity for version three.

As part of the pre workshop activity, attendancevat thematic group meetings (EPT
and HEAFV) were arranged to publicise the roadmagppictivity and gauge to
willingness of group members to participate indlagéa collection stage of the process.
Concern was raised by personnel involved in thegdion of the first two versions
that participants could be experiencing ‘workshajgie’ and would be unlikely to
want to take part in yet another series of workshoypcollect data. The overwhelming
response from the thematic groups was that theydwselcome a workshop process
although comments were received that collectiodadh and generation of the
roadmap using a methodology that involved the fiseast-Its’® would not be

warmly welcomed.

Access to the membership of the other two groupsmare difficult as meetings
took place on a more sporadic basis, thereforatanim solution was to meet with
the chairmen of these two groups, outline the sstggedata collection activity and

gain agreement that the members would be encoutagelle part.

3.4.3 Workshop Design and Structure

Attendance at the thematic group meetings raisedsgue of participants who would
dominate the data collection stage of the prodassider to avoid this it was decided
to utilise Nominal Group Technique to generate mebbgy issues during the
workshops. It was hoped by adopting this methodiadé collection, it would to some

degree help to avoid conflict and allow equal pgsttion by all.

In order to achieve comprehensive coverage atdteeabllection stage, it was
decided to hold a series of four workshops. EPTHIBAFV were combined as the
nature of their core interests was similar; DMARSMAT and a stakeholder

workshop were scheduled as the remaining threeshops. It was planned that



identified gaps in the data collection process wWdié covered by the questionnaire
and resource and documentation activities. Thenéaselements of the pre-

workshop planning activity comprised of two acies outlined below:

). Trigger Question

In order to generate the technology issues to lptgthe roadmap, a trigger
guestion was designed to focus the workshopsggaatits on the task of
producing on an individual basis a number of tetbay issues. The trigger

guestion used in Workshop 1 is reproduced below;

In an automotive powertrain context, what areiggies involved in achieving
the goals of viable, sustainable, environmentalig safe vehicles over the

next 25 years?

In order to confirm that all workshop participantsderstand the trigger
guestion, it is critical that the facilitator agrpof the process of briefing the
workshop participants spends time explaining tte that the trigger question
takes in the NGT process and confirming that alleha level of confidence in

the process to continue.

As more than one workshop is scheduled, monitarirtpe outcomes of the
first workshop in terms of the phrasing of thgger question is essential. The
wording of the trigger question used for the remmay workshops may have to
change if the output of the first workshop doesgemerate the information

that can be utilised to develop the roadmap.

i). Workshop Outline

Using NGT to generate data from the workshopsireduhe workshop to
follow a structure that allowed all participantstéke part on an equal basis
but also during the later stages of the workskmpngage as a group to
achieve consensus regarding the outputs of treepso As the data collection

process was designed to inform the generatioridion three of the FV



technology roadmap, the decision was taken todatglocumentation with

the Foresight Vehicle logo.

For the actual data collection process participamstiee provided with several sheets
of A4 paper, and then asked to follow the structfren NGT exercise as outlined

earlier in this chapter.

For the first stage of data generation, emphagfased on the generation of issues
by individual participants in silence. This processmanaged by an effective and

experienced facilitator, who does not introduce liag to the process.

The structure of the three remaining workshops aessgned differently to take into
consideration additional data that would be reqlicegenerate the roadmap, add
value and aid information management. The outlirtb® remaining three workshops
as presented to workshop participants can be fouAgpendix Two. Each of the
technology issues and associated data would bedeston a paper library card. An
example of a library card showing the items of da#d need to be collected can be
found in Appendix Three. The step by step processl o collect the data consists of

the following elements, in order of generation:

* Record technology opportunities — a brief desaiptvf UK and global need,;

* Record maturity level of technology using custordiS&L level, as seem in
Appendix 3;

* The number of years for the technology to achienédd scale production or
mass scale production;

» Indication of where current activity is taking péac

* Importance to UK globally and UK, or globally buitiJK; and,

» Significant barriers to progress.

3.4.4 Questionnaire Design and Structure
The design and structure of the questionnaire sttt survey of non-workshop
participants is detailed in the following sectiaane component of the data

collection process. The design of the questionna&® informed by the workshop



structure. The first section included informatiantbe background of the
roadmapping activity, thanks for participation anskructions on how to return the
completed questionnaire to a nominated person nvihi who would pass on the
completed questionnaires to the researcher foysisal

To maintain continuity of the data collected thesfionnaire asked respondents the
same questions as those asked in the workshostheiiaddition of a question that
relates to affordability of an identified technojog

3.4.5 Identification of Evidence

The third and final element of the data collectiwacess consists of identification of
public domain documents that add value to the E¥inelogy roadmap. The process
of collecting appropriate information is structurgzing keywords and high level
headlines generated from the thematic groups anerage includes legislation,
trends and drivers, current technology roadmapslated areas. This process is
managed by the researcher and the identified dagisnserve two functions:

The first is to support the validation elementlad process, the second is to fill in

gaps in information and become roadmap elemerttseinown right.

3.5 Data Analysis

In the technology roadmapping methods identifiedhapter two, the data analysis
stage of the process is initially carried out witirticipants. This requires a time
commitment, such as attendance at several workghapparticipants to the FV
technology roadmapping process could not guaraAreadded issue to be taken into
consideration when designing the data analysisggwas that it was envisaged that
version three of the FV roadmap would be genernaséty Vision Strategist™
software and that this indicated a considerable tommitment and knowledge of
the software from the researcher that could na@xpected, or was required of

participants in the roadmapping process.

3.5.1 Data Input
Quantitative data from the workshops and questinesavas entered into Excel®
from February to June 2008. As the technology faflesach workshop was specific

to particular issues which would also be reflectethe roadmap representation, for



the purpose of analysis the output from each wangsind the questionnaire was kept
in individual Excel® files which could be importéato the Vision Strategist™

software using the online tool ‘powergrid’.

3.5.2 Data Analysis Method

For the purpose of developing a comprehensive raadimat could be compared with
versions one and two it was critical to analyseda in such a way that the
technology issues and opportunities could be etedaas stand alone data but could
also be analysed in relation to the associatedatdiiected. Data analysis included the
production of descriptive statistics to describe ¢fkements of the technology issues

including range and mean.

In order to ascertain that the UK automotive sectmid have confidence that the
information represented within the roadmap focumetkechnology issues, PESTLE
(Political, Economic, Social, Technical, Legal &mavironmental) analysis of all the
technology issues generated from each workshopewasred.

3.5.3 Information Representation

Using dedicated roadmapping software created ae isdating to the time taken to
input all the relevant data and associated elentbatsvould support the generation
of specific roadmapping views and the updating @sscThe following data fields

were seen as essential to the roadmapping managproeass:

» Colours — list of colours used to describe a paldictechnology statement

» Currency — date when data was collected

» Date of data entry — important element in termapfating

» Origin — source of information

* Priority level — headline item or sub item

* Relevance — used for information that is eitheedorthe roadmap or
information generated elsewhere

* Research findings — indicates level of activity aodentially maturity levels

* Technology readiness levels — numerate levelsdicate maturity

* Funding sources - origin of funding for activity



Incorporation of the above data fields in the daf@esentation process will allow
a richer picture to be developed. They will alsodree key elements of the

validation process.

3.6 Summary

Critical to the success of developing a successathodology to support the
technology roadmapping process is the individudde are willing to engage in the
process. Examples of participatory research cautibged to provide a framework
for designing a robust data collection methodolagi the focus on individual
participation and as the process develops mowwards group consensus. Existing
methods of data collection that have been useecimiblogy roadmapping such as
Delphi, focus groups, interviews all have strengthd weaknesses, therefore it is
suggested that a mixed method approach utilisindgstmps, questionnaires and
investigation of documents and resources deembd smiitable to support the
generation of the FV (v.3) technology roadmap dtichately influence the
development of an information protocol based oomtological framework. The
research study will contribute to the continuousealieping science of technology
roadmapping by providing an insight into the relaships between what may appear

to be disparate items of information and the discpwf how they interrelate.



Chapter Four: Findings

4.1 Introduction

The aim of this chapter is to present an overviéthe data collected from
workshops and questionnaires used to inform theldpment of version 3 of the
Foresight Vehicle Technology Roadmap. Analysishefdata gathered will inform
the development of an Information Protocol whicl e underpinned by the
ontological framework, introduced in Chapter 2.

Section 4.2 provides an overview of the resulthefPilot Study as well as results
from the first FV workshop. These inform and dentmats the need to further
develop the Methodological framework, which in tlead to refinements of the
Information Protocol. Section 4.3 presents theltesif the questionnaire from the
FV Engine and Powertrain Thematic Group (EPT). Thisllowed by Sections 4.4,
4.5 and 4.6 detailing the results of the three Fvkshops (DMAP, FASMAT and
Stakeholder) are provided in some detail. HereHefrfirst time, the data collected
are associated with technology themes; technolpggunities with timescales;
TRL’s with barriers to technology development. S®at#.7 presents the results
relating to barriers to progress from the threewdrkshops using PESTLE analysis.
The final section provides a summary of the madifgs.

4.2 Development of Methodological Framework

4.2.1 Pilot Study

To further investigate the issues listed in Chaptex pilot study was designed to
elicit the views on future research and technol@gpirements in the area of
rehabilitation engineering. This area was chosahagrogression of knowledge
within this area is often dependent on outsidaugrices such as the development of
lightweight power sources. The pilot study was giesd to discover how decisions
about future research directions were made ancshies that could influence the
development of a technology roadmap in this aradidfpants in the pilot study were
selected from delegates attending th8 &Bnual International Conference of the
IEEE Engineering in Medicine and Biology Societychie September 2003. Six
semi-structured face to face interviews were cdroigt with delegates who were

chosen to represent a diverse range of experigritbackgrounds. Job titles included



Professor of Rehabilitation Engineering, Technizaéctor of a Research Institute,
Lecturer (2), Research Associate and Research i@tuslealysis of the interviews
identified emerging issues such as the range alma@ping timescales used may
have been dependent upon the professional backgjafithe interviewee; the need
for validation of the information represented tmalinformed decisions to be taken
by end users of technology roadmaps, and the yasfetources that were used to
develop future research themes were not taken firaditional sources such as
academic journals but from emerging communicati@dionmms such as email

discussions, electronic blogs and web chats.

4.2.2 Overview of Participants from UK Automotivec$or

As with the two previous versions of the FV teclogyl roadmap (developed in 2001
and 2004), data to populate the roadmap was igisalught from members of the FV
thematic groups, and the wider UK automotive comityuin total, 96 people
representing a wide range of UK organisations ssc®EM’s, KTN’s, parts
manufacturers, funding agencies and academicutistis took part in the data
collection process during 2008. They were askequfdwide information relating to
the future development of low carbon vehicles mtK over a timescale of up to 25

years. Figure 4.1 illustrates the process of dallaction

Industry Wide Workshop 1
February 2008 (4.2.3)

v

FV Engine and Powertrain
Thematic Group Questionnaire

(4.3)

A 4
DMAP Workshop
May 2008 (4.4)

FASMAT Workshop
June 200¢ (4.5)

v

Stakeholder Workshop
Julv 200¢ (4.6)

v

Foresight Vehicle Technology
Roadmap v.3

Figure 4.1 Data Collection Schedule



The process of collecting data to furnish v.3 ef BV technology roadmap evolved
over a 6 month period. Figure 4.1 illustrates theeline of the data collection
process. The NGT data collection process used irkStiop 1 proved to be limited in
success, the process was enhanced during theaqeste design stage to attempt to
collect associated data and more specific inforomatelating to technology issues.
Analysis of this stage of the data collection stal§jestrated that an enhanced NGT
process was appropriate to be utilised for theectithn of data to furnish a technology
roadmap. For the remaining three workshops theadkaction process as illustrated
in Appendix Two was applied. The final workshopal&holder) was included in the
data collection process not only to provide infotiorafor the roadmap but also to use
the results from this workshop to map to the resutim the previous workshops to

ensure a common technology landscape was beindogede

4.2.3 Workshop 1

A total of four industry focused workshops weredh@ebruary to July 2008)

The first in a series of workshops designed to pelpulate version 3 of the Foresight
Vehicle Technology Roadmap was held at BERR in loonoin 6th February 2008.

Participants taking part in Workshop 1 were ideatifoy SMMT and Foresight
Vehicle and were drawn from a wide range of UK orgations representing
industry, academia and other relevant automotigamsations. Email invitations
were sent by SMMT. In all, 34 participants agremtbhke part in the workshop, and
these were organised into six groups, comprising fooups of six, and two groups
of five.

In order to elicit information that would be useddobpulate the roadmap, a series of
tasks within a NGT framework was designed to geeguartinent issues relevant to
the low carbon agenda for vehicles. Although vehprioduction is a global activity,
many of the UK manufacturers being under the ownprsf foreign companies, the

workshop was designed to reflect UK issues andni@olgical challenges.

4.2.4 Analysis of Workshop 1
The data collection process started with all ofdixegroups considering the trigger

guestion



‘In an automotive powertrain context, what are is®ues involved in achieving the
goals of viable, sustainable, environmentally, aate vehicles over the next 25

years?

The trigger question used in the first workshop degeloped during a brainstorming
session by the three core roadmapping team comgiigio FV employees and the
author of this thesis. This approach was takeh@®twas a certain degree of
nervousness surrounding the data collection pro&asgt experience of the data
collection phase in the previous two versions effV technology roadmap identified
an issue that only one individual was responsittalata collection and the potential
bias that could ensue, this led to the decisiohahthis early stage in the
development of v.3 of the FV technology roadmapgiragess, to reduce the risk of
bias more than one individual would take respofigidor trigger question
development. This situation changed after Workshegen the decision was taken
to hand over the responsibility of developing thgder questions for the
guestionnaire and remaining three workshops tatileor of this thesis who had
some experience in developing trigger questionsiserwithin NCT data collection

exercises.

The results from Workshop 1 were all collected agithe one day workshop and as
such, for the purpose of this thesis and the deweémt of an ontology based
information protocol are identified as primary datarces. The idea generation
session yielded 442 responses in total. These mespavere initially grouped using
the headings generated by the individual grougsersecond task of the morning
exercise as shown in Table 4.1. Seven headingsgeserated by workshop
participants, Research and Development, Fuel, Gnesj Commercial Issues,
Legislation, Technology and Targets. Subsequefutither headings, listed below the
main headings were then generated from analystseoivorkshop responses by the
author of this thesis through identification of aoon terms, to further rationalise the
items. After reporting back to all the participaritee six groups then ranked the
responses generated within their group in terntsrascales and priority as shown in
Table 4.1.



Results elicited from Workshop 1 were not all tembgy focused, this in itself posed
a dilemma of whether to change the data colleaimhmethodology or accept that
the focus of v.3 would not be technology. It wasided that for the purpose of v.3
non technology issues such as consumer preferaasass surrounding legislation
and standards would be collected and forwardedpont format, to relevant
organisations for consideration. As a result o thecision, Foresight Vehicle made
the decision that an attempt should be made teadkchnology issues in the
remaining workshops and in the light of this desmsihe data collection methodology
was refined for the questionnaire (i.e. revisiothaf trigger question). As Workshop
1 did not provide the information that was expecthd author of this thesis held a
meeting with four members of Foresight Vehicle igcdss issues relating to data
collection raised during Workshop 1. The suggestvas made by the author of this
thesis to refine the data collection methodologyh®ycollection of associated data
and use a customised NGT process (see appendix Fa@sight Vehicle agreed to

the adoption of the revised data collection metlhaglpfor the remaining workshops.



Table 4.1: Workshop One Issues/Timescales

Urgent

Short term

Mid term

Continuous

R&D

Mobility levels

LCA analysis

Barriers LC fuel

X prize

< |2 |22

Alt powertrains

Hybrid R&D

Promotion of UK R&D

Promotion of R&D culture

Improve simulation packages

Test methodologies

Materials da tabase

Increasing funding

< |2 |22 (=2 <2

Fuel

Low carbon energy

Refuelling

Sustainable electricity

Energy fuel policy

Fuel supply network

FC cost reduction

Greener bio fuels

H refuelling standards

2|22 |22

Consumers

Individual carbon a/c’s

LC vehicle demand

Expand Act on CQ

Green education

Low carbon good news stories

Enabling education

Commercial Issues

Investment incentives

Industrial collaborations

Cost /benefit ratios

R P P 2|2 <2

Legislation

International standards

Regulatory roadblocks

Policy targets

Infrastructure planning

Stakeholder dialogue

Long term policies

2|2 |22

Technology

Assessment framework

Technology vision

Recycling and reuse

Infrastructure solutions

Technology demos

Roadmap maintenance

Targets

ITS standards

Fiscal incentives

Training

<< <2

Tech transfer

Prioritise requirements




4.2.5 Ranking of Priorities by all Groups

During Workshop 1, it became quickly evident tissties other than those focused on
technology were emerging. The decision was takeskagarticipants to rank the
output of the workshop anyway. It was hoped thist ¢éxercise would help to clarify
the importance of the issues generated as at dinatip time no structure on which to
base roadmap headlines was emerging. In Tableedo@vbthe five issues that were
agreed upon by all the six groups taking part irk&bop 1 as being the most
important to the development of technology withia tJK automotive industry are
listed. All five issues focus on non technical @eges, however they were all deemed
to be essential integral elements required forrteldgy advancement, and
fundamental enablers to pave the way for techneotp be rolled out for use in

future vehicle developmenlthough they were not seen as roadmap headlirgs an
therefore outside the remit of roadmapping actjuite information gathered would

be forwarded to relevant organisations to be asdemsd discussed.

Table 4.2: Most Important Priorities

Long term planning — regular reviews

Common approach of LCA methodologies

Identify and quantify transport fuel availabilitysom low carbon energy pathways

Increased investment by factor of 5 for low carlehicle technology by funding

industrial and academic research budgets

Development of hydrogen refuelling infrastructutensiards

Table 4.3 represents the priorities ranked secgneldrkshop participants in terms of
importance. Government involvement to develop ampate policies appears to be
critical along with the further development of pialty campaigns to raise awareness
of low carbon vehicles. Investment in R & D and éwelution of appropriate

methodologies was also deemed to be of signifitaportance.



Table 4.3: Priorities Ranked 2nd in Terms of Imporeince

Generate energy & fuel policy

Test methodologies should not discourage new tdobies

Establish assessment framework for new technoldgipsovide common format for
calculation and communication of total carbon aivatet, lifecycle energy efficiency

and total environmental impact assessment.

Invest in R&D of hybrids, plug in hybrids and eleéctvehicles and implications for

national grid.

Expand role of the UK Government’s ‘Act on g @ampaign to encourage the
acceptance of low carbon vehicles.

The five priorities represented in Table 4.4 weneked third by workshop
participants in terms of importance focused upsnes that were not directly
associated with technological developments. Howedfies set of priorities
highlighted potential barriers to technologicaloration such as lack of investment

and development of appropriate strategies.

Table 4.4: Priorities Ranked 3rd in Terms of Importance

Promote challenging target based R&D culture

Propose solutions to weaknesses in infrastructure

Develop and articulate clear strategy combiningtsieom gains and positioning for

long term objectives

Investment in technology for fuel cell cost redantihydrogen infrastructure, on

board storage

Cost effective sustainable production of electyiaihd distribution to support

national, regional and/or local refuelling

The priorities ranked fourth in terms of prioriti@s indicated in Table 4.5,
highlighted the need for activities relating to fremotion of the low carbon agenda.
At the commencement of the process to collect tatarnish v.3 FV roadmap it was
envisaged by the organisation funding the dataecbtn process that v.3 of the
roadmap should reflect current government policyinlg the low carbon agenda. The



role of government in technology development amdutilisation of technologies

from parallel industries is reflected in these hessu

Table 4.5: Priorities Ranked 4th in Terms of Importance

Educate & promote green views

Improve simulation packages

Develop alternative fuel supply network

Government need to consult with stakeholders talsar consistent long term

policies (including targets) for 25 years

Utilise technology transfer from motorsport suclteasrgy recovery systems

The issues raised in Table 4.6 reinforce thoseesgmted in Tables 4.2 to 4.5. The
ranking of the issues focus on solutions that diteputside the remit of the UK
automotive industry such as the development of@ppate policies to support
technological innovation. The relative importanééhe issues raised will be cross

checked against the output from the remaining wogs.

Table 4.6: Priorities ranked 5" in terms of importance

Study different levels of mobility and requiremefus sustainability

Input from stakeholders to form legislation

Support demonstration of long term technologiea agans to accelerate their
development, selected on basis of ability to meeg term goals, not short term

performance

Find ways of producing greener bio fuels

Training to support the introduction and rolloutn&fw technologies accessible to

industry.

4.2.6 Post Workshop Activity

Many of the workshop participants expressed a wadie kept informed of the
outcomes of the workshop once the data analysisdkah place. After the workshop,
a report (confidential) was sent to all particiglngting all the key outcomes. They
were all encouraged to update the roadmapping bsaemail with any changes to the

technology landscape within their area of experasdt was being developed.



The responses elicited during Workshop 1 were héé@hnology focused, manually
analysing the responses, looking for common temmishe#adings highlighted a large
number of non technical issues which for the puepmfd=V roadmap development
were deemed to be of secondary importance but woftforwarding on to relevant
government departments for consideration, assusameee given to workshop
participants that this would be carried out. A doemt listing these non-technical
issues was subsequently forwarded to the Societ§otdr Manufacturers and
Traders (SMMT) for consideration.

Limitations to the data collection process, inchglresponses that were not expected,
dominance within two of the groups of forceful midiuals who were determined to
get there opinion across and were unwilling todwlthe process of equal
participation during the NGT process and one fetdr who dominated the
discussion process and did not fulfil the role of participatory facilitator (only
revealed during the actual workshop) and analyfsiseodata from Workshop 1 did
not contribute as much as expected to the developaia framework to support the
design of the roadmap. At this point the data ctibe techniques used in Workshop
1 were reviewed, the author of this thesis suggesia further clarity was required in
regard to the outcome statements generated indhiestwops and suggested that there
was an opportunity at future workshops to collesiogiated data such as technology
readiness levels, area of activity, state of tetdgical maturity and barriers to
technology development could be incorporated ineodata collection phase.

The design and development of a questionnaireAppendix Four) which would
identify technology opportunities and associatetd eaas undertaken by the author of
this thesis. The questionnaire was designed ta edgponses that would inform the
development of an ontological approach to be ta@ehe representation of data and
development of an information protocol to suppbet gieneration of technology
roadmaps in general and in particular v.3 of thet€dhnology roadmap and any

subsequent versions.

4.3  Thematic Group Questionnaires

Although the industry workshop generated a largalmer of issues concern was
expressed that they were not technology focuseels@ hon-technological issues
were deemed to be outside the remit of v.3 of edadmap. To address this issue

and also to clarify if non-technological issuesuadliy were the focus of v.3, it was



decided to send a questionnaire by email to th&Ryine and Powertrain thematic
group membership to elicit further data. Agreenterthis activity was sought and
granted at a thematic group meeting held in A@0& The questionnaire which can
be found in Appendix Four was sent out electrofydal 30 email addresses by a
Foresight Vehicle employee in May 2008. The quesi#re posed the question

‘In your opinion what are the issues (technical onnechnical) associated with the

development of low carbon vehicles?’

In total 20 completed questionnaires were returadpugh the level of detail in

each of the completed questionnaires varied coraitle the responses demonstrated
that associated data, such as that listed in Figy@reould be collected and also
improve the clarity and understanding of the tedbgny opportunities which in turn
would aid the development of V.3 of the FV techigglooadmap, improving on the
structure of the previous two versions. Initial lgaes of the results allowed
relationships between technology opportunitiesgaedentified as shown in Figure

4.3. The results obtained from the questionnaimnald for the first time for a

different (ontological) approach to be taken witlgard to the representation of the
results unlike the traditional hierarchical fornuaed to represent technology issues in
roadmap formats in the past. Further detailedyasrsabf the questionnaire responses

can be found in Appendix Six.

Technology

Opportunity

Figure 4.2 Technology Opportunities and AssociateBata
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Figure 4.3 Questionnaire Results

Four main technology themes emerged from the quesdire, Electric Vehicles,
Hybrids, Energy and Intelligent Transport systefii§). Further manual analysis of
the technology themes generated indicated thdaaamship could be established
with the remaining technology themes as shownguié 4.3. All the results are set
in the context of vehicle manufacture in the UKeTkpresentation of the technology
themes obtained from the questionnaire resultssdlsas that links can be made with
technology themes not listed in under the same thaime, for example Batteries
have a direct relationship with Hybrid Vehiclest ban also be associated with
Materials and the high level theme Energy (theskslivere made not from personal
experience of the author of this thesis but fromments recorded on the
guestionnaire). For the first time in the dataedion process, the link between data
items has been made either by relationship betwesd#mology opportunities or
association with technology themes allowing an lmgfical representation process to
generate information in roadmap format to begibhdaeveloped. Information
gathered during the remaining workshops would bugddn the results gathered from

the questionnaire.



4.4  Design, Manufacturing and Processes (DMAP) Wosdhop May 2008

The methodology applied to DMAP workshop was desigio generate technology
issues and opportunities using the NGT processetemin order to collect
associated data the format of the data collectamhtb be expanded using the format
tested in the Engine and Powertrain questionnarieirn this would inevitably have
implications and opportunities for data analysise Tvording of the trigger question
used in the remaining three workshops was changddebauthor of this thesis to
reflect the desire to collect data relating to textbgy opportunities.

‘In your opinion what are the technical opporturst@ssociated with the development

of low carbon vehicles in the UK over the next 2arg?’

4.4.1 Overview of Workshop Participants

Invitations were sent out to 44 potential DMAP watkp participants who were
selected to represent as wide a range of viewssslge from academia, local and
national governments, industry and the commereietios. 20 participants indicated
their willingness to attend the workshop and oftdl2 attended on the day in May
2008. The participants represented automotiver@aigquipment manufacturers
(OEM) located in the UK (2), UK suppliers to the@motive sector (4) UK
government (1) UK academia (4) and Industry Assmma (1).

4.4.2 Structure of workshop data collection tasks.
Table 4.7: Workshop Tasks

Task One | Generate technology themes by individual partidipan

Task Two | Generate technology opportunities, (linked to déardevel
technology theme), technology readiness levels, aractivity and

barriers, in silence by individual participants

Task Three | General discussion and group consensus regardisgimportant

issues by voting as a group

4.4.3 Task One — generating technology themes
The first task of the DMAP workshop required pap@nts to generate on an
individual basis technology themes that directlgted to the three high level



technology impact areas of Economics, Environmadt$ocial. This activity resulted
in the generation of 32 technology themes deemée televant to the development
of this area of the Foresight Vehicle Technologw&uoap. Of the 32 technology
themes, only 17 were populated with related tearyobpportunity statements and
associated data as represented in Figure 4.4. ivieoBmental Impact Area attracted
the highest number of Technology Themes (20), Wit equally by the Economic
and Social (16). This pattern was repeated whelysing the Technology Impact
Areas that were actually populated with Technoldggmes and related Technology
Opportunity statements, Environment attracted tgkedst number of populated

Technology Themes (8) followed equally by Econoamd Social Impact Areas (6)

25
g 20
m Not populated

5 15 - pop
g 10 - @ Populated Technology
2 Themes

5 -
o
5

0

Economic Environment Social
Technology Impact Areas

Figure 4.4: Technology Impact Areas

4.4.4 Task Two: generating technology opportunities

The first activity of task two was to identify teablogy opportunities. Workshop
participants were encouraged to work alone dutmgelement of the task. Analysis
of the technology opportunities enabled 17 of tighér level technology themes to
be populated. Following analysis, it became appgatet four of the technology
themes (Manufacturing, Re-use, Energy and Safety)dttracted the majority of the
technology opportunities, these were acknowledgdzkthigh level roadmap headline
themes as shown in Figure 4.5 The next stageedditialysis was to establish links
between the remaining technology themes by anajyeichnology opportunities
generated by workshop participants. Further analysihe technology opportunities

collected during the DMAP workshop can be foundppendix Seven.
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Figure 4.5 Technology Themes Generated during DMA®orkshop

4.4.5 Task Three

The final activity of the DMAP workshop was a dission to review barriers, discuss
conflicts and determine solutions. Consensus washedl that the two most important
issues generated from the DMAP workshop were lgkcgnalysis and modelling and
simulation. After some discussion it was agreed ithgeneral terms both statements
meant the same thing as the focus of the FV TeolgydRoadmap is UK orientated.
An important outcome of the discussion on this pwias that although global
perspectives were important, UK focus must alwaysattthe centre of any activity.
Other issues discussed were low cost assemblyinlestment, small vehicles,

hybrid structures, communication protocols, vehasiehitectures, remanufacture and



disassembly. The discussion was limited due tatméidential nature of some of the
technology issues discussed, although workshopcymmts acknowledged that the
workshop provided the opportunity to discuss geniesues common to the UK
automotive industry. Notes of the discussion weaadcribed and analysed and the
results mapped to those obtained during the endalGa process in order to check
that the output by individual participants was dfied by the group discussion
undertaken during task three.

Technology Theme
Task 1

Technology
Opportunities can be
linked to more than
one Technology Theme

Low
Carbon
Vehicles

Technology Opportunity
Task 2

Figure 4.6 Ontological Representation of Task 1 and

The model of data representation shown in Figudenvés followed for all the output
from the questionnaire and the remaining 3 workshbjowever this hierarchical
representation of the roadmap information doesnmibtate how much related
information is hidden behind the entities. As sacminformation was collected and
existing technology roadmap representation teclasigise bars against pre-
determined timescales, it is envisaged that reptegpthe data in the suggested
format will allow for different roadmap views to bleveloped.



4.5 Fasmat Workshop (June 2008)

4.5.1 Overview of Workshop Participants

The format for the FASMAT workshop followed the pess adopted for the DMAP
workshop. Invitations were sent out via the Fores\gehicle organisation to the
membership of the FASMAT thematic group compris3@gpotential workshop
participants selected to cover a range of viewsifacademia, local and national
governments, industry and the commercial sectopat8Bcipants indicated their
willingness to attend the workshop and of thoseati®nded on the day in June 2008.
The participants represented several automotivgnali equipment manufacturers
(OEM) located in the UK (6), UK suppliers to the@motive sector (2) UK
government (2) UK academia (2), KTN's (1), Indushssociations (2) and UK
Regional Development Agency (RDA) (1).

45.2 Task One

The first task of the FASMAT workshop required papants to generate, as in the
previous workshop, technology themes that direetigted to the three high level
technology impact areas of Economics, Environmadt$ocial. This activity resulted
in the generation of twenty three technology thede=med to be relevant to the
development of this area of the Foresight Vehigelihology Roadmap (v.3). Of the
twenty three technology themes, only sixteen wepated with related technology
opportunity statements and associated data assespesl in Fig. 4.7. The
Environmental Impact Area attracted the highestlmemof Technology Themes (9),
followed by Social (8) and then Economic (6). Theefinology Impact Areas that
were actually populated with Technology Themesratated Technology
Opportunity statements, Environment and Sociahetidd equally the number of

populated Technology Themes (6) and Economic Impesa (4)
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Figure 4.7: Technology Impact Areas

45.3 Task Two - Technology Themes

Analysis of the results generated during the FASM#orkshop elicited four main
technology themes, Low cost Manufacture, Intelligeransport Systems, Energy and
Re-Use. A further 19 technology themes were idieatiivhich related to the four

main headings as shown in Figure 4.8.
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Figure 4.8 FASMAT Technology Themes

Analysis of the technology opportunities generatedng Task Two did not elicit the
information that supported the generation of libkswveen the technology themes as
represented in Figure 4.8 unlike those generatedgithe DMAP workshop.
Subsequent discussions with individual membersooé$ight Vehicle who



demonstrated expertise in the field of Materiaticgated that the majority of the
themes were longstanding and the technology oppities well established although
solutions were not always mature and analysis sd@ated data such as technology
readiness levels indicated that there were songetlenm problems such as in the area

of joining techniques that did not have a relatiopsvith other technology themes.

45.4 Task Three

As with the previous workshop, a discussion ofitleekshop output was held. Unlike
the previous workshop, individual participants werere willing to discuss issues
and to some extent to share ideas and potentigtiGio$ to issues raised during the
workshop. A number of workshop participants comradrihat they had been
involved in data collection process for technologgdmapping previously but felt
that the process used to generate data in thisslvogkoffered that opportunity for all
participants to take part on an individual basig #re level of intimidation felt by
some not to challenge an ‘expert’ view was redu€edther analysis of the data

collected during the FASMAT workshop can be foumd\ppendix Eight.



Chapter Five — Information Protocol

5.1 Introduction

The aim of this chapter is to establish a 4 sta@g@mation protocol as a candidate
solution to addresses the lack of a robust anda@utisl framework that supports the
development and maintenance of sector level teolgyalbadmaps. Section 5.2
considers the elements required at the level of@admapping activity to support the
process. The components to ensure that a comprebetaa collection stage is
achieved are presented in Section 5.3. The repagenof the information and
associated issues is dealt with in Section 5.4t-Rmdmap issues are considered in
Section 5.4. The chapter concludes with a summiitye components that are

bought together to create a Technology Roadmagpfognation Protocol.

Figure 5.1 illustrates the structure of the Infotiora protocol, the four stage process

and the elements that make up the protocol.
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Figure 5.1: Information Protocol

5.2 Roadmapping Activity

Over the last 30 years, methods have been devetopmdate technology roadmaps.
They do not answer the question of how to devealgmesent information and
maintain technology roadmaps, regardless of foeusector or organisation. This is

reinforced by searching for the term ‘how to depedactechnology roadmap’ using the



Google search engine.- This search only returreethesults, each of which are
inappropriate for use and do not lead to any gindslor protocols or offer solutions

to the problem of how to carry out the roadmappireress (22 May 2009).

By focusing on the data capture process, the irdtion representation and the
updating process, the development of an informatirotocol in this area to support
the roadmapping process is long overdue. An inftiongrotocol will create a

flexible dynamic blueprint to define, develop, iraplent, and maintain a robust
technology roadmap that addresses the requirerogtite industry that it serves, by
creating a rich picture to support the decision imgprocess. The development of an
information protocol will also facilitate the deegiment of technology roadmaps by
personnel who have the requisite key skills to rgartae process of the generation of
a comprehensive technology roadmap without a langeunt of subject or industry

knowledge

The information protocol should evolve in the comtaf the requirements needed to
support the facilitation of strategic objectivelsow relationships between research
and commercial activities, allow recognition of queting technologies, barriers to
progression and draw information from other disogd to develop a consensus view

of the future.

5.3 Personnel

It is desirable to form a ‘roadmapping team’ idgalteam of three people, one with
subject knowledge, one with experience in infororatnanagement, and one with
knowledge and experience of project managementelibe danger if one person is
responsible for the roadmapping process, bias reagttoduced into the process and
the roadmap may be seen by the user communitytakermlders to reflect the views
of one person. The roadmapping team should be o@adé good communicators,
who are able to demonstrate ability, flexibilitydawillingness to take on board new
ideas. Roadmapping personnel should be experigraedplayers, to ensure
transparency in all phases of the process, aldityork to tight deadlines, and
willing to make commitment to the process. Othsués that need to be taken into
consideration include:

i). Assign Responsibilities



Each member of the team should be responsiblepfexific pre-determined
tasks which include contact with key organisatiand stakeholders,
responsibility for organisation of the workshopther methods of data
collection that are deemed to be appropriate. Gtemapping team tasks
include accountability for financial resources,jiefhmore often than not are
finite, and scarce, data and information managémeluding the validation
process, and publication issues. Although respditgifor each of the tasks
can be assigned to one person, the other membirs madmapping team
need to be aware of what other team members amg ttocase they have to

step in and take over a task at any time.

i). Administration

Essential to the successful management of the rapgimg process iseffective
and regular communication between team membergrdace to face or
otherwise in order to keep up to progress with visngbing on. It is vital
to ensure that the roadmapping team set up mutagitlsed procedures, that
regular audit is carried out throughout the progessder to demonstrate
transparency to all stakeholders in the roadmappiagess. Frequent reports
to ensure process is kept to time are essentiatamdbe utilised as an aid for

future roadmap development.

5.4  Participants

In order to generate a sector level roadmap, teergquirement is to decide focus,
such as in the case of the FV technology roadmaghwtas a UK focus although the
UK automotive industry operates and has to takedonsideration global influences.
At sector level the organisations that need tmlelved in all stages of the process
[not just data collection], are academic institnpindustry associations,
representatives of relevant government departmkamge scale industrial and/or
commercial organisations, representative SME’slaodies responsible for research
funding (if appropriate). It is critical to theadmapping process that the
identification of potential participating organisats is an activity that is carried out at
the beginning of the roadmapping process. The mpka the participating
organisations should not be influenced by how dalmapping process has been

funded, to negate any issues of bias.



55 Scope

In order to define the intended scope of the teldgyoroadmap, the roadmapping
team need to create an outline document that cenédii the activity required to
produce the roadmap, with built in contingencyltovafor the inevitable unforeseen
problems that will occur. Defining the scope of tbadmap will ensure that all the
roadmapping team will have an understanding ofgbges, know what activities will
need to be undertaken when, why and where.. Theesafothe roadmap will need to

include the following issues.

5.5.1 User Community
A successful technology roadmap will be dependpnohuhe organisations and
individuals who use the roadmap. At the designestdte intended user audience

should be identified to ensure that data are cagdtfrom all relevant stakeholders.

5.5.2 Variables

The decision needs to be taken upon which variabke$ixed and appear in all
roadmap views; items such as legislation shouldidsed as fixed variables.
Information that is not fixed, such as that colsecfrom specific workshops may
often appear in specific roadmap views and onlyel@ntext within that view.

5.5.3 Influences: Internal and/or External

The roadmap may often reflect the influences thatcarrent during the data
collection phase of the process. It is importardadknowledge that issues which
influence the development of the roadmap are wedyd technical. For example, a
roadmap developed during the current recessior9)260ikely to capture issues
specifically relevant to the economic climate timaty affect opinions on both
technical and non technical issues. In this scenamay be prudent to build more

review and update cycles into the process.

5.5.4 Technology
It is expected that all elements of the roadmé#gdedo the development of
technology. -Non-technical issues should demorestedevance to technical issues.

The data collection element of the roadmappinggssoffers the community the



opportunity to voice non-technical concerns, engageshop participants,
stakeholder groups and the wider industrial commtyuni ensure that all issues,
whether technical or non technical are embeddedepesented with appropriated
linkages to related items of information.

5.5.5 Political Issues

Although politics is included as a technology impa®a at the highest level of the
technology roadmapping process, it is importaradknowledge that political issues
can also be embedded in the technology opportsriligt are generated through the
data collection phase. Representation of poliigsies may highlight barriers that

impede technology development and as such neesl ligghlighted.

5.5.6 Financial Considerations

The technology roadmapping process is an intemsshyurce intensive exercise. In
order to see the process through to its conclugianjmperative that sufficient
resources are allocated, with a contingency furmbt@r unexpected costs. In terms
of developing a sector level roadmap, the fundsteer development costs can be
sourced from one or several organisations. Cardsieebe taken that allocation of
funds do not impede the roadmapping process bydating bias into, or
jeopardising the final output. Sufficient fund shibbe sourced to include the
updating phase of the roadmapping process. Suctéssiinology roadmaps are not
stand alone publications, they can only be deemée of value if they are reviewed

and updated as and when necessary, this inevialslyinancial implications.

5.5.7 Objectives

Developing roadmapping objectives will support deelopment of the framework
that is essential for both the data collection gnedinformation representation phase
of the process. With regard to the developmentofas level technology roadmaps,

industry-wide objectives should also be considered.

5.6 Documentation
The documentation generated by the technology rapgmg process should be

concise and address the needs of the intendednaediee that be the roadmapping



team, participants in the data collection processhe wider stakeholder community.

The following issues need to be addressed in anyrdentation that is generated.

5.6.1 Clarify Purpose of Process

Clarity of the purpose of the process is criticahvoid any misunderstandings in
terms of what the desired outcome of the roadmappmiacess is to all stakeholders .
This information should be distributed to particitmand stakeholder organisations
prior to any data collection activity

5.6.2 Guidelines

Any guidelines generated to support the roadmappiagess at sector level should
ensure that data are drawn from a broad rangeuwtss. Guidelines should promote
efficiency and produce credible outcomes for aaliae range of stakeholders. This
in turn will ensure the provision of high qualityformation is available to all

stakeholders regardless of specific requiremertis as customised views.

5.6.3 Transparency

Demonstrating transparency in the roadmap proasbe achieved by validation of
the data collected, as well as making roadmappoogitientation freely available.
Transparency in the roadmapping process will sugpercore objectives of the
roadmap and raise the level of confidence in tlaglmap by end users and
stakeholders. It will help to raise awareness dhtbechnical and non-technical
issues, providing the wider community with confide that the knowledge gained
from the roadmap has been developed using rigarpes processes. Achieving
transparency in the roadmapping process may ukimbe an important element that
can drive technology development and support cotktion across stakeholder

groups.

5.6.4 Timing

Timing in relation to roadmapping can be split ibnk@ elements: the first is the
timescale estimated to develop the roadmap. Indrio scope the timeframe,
consideration should be given to pre-roadmappinigigcsuch as identifying and
building the roadmapping team, the data collegpimtess (which should take place

over a 2 to 3 month period), analysis will alwagke longer than expected as will the



representation phase. The second element to comsldies to the time dimension as
represented on the roadmap views. Many roadmapsseqt time over a 1 to 5 year
timescale, but there is no reason if data are @vailthat the timescale cannot range
from one to ten years or even one to 20 years plagever, accuracy of and
confidence in the information represented in ttedmap views may diminish over
time. The ability to manipulate the roadmap viewsg defined timescales is a level
of flexibility that is desirable, and should be Ibuito the process during the scoping
exercise. A further aspect is to relate the tinpgasented in the roadmap to a strategic
time horizon of the industry involved — so it midig expected that an energy
roadmap has a 50 year time horizon, whereas goman®admap may be half that

value.

5.6.5 Communications

Effective communication throughout the roadmapgracess is essential to ensure
that a robust and useful technology roadmap isldped. Communication between
the roadmapping team at all times should be maiedeeither by face to face meeting
or using electronic communications. Consideratioousd be given to setting up a
roadmap website where updates relating to proga@sbe posted and also give the
target community the opportunity to feed into tlaga collection process as well as
providing feedback on progress so far.

5.7 Data Collection

Data collection is a critical element of the tedimgy roadmapping process. The goal
of the data collection process is to collect a botdknowledge from a diverse range
of sources (documentary and human) ensuring theglalant and appropriate
knowledge can be captured. The success or faifuredinished roadmap is

dependent on the quality of the data collected.

5.7.1 Pre-Data Collection
Prior to the workshops, any relevant documentslghoeisent out to participants. A
request for a list of keywords should be made estime time (used to generate

metadata if the roadmap is generated in an elactformat). It is essential to send



out the proposed workshop agenda with contactldetbihe roadmapping team if
clarification of objectives prior to the workshaprequired.

5.7.2 Workshops

An appropriate number of one day workshops to ca@lcomprehensive range of
technology and non-technology issues should benptanThe workshops should be
divided into subject areas with the aim of attragtat least 15 -20 participants per
workshop. The final workshop of the data collectdrase should be made up of a

stakeholder group to fulfil two aims:

). to collect data and validate headline issussegated from the previous

workshops; and,

ii). vote upon the most important issues as agraot on an individual basis,
keeping up to date with what is going on, whickvis/ regular
communication between the team is vital.

Researcher activity during workshop phase
Workshop 1
Pre workshop

» Develop trigger question (as part of team)

During workshop
» Facilitate generation of issues

» Discussions re responses
Questionnaire
* Reuvise trigger question to focus on technologyassur challenges

* Introduce associated data such as TRL'’s, areatioftgctime to maturity,
barriers

» Capture responses via email
* Analyse results

» Compare with results of workshop 1 in terms of atitp

Revise methodology for remaining workshops (3)

DMAP, FASMAT and Stakeholder workshops



Pre workshops

Revision of trigger question to focus on technologyortunities

Customise NGT process to include collection of eisded data items

During workshop

Facilitate data collection pro
Task One
Facilitate generation of technology themes by iittlial participants in silence

Map technology themes to the three high level impagas (Economic,
environment and Social) — during coffee break

As a group, participants asked to agree mappirnlerhes

Task Two

Working as individuals in silence, participants gexte one technology
opportunity per card (not restricted in number)

Facilitate linking of associated data on each cachnology theme, TRL
levels, time to maturity, and area of activity.

Still working as individuals, participants giveregn pen and asked to record
barriers to progress on each card (not restricteshé barrier per card)

Researcher/facilitator collected all completed saeshd then listed them under
technology themes already generated.

Task Three

Participants given 8 sticky labels asked to loo&lkthe cards generated
during the workshop (30 minutes allocated for th&gk). Asked to allocate
stickers to the cards that they ranked as the mugirtant — not restricted to
one sticker one card.

Researcher led general discussion (notes taketmearechnology
opportunities generated during the workshop — legkor general consensus

Undertaken given to feedback results from worksiogparticipants.

5.7.3 Facilitation

The data collection element of the technology roagiamg process requires an

experienced facilitator who can keep the workslwjinie and who does not



introduce bias into the process. Facilitators dohawe to have extensive subject

knowledge; in fact ‘expert’ knowledge may impede frocess.

5.7.4 Data Capture

Using a NGT ‘plus’ approach, data can be generabed individual workshop
participants (in silence). Five essential elemeeed to be captured (see Appendix
three for example), including: technology themehtelogy opportunity and
associated data which includes appropriate techgaladiness level, time to limited
or mass scale production, where current activitgksng place (UK or non-UK
academia, industrial research and development aufaeture). There is no limit to
how many technology opportunities can be genefayaddividual participants. Still
working on an individual basis, participants shdogdencouraged to record barriers

to progress (can be more than one per technologgramity).

5.7.5 Feedback

During the workshop, issues are collated by thepeddent facilitator. Grouping the
data by technology themes is carried out and tedrback to workshop participants
during an open forum. A discussion led by the fatdr then takes place and
agreement is sought from participants that alest@nts generated during the
workshop process can be understood by all. Eigtetsvare then distributed to all
workshop participants, which are used by individualdecide which technology
issues are of the highest priority. The resultsf exercise helps to achieve group
consensus of the priority issues that will feed e roadmap and create the high
level headlines.

5.7.6 Questionnaires

As the data collection process develops, questioggimay be the most cost effective
way of collecting data to populate the roadmapfahith any identified gaps in
knowledge. The questionnaire should be developdatidgore roadmapping team but
prior to publication should be reviewed by at |leasi or three people outside the
core team to remove any possibility of ambiguitieTquestionnaire should contain
information as to why data are being collectedwhpm, and upon whose authority.
A contact name should always be included. If pdsdiie trigger questions that were

developed for the workshop data collection exersisaild be used to ensure that the



data collected by the questionnaires add to thg bbtechnology issues and
opportunities already collected. Care should beriakith the use of technical
language as the responses may be from a dispargge of sources. If the
guestionnaire is being sent out electronically thevould be prudent to ensure that
all responses are returned in a MS Excel® fornsathes will reduce the need and

time for data entry.

5.8 Information Management

Information management is dependent upon the methatris decided upon for
publication. However even if a paper-based reoproduced it is highly likely that
the roadmap will bestored in a digital format adlweis essential that information
management is viewed and treated as an importage gt the development of any

technology roadmap. Important elements are disdussie following sections.

5.8.1 Information Representation

As stated in Chapter 2 there are various waysmesenting information in a
roadmap view. Information must be clear, concisaststent, unambiguous, and
easily assessable. The core roadmapping team saioult organise information in
such a way that customised views can be creatadd&td items of data should be
identified, to ensure they are embedded and cafwm@eard in future reviews as
legacy items. The language that is used to devb®poadmap should be universally
understood in the specific technical domain. Indage of the roadmap being
generated in a digital format, the usual type pfesentation utilised is bars to

represent timescales and triangles to represeastoiles on the roadmap landscape.

5.8.2 Ontology Representation

There are many examples of the development andfum@ologies especially in the
software development arena; however a lack ofditee suggests that currently there
are no standard methodologies for the representafiontologies. The information
protocol suggested in this chapter shows thatnia¢ysis of the technology
opportunities generated during the data collegtioaise allows mapping to
technology themes and impact areas as shown iwhelBigure 5.2. Analysis and

representation using the format suggested alswsfor more than a hierarchical



representation but for the first time also putsvemd a methodology that identifies
relationships between entities, this in turn cdovmab disparate number of roadmap
views to be developed.

Ontologies should facilitate knowledge sharing 8kiice (1995) comments that the
lack of ontologies is “one of the main barriereftective knowledge sharing”. In
order to sustain future versions of the Foresigttivle technology roadmap, an
ontological approach within the information protbaall support a common
representation framework which will in turn faalie knowledge sharing in a sector

that traditionally operates in a commercially cdefitial environment.

Technology Theme

Technology
Opportunities can be
linked to more than
one Technology Theme

Low
Carbon
Vehicles

Technology Opportunity

Figure 5.2. Ontological Structure of Data

At the beginning of the data collection for a set¢vel roadmap such as the
Foresight Vehicle roadmap, the impact areas (Ecarydemvironmental and Social)
are the only data items that are predefined po@mnty data collection activity. In
terms of representation they are seen as ancherslied the information

represented. Their individual importance is vaeadohd dependent upon the political



drivers at the time of roadmap development. Whe&ro¥the FV roadmap was in
development, safety of drivers, passengers andspéies was of paramount
importance and therefore Economic and Social impeeAs were heavily populated
with data. Priorities and the political landscapé lshanged when the time came
(2007/8) to develop v.3 of the roadmap. Developmeat set in the context of a low
carbon economy and it was assumed (later to berowd) that importance would be

focused on Environmental and Economic impact areas.

It is impossible and unwise to second guess wicantdogy themes will be generated
from the data collection phase. However it is eegagnt with participants through a
consensus led NGT process during the workshopsekasls technology themes that
can be used to develop the roadmap framework. kEstaly the most important
themes enables the development of roadmap headinkei is important to realise
that for some end users of the roadmap, headlimgsom sufficient. Other users will
require more detail and it is at this point thag iilmportance of the technology
opportunities collected at the same time as thent@ogy themes becomes apparent.
The linking of the technology themes and opportasienables a richer picture to be
created and makes it possible for associated irgtom required for validation to be
easily accessed. Through analysis of the dataatetlat is possible to create a one
dimensional hierarchical roadmap, but this doesmiself create an ontological
approach to technology roadmapping and does nisfystite increasingly
sophisticated information requirements of end uskne collection of associated data
relating to technology opportunities is a critiel@ment that allows the development
of an ontological approach to roadmapping that kenlaiks to be made between
disparate items of information. Using this approadbchnology opportunity can be
linked to more than one technology theme, thusticrg#he potential for a multi

dimensional technology roadmap and customised views created.
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Figure 5.3: Associated Data

Associated data such as TRL’s and barriers to tdogg development allow
interrogation of the roadmap to provide informatiora disparate group of end users.
Expanding the range of TRL'’s for example to incl@@vhere no activity is taking
place) can inform funding bodies which areas ofitetogy development to allocate
scarce resources. By linking these data items girdle technology opportunities
and themes, effective management of technologyldewent can be assisted. An
ontological approach to information representatian provide links across
technology roadmaps, functioning as a multi dimemsi roadmap view unlike
established roadmap views that represent informati@ one dimensional format.

5.8.3 Information Manipulation

Keywords that are generated through the data ¢amlfeprocess can be utilised as
metadata if the roadmap is being generated ineutrehic format. The process of
manipulating the data requires a rigorous procesgfollowed at the data collection
stage. Developing quality data leads to a highllefzeonfidence in the data and the
process encourages use and re-use, including ptibhoof different roadmap views.
The data collected to populate the roadmap wilitbeed in electronic format;
therefore there is a need for data integrity wisicbuld be scoped at the pre-data

collection stage. A repository should be createdtare, centralise, and manage



information generated by technology roadmappinggse and also external
information sources (need to differentiate througltbe process). Attention to detail
at this stage encourages the technology roadmapeam to develop a process that

supports ongoing reviews and updates.

5.8.4 Preservation

Roadmaps can be developed using specially devekgfdsare packages such as
Vision Strategist™, or may be developed using widefailable word processing,
spreadsheet and graphics packages. An integragsdrpation policy should be
developed to be deployed during the roadmappinggss In some formats, the data
collected will be stored in digital form, the prgseof digital preservation ensures that
digital files can be accessed and be of some useifuture. With regard to ensuring
ongoing preservation of the roadmap decisions takenld take into account issues
such as to the useful life of the roadmap, andtispective analysis of each version
of the roadmap will be required. Roadmaps thabatese only in the short term will
require little or no action, medium term use wafuire day to day management of the
way chosen to store and represent the informati@msure that access to the
information remains for as long as possible. Snsthand continual use requires
ongoing access to the roadmap and the informatatamed, for a pre-determined
period. The preservation of electronically genatdaézhnology roadmaps should be
supported by an interoperability framework i.e.thg use of open source software
and internationally recognised standard formatsmamtain the information in a

usable format, one of the following approaches khba adopted:

I). Emulation: the imitation of obsolete systenmsfoture generations of
computers, so that the emulated software can iekdigitally stored

information accessible whenever required; and,

i). Migration: the transfer of digitally storedformation from one generation
of technology to the next. Migration preservesitifiermation content of the
information but does not necessarily result iregact digital replica, and may
not include some or all of the original featuréslisplay function and

appearance.



Development of a preservation policy should be araged in order to ensure that
access to past versions of a roadmap in the fwatdd be safeguarded, as they might
demonstrate a value in their own right. Considerashould also be given to the
creation of a paper based report to support theucapf technology issues, the
information mapped to technology themes and impeezs, along with the
identification of key personnel involved in the geation of the roadmap, the review
process undertaken and any gaps that have bedifi@tkthat need to be addressed

and monitored within pre determined timescales.

5.9  Validation

The validation process is critical to the succdsstechnology roadmap regardless of
industry or sector as is the development of appaitgralidation criteria used to
endorse the data collected and prior to the inftionaepresentation phase.
Attention to this element of the technology roadpiag process may be seen as a
time consuming process, but time invested in dgretpvalidation criteria will
ensure that the roadmap contains quality inforrmamd be of use to a wide user
community. Robust validation criteria will formeltornerstone of generic
roadmapping guidelines and the development of fomrmation protocol from an
ontological approach. Care needs to be taken tesfon the validation of the
information not the process of collecting the imfation. This process should take
into account the requirements of primary and seapndsers, who may approach
roadmaps from different perspectives. The followtnigeria are core to the validation

process:

5.9.1 Authority

In order to support the validity and value of tbadmap several questions need to be
addressed such as where has the information camefit is important to

differentiate between information generated fromksbops, and sector level public
domain documents. Reputable websites may be useidation resources but care
should be taken linking to electronic resourcekéfy promote a particular view that

is not supported by evidence. If information hasrbprovided by an individual,
clarification should be sought as to if they araldied to provide the information,

and if they are willing to put their name to théommation provided. If data are

provided by organisations, before it is includedhie roadmap it should be checked to



ensure that it focuses on technical issues andtiaating as a marketing tool of the

organisation.

5.9.2 Coverage

A robust technology roadmap should ensure thatiéite collected supports the
development of the roadmap and is relevant toubgest area. The information
represented should be comprehensive; any gap®iml&dge should be addressed by
seeking further information from the stakeholdemeoaunity or by consulting subject
documentation. The information represented in tla@map views should contain
sufficient detail in order to generate confidentéhie roadmap. Consideration should
be given to any identifiable links that will furtheupport the information that has
already been collected. Clarification should beghdas to the role of the links made
within the roadmap such as the added value givamycexisting information, and if

the links are of value as an information sourcth@&ir own right.

5.9.3 Accuracy

In order to confirm information accuracy it mayuseful to check against other
resources or with an individual or organisation vilas specialist knowledge.
Clarification to qualify if the information beenrtsugh a process of editing or
refereeing either by individuals or by participaatshe workshops should be sought.
The information represented may be supported blighda peer reviewed research
findings. Evidence that the source may be biaseith@se involved in its production
and/or dissemination is required to be demonstréneithe case of the Internet based
care should be taken to ensure that as the mativadi publish is often focused on
advertising or to support a particular point ofwithat cannot be substantiated in

another format.

5.9.4 Currency

The information represented should be up to daterder to support transparency it
is essential to record when the data was colléatethe date of workshop,
guestionnaire etc. At this point a decision shdaddaken where applicable, how
frequently and/or regularly the information is ® lpdated.

5.10 Representation



Regarding representation the first decision to takehether the roadmap will be
generated in an electronic format or be paper-ba®d will direct the way that the
information will be represented. If a paper baswdfit is chosen, this may mean that
a great deal of text will be generated, the prooésstrieving specific information

may be unwieldy, the opportunity to embed linkaggsnot be exploited and end
users may not view the roadmap as a valuable resdauthey cannot access the

information they require quickly.

If the decision is taken to utilise software tonegent technology issues, then certain
features need to be decided upon. Once data hgum be be analysed, the decision
can be taken as to how to represent timelines,hené¢tiey are to be represented in
equal segments of if in the short term, an exparideel view is required. How many
sections that the roadmap will be divided into &l8o be able to be decided upon
once data has begun to be collected. The managafasdociated links is an issue
that can be dealt with in two ways; one is to @ealink that leads to all the
associated data, the other way is to represeréedhmology issue along side the

associated data, however this may lead to a chatteradmap view.

5.11 Publication

To support the roadmapping process it is essdnt@hsure dissemination is in a
format that can be distributed to the user commyuitite development of high ethical
standards to address the management of poterg@ifydential information, conflicts
of interests, and access levels will support tssainination of the roadmap to users.
The adoption of high ethical standards will safedusgainst technical fraud such as
patent infringement, betraying confidential infotitoa and unduly profiting from
insider knowledge. If necessary, a confidentiadigyeement should be generated to

determine the parameters and guidelines for magaginfidential information.

5.11.1 Post-Roadmap Issues
Due to the level of resources taken to develospaeted valuable sector level
technology roadmap, it is imperative that, as auese, it is not viewed as a stand

alone publication. The roadmapping process is @msgive process and there is a



danger that those involved in the process are lingito repeat the process. If, during
the information representation stage, the itemisrdquire further investigation or
updating within specific timescales are identifidte management of the
development of future versions of the roadmaprsoae achievable task and will lead
to the technology roadmap being embedded as ahlalussource and tool for

technology development within a specific sector.

5.12 Review

Review of the roadmap is an important element st ppadmap activity. In order to
support this process, the roadmap should be eeal@aainst accuracy of the
represented information. In order to support effectievelopment of technology in
any sector, an assessment of the role the technod@gimap plays in the process is
required. A high level, validated roadmap will regueedback from the stakeholder
community as to how technology roadmap is beinglu®aly when this feedback has

been received, can the value of any sector leceht@ogy roadmap be assessed.

5.13 Updating Schedule

During the scoping aspect of the technology roadmagpcritical to decide how and
when updating will take place. To some extent thasion will be made when
analysis of the data takes place. Using the FVmagdas an example, the majority of
the data elements (at least 70%) will not requpe@ating before the next version of
the roadmap is published. The elements that wglliire updating need to be
identified in some way that also includes a timesfegfor the process along with a
commitment from the roadmapping team as to whaostagsponsibility for the

updating process.

5.14 Summary

It is critical to develop an information protocbkt ensures that the data collected
from disparate sources can be represented in swely éhat customised views can be
supported; taking an ontological approach to imi@iion representation will allow
this. The information protocol suggested in thiater supports the development of
sector level roadmaps using a four stage procdesgAvith the pre roadmapping
stage, the information protocol supports the ctitbecof data which in turn allows

information relating to technology opportunitieso® represented, along with



associated data such as technology readiness,lsgalge of current activity,
timescales and barriers to progress. Post roadmggsues are also addressed by the

information protocol.

The process of developing a technology roadmaprgtex and needs to be
supported by an information protocol, with revieavel updates built into the process
on a regular basis if roadmapping is to be seenvaguable business tool. Use and
value may be judged from various perspectivesafrtadmap has industry wide
focus. In order to achieve user ‘buy in’ of theqess, roadmapping must be
underpinned by well-defined data capture methodgltwe selection of the most
appropriate method to represent the informatioturad and an ongoing evaluation
process. Ensuring that a well defined process abdated the quality of the

information represented can only strengthen theevaf the roadmapping process.



Chapter Six: Discussion

6.1 Introduction

This chapter explores the significance of the tefabm Chapter Four in the context
of the literature reviewed in Chapter Two and timesaand objectives as set out in
Chapter One. Both the aims and objectives of theareh are revisited in this chapter.

6.2 Methological Advancement

This research study has made some important cahotis to the field of technology
roadmapping in terms of the methods developed lamduality of the results
discovered. The six additional elements as showsign6.1 are discussed in further
detail in the following sections and illustratedhvexamples taken from the

development of v.3 of FV technology roadmap.
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Roadmapping software

\
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Review
Process
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Figure 6.1 Technology Roadmapping Process



In terms of the methods used, this research hasilmoted through the application
and adaptation of a reliable process to develostvel technology roadmaps,

through the assessment of impacts made as oubieled.

Impact 1.
Pre-roadmapping activity is an additional elemesdighed to customise, inform and

promote a framework for roadmap development. Roadieaumentation is
generated, personnel are recruited, and stakelsalikmtified and appropriate data

collection methods are established.

Impact 2.
Existing data collection methods are identifiecbtigh the literature and personnel

experience of the T Plan process. NGT was choséregweferred method to collect
data from workshop 1, because a structured pragassequired in which all

participants were provided with the opportunityctmtribute data on an equal basis.

Impact 3.
Several aspects of participation were investigalée. role of the roadmapping team

and the potential introduction of bias into thedw@apping process were deemed to be
pivotal to the successful generation of the roadriip importance of identification
of stakeholders at an individual and organisatideatl| led to the development of an

additional element to the technology roadmappirg@ss (see next point).

Impact 4.
The analysis of the data collected from the workshend questionnaires highlighted

gaps that were mainly related to non technologyassnd standards. To add value to
the roadmapping process and contribute to the Bdmapping knowledge base, an
extensive search of documents in the public dowais carried out to identify

supporting evidence and criteria developed forusicln in the roadmap.

Impact 5.
Early on in the research process, it became evitlahthe various methods used for

roadmap representation were not able to supporbtmmapping process and take it

to the next level of maturity. The opportunity tengrate FV v.3 using specialist



roadmapping software allowed the comparison antbexjon of representation

issues such as the role of associated data amdahgpulation of roadmap views.

Impact 6.
The generation of a technology roadmap in digaainiat required several issues to be

investigated during the research including versiomtrol and preservation. Updating
of a roadmap was found to be an exacting processdlated to such issues as the
allocation of scarce resources, lack of enthusi@smevisiting the process and the

inability to identify data items that should belumted in the update process.

Investigation of existing technology roadmappinggasses highlighted gaps in data
collection, representation and knowledge extracfidre research has informed the
development of an information protocol that willdr a robust technology
roadmapping process. These elements are now expapde to illustrate the deeper

understanding obtained.

6.2.1 Pre-roadmapping Activity

An important element of the FV pre roadmappingvéigtiwas that a member of the
core team brought to the process experience ofrgeng v.1 and v.2 of the FV
technology roadmap. Pitfalls in the data collecfioocess such as the dominance of
the ‘expert’ view and concerns about the time tatkeeollect the data were identified
and measures were taken by the author of thisshesiegate the impact of these
issues. Identification of suitable candidates tooee part of the core team was found
to be an important element of the pre roadmappatigity, it is important that one
person does not carry all of the responsibilitydththe roadmapping activities.
Technology roadmapping is a challenging responsilidr all involved in
administering the process, the team should nobdéarge, ideally three people who
as in the case of the FV roadmapping team all dsetreted a diverse range of
complementary skills that were able to drive thedrmoapping process to a successful
conclusion. Too large a core team would have cdeatgtuation where no decisions
could have taken place.

The FV technology roadmapping process reinforcpdraonal view that people are

the conduits through which any technology roadmagprocess takes place.



Before the data collection phase was entered mtgideration was given to the
identification of potential workshop participantsdestakeholder organisations. An
important element of the identification of workshegrticipants was that this activity
was carried out with support and input from SMMfvitations were also sent out via
SMMT. Discussions with FV thematic group chairmeak place as they were seen
as ideal communication channels to publicise tlaglmmapping activity to the FV
membership and also support the data collectiosehathe appropriate workshops.
However they were not considered as potentialifatirs due to the issue of bias. A
meeting with one thematic chair who had his ownwaé what data should be
collected, thus he required a degree of reassuymg process to collect data,
which must be open and without prejudice, the I@f&loncern raised inevitably
impacted on the time taken to arrange one of thi&stpsProject documentation
was also generated at this stage including pre stk material sent to participants.
A roadmapping timetable was generated, roles asgdignd with a few exceptions,
such as having to move the stakeholder meetingveed& to accommodate other
meetings, the roadmapping process ran to timegé€heration of a framework for
roadmap development generated a high level of denéie within the core
roadmapping team, which in turn aided the roadnmapprocess. The generation of a
framework is critical when members of the core magping team have different

levels of experience of the roadmapping processdantbnstrate diverse skills set.

Attention to detail at the pre-roadmapping stad¢mnadd the data collection stage to
progress within the prescribed timetable whilsbwlhg for a degree of ongoing
customisation for workshops 2-4. This was esseimtiatder for the roadmap to be
completed to a satisfactory level within the definienescale. The pre roadmapping
activity for the FV roadmap took approximately #mrmaonths. The time invested at
this stage was well worth the effort. Having a gssagreed by all stakeholders in
place enabled the roadmapping activity to proceitdowt further delay. What this
brings to the technology roadmapping process mdesf outcomes is that a
structured approach that allows a certain degrdiexibility creates a framework that
everyone involved in the rollout of the process fiow. It is not tailored to the
needs and requirements of one individual or orgdiois and demonstrates

transparency in the process.



Technology roadmapping is a resource intense actihich has implications for the
successful completion of all elements of the rogomray process. Generation of
sufficient funds to complete the activity is essdrdt the pre roadmapping stage.
Identification of funding for sector level roadmeagisould not be associated with

attempts to drive the roadmap vision or influer@ autcome of the roadmap.

6.2.2 Ontological Framework

Although time was taken to identify relevant guides to assist in the development
of technology roadmaps, with the exception of TARlane were identified. In order
to develop an ontological approach to the technotogdmapping process, it is
essential to break down the process into core gitsn&hen decide what data is to be
collected, how to execute that process in ordétdntify important themes that
become roadmap headlines but more importantly ctaldormation that can be
analysed in a way that relationships between tdoggapportunities can be
established. The process of using an ontologieahé&work to map potential inter-
dependencies between what seem to be at firstgldisparate items of information
adds value to the technology roadmapping procdssu$e of ontologies in
technology roadmapping provides a framework thppstts access to and reuse of
information by end users and the wider industnal aeommercial community if

appropriate.

6.3 Data Collection

The data collection element of the roadmappinggssds divided into three
components, workshop one, the questionnaire aatlyfithe three remaining
workshops, which are discussed in further detaihefollowing sections. The
literature identifies technology roadmapping precgsch as T Plan which uses ‘Post
It's® in the roadmapping process, comments fromtii&matic groups citing
experience of v.1 and v.2 workshops were that @pents were happy that the
proposed process for data collection did not ineliRbst I1ts®. The use of this
method of data collection appears to have a naegafiect on those who have
experience of the roadmapping process. T Plan sl&onoffer signposts to customise

roadmapping process but anecdotal evidence andnamxperience suggests in



terms of data collection, that it is not robust @gio a process to create a second

generation of a roadmap.

6.3.1 Managing Outcome Expectations

Workshop 1 was approached with the objective odioibig data that would set out
the headlines for the development of v.3 FV tetbgywroadmap. It was critical to
demonstrate to the UK automotive community thatipigants were selected from a
diverse range of organisations that encompassrésltihh and depth of experience.
The workshop attracted the largest number of ppétits for the data collection
element. Many of the participants had also beealied in the data collection
activity for the previous two versions of the roapmsome of the participants also
had experience of the technology roadmapping psoeéhin their own
organisations. However none of the participants@gghed the workshop with a
common view of what activity was required to geteroadmap. It was apparent
during the rollout of the NGT that some particigafttund it difficult to generate the
technology issues in silence. The workshop may baea viewed by some as an
opportunity to promote their own views and domirtaee process; nevertheless the
large number of responses generated by each partidiaverage of 13) was
considerably higher than would normally be expe¢bstween six and eight). This
outcome reinforced the decision to utilise NGTtfoe generation of technology

issues.

During the workshop concern was raised by obseffvens the sponsoring
organisation that many of the issues that were gimgmere not expected and not
technology related. Amongst the non-technologydassmere lack of appropriate
standards and legislation. A general discussiomatdsithe end of the workshop took
place to discuss this issue and it was generaftigeaithat many technologies that
could be integrated in vehicle manufacture to suppoeduction in emissions were at
a stage of maturity that warranted further develepinibut were unable to proceed
any further due to the barriers of lack of standamdd appropriate legislation.
Workshop participants were asked as an extra esetaigenerate a list of
organisations who could act to remove these barridre output from this exercise
was deemed to be of a sensitive nature and therafarfor inclusion in this thesis.

However the document was passed to SMMT for furtbesideration and the



decision taken that this element would not be idetlin v.3 of the roadmap until
further exploration of the non-technical barriessild take place outside of the
roadmapping process. The need for flexibility ia tfata collection process is
demonstrated by this outcome from workshop 1 duostrates the importance of the
roadmapping team being able to respond to bothipesind negative outcomes
during the data collection process.

During analysis of the issues generated, it becagpparent that a certain degree of
bias may have been introduced to the output frargtbup discussions used to
generate the ranking of issues by importance. Batte six groups was allocated a
facilitator to support the generation of emergéettes. Observation of the process
and analysis of the output revealed that one gnogarticular focused on one
particular technological area in which the factbtahad considerable experience. This
may have been a coincidence but observation dathiktator's management of the
process, did indicate that there was a higher lelvglput into the discussions than
was necessary or expected. Observation of thetéimh process of the other five
groups indicated that the role of facilitation Wwallowed more closely which allowed
the groups to generate the list of priorities iretegently. This outcome indicated that
the data collection process required refinementreehe other workshops took place
and informed the development of the additional datkection elements of the NGT
process. During the early stages of the reseancly she role of the facilitator was

felt to be pivotal to the successful managemeth®fvorkshop data collection
process. The experience gained during workshopnforeed this view, thus

informing the development of this area of the infation protocol.

The management of the output from the data cotlecttage is pivotal to the
roadmapping process, requiring both proactive aadtive effort. The lessons taken
forward from workshop one data collection exercssgh as the need to collect
associated data led to the development of the framiefor the remaining workshop
activity and fed into the development of the gemerformation protocol to support

the technology roadmapping process.

6.3.2 Questionnaire
The role of questionnaires within the data coll@tiphase of the FV roadmapping

activity fulfilled three criteria:



). analysis of the NGT process utilised during tinst workshop highlighted
the issue of the comprehensiveness of the daectad. It was decided to use
the questionnaires to test out the collectionssbaiated data;

i). used to collect data from stakeholders andiggpants who were unable to
take part in the workshops; and,

iii). used to collect data from technology ared®ere a low level of data had

been collected during workshop one.

The quality of the questionnaire responses was, loigly one response received was
partially completed. Analysis of the responsesdatid a level of confidence in the
process of collecting associated data in this Wasrefore the framework used was
integrated into the data collection process forrdmaining workshops.

There are issues related to the use of questiamaithin the technology
roadmapping process. On a positive level they easelen as an effective way of
reaching a large population (especially by emaiBgative issues include issues
around the number of questionnaires people re@aideare expected to respond to,
leading potentially to low response rates. Alstaiinot be guaranteed that the
potential respondent will actually be the persomahswers the questionnaire, this
task may be delegated to someone who does notlhavequisite skill set or may

have a different level of expertise to provide tbgponses required.

Questionnaires were a useful secondary level toohd the FV data collection phase
however face to face workshops appeared to craatbex picture as participants
welcomed the opportunity to meet with others frodierse range of organisations
to discuss issues that affect the UK automotivéosethis created an environment

which supported the data collection process.

6.3.3 Workshops

All the three workshops provided a wealth of datat ivas used to populate the FV
roadmap. The workshops provided much needed intovmehat would be used to
populate the FV roadmap, and in turn could be bsetthe UK automotive
community and other stakeholders to aid decisiokimgaand investment for

technology development.



6.3.4 Data Collection Process

The data collection element of the roadmappinggsstad to be enhanced before
the remaining three workshops in order to colleetdppropriate link the data
collected to the three high level impact areasking of this data became Task 1 of
the workshop activity. This change in the dataemilbn process was deemed
necessary to satisfy the requirements of the Fdmag development funding body
who wanted to demonstrate continuity through thsiees, even though v.3 would be
represented in digital format unlike the previows tersions that were paper based
reports. Task 1 was designed to collect relevanirielogy themes, Task 2 to collect
technology opportunities and associated data gesteby individuals and Task 3 to
identify the issues deemed to be of importance gsoap of roadmap participants at a

particular point in time.

Task One

Task 1 of the process to generate the high leebhi@ogy themes was comparatively
easy to achieve, this may be attributed to thetfadtthe three impact areas of
economic, environment and social were embedddukifirtst two versions of the FV
roadmap and so were accepted by workshop partisip@nly the stakeholder group
wanted to increase the number to five to includastructure and policy, this may be
due to participants of this workshop having a higbeel view of the issues involved
in the UK automotive sector rather than the paéinis of the other workshops who
in general operated at more of a practitioner le&ehlysis of the data from the
stakeholder workshop shows that the two additionphct areas of infrastructure and
policy could have been integrated into the thregaot areas already identified from
previous versions, so in terms of the informatiootq@col economic, environmental
and social themes can be established as partaidamapping framework at a sector
level, however this does not necessarily meantkieste themes will be required at a

sole organisational level.

6.3.5 Technology Opportunities

The exercise to map technology themes to impaesasas in some part successful as
38% of the impact areas generated during the DMAFshop were populated with
technology themes and technology opportunitiess Teant that 62% of the impact

areas were not populated with data. This could Imapéications for the development



of an information protocol in terms of the genayatof technology themes, the

options include:

» Generation of technology themes at the pre dataatmin stage by the
roadmapping team, advantage is that this wouldiowin time, disadvantage
restricts data collection to pre-defined framewthit may be too prescriptive

for the roadmapping process.

» Allow participants to generate the technology themea pre workshop

activity and achieve agreement at the beginninhefvorkshop process.

In the case of the FASMAT workshop, 69% of the texdbgy themes were populated
with data. In the case of the stakeholder worksti0p% of the impact areas were
populated with technology themes. This can be éx@thin some way by that the
participants’ taking part in the stakeholder worgsiad a clear view of their own
area of knowledge, may have something to do wiksrand responsibilities and
confidence of having an overall view of industrysector. However there were not so
many technology opportunities generated in thiskaleop which may be explained
by stakeholders operating at a higher level andgoenable to focus on lower level
technical detail. This reflects the need to ensluaé participants in the data collection
phase have appropriate knowledge and can contrabibe level required. Reduction
in the role of experts allows all participants tmtribute equally to the data collection

phase.

6.4 Data Analysis

Analysis of data generated a large list of techgwlopportunities and issues, which
actually raised more questions than answers. mg@f development of the roadmap,
the output of Workshop 1 provided some of the raagglimeadlines but could only
provide a one dimensional view for the represengprocess. One element of the
process that required further investigation wasabeding of the trigger question to
generate technology issues within a workshop enwent. In hindsight, the use of
the word ‘issues’ was a generic term within thgger statement and may not have

been specific enough to generate technology issagsred to populate the roadmap.



In the subsequent workshops, ‘technology oppotisiiteplaced ‘issues’ in the

trigger statement and comparison of the resullissisussed later in this chapter.

Task 2
This task generated the majority of the data dutfiegworkshop, the following

elements made up the core components used to gebhelooadmap:

6.4.1 Technology Readiness Level

The decision to assign technology readiness lagdmst technology opportunities
was a response to the literature review which ifledttwo issues that are currently
not addressed by sector level roadmaps, the ndsgldble to identify where
disruptive technologies impact upon technology tyeent and the requirement to
be able to identify where gaps in technology degwelent are, in order to direct

research funding and support technology developmhoesbpropriate areas.

The scale used to determine TRL levels within th& dollection process was
customised from the original format of nine levieécause it was felt that there was a
certain degree of overlap between the levels. # agreed that a scale of one to five
would be used with the addition of a level zeroahhivas designed to indicate where
no technology activity was taking place. Analydishe technology themes that
attracted TRL levels of zero across the workshopkided batteries, fuel and
emissions which were also amongst the emergentab@hentified. Taking these
three areas and looking at the barriers recordathsigthem revealed that in the case
of battery technology, workshop participants fe#ttthe UK battery industry was
secondary to that in other countries and that telclyy development and funding
would be better utilised in other areas. It shdaddemembered that the views
collected during the data collection process oaflect a small percentage of the
industry, but development of the roadmap in digaat allows the automotive
community to respond to the information represemibith can be adjusted
accordingly if enough validated evidence is presgntThe development of a flexible
approach to both the data collection and analyagesof the roadmapping process
allows a richer roadmapping picture to be generated



6.4.2 Timescales

During Workshop 1 specific timescales that couldibed to generate the roadmap
landscape were not identified. In reality, whentipgrants were asked to estimate
timescales against issues they were comfortablgdsur timescale ranges, urgent,
short term, mid term and continuous. This did rabis$y the requirements of the
representation phase; therefore a refinement gbrtbeess to generate timescales was
required for the other workshops, identifying bbihited scale and mass scale

production timescales.

In the remaining three workshops, participants vesieed as part of the expanded
NGT process to assign timescales to technologyrypities generated. The majority
of the timescales generated fell between a twoseoyfear range, however certain
technology themes attracted a much wider rangengfstcales including energy and
fuel related issues such as fuel cells. It is thesknology themes that will require
monitoring within the roadmap development and fartstakeholder input may be
sought. A wide range of timescales may suggestdécanology development is in an
immature stage and this can be to some extentdldigd by mapping timescales to
TRL levels as in the case of energy, which recoaladde range of timescales

against zero TRL levels.

In the case of the stakeholder group, a wider rafigenescales was recorded in
nearly all of the technology themes that were gateelr The technology theme
Intelligent Transport Systems (ITS) appeared ia workshop for the first time, this
area was not deemed to be within the scope of the&dmap but one of the
workshop participants was responsible for the geiwar of the ITS roadmap that
could be accessed through the FV roadmap and #ydoe the reason why so many
technology opportunities appeared in this worksid wide range of timescales
recorded can in some part be explained by the judgéapplied to the development
of technologies which may be related to prior krexge, experience and role of the
workshop participants. Timescales may also retatbe role of the respondent. The
pilot study highlighted the issue of differencesimescale judgement in relation to
role and responsibility. A research student taksisaat term view, a director of
research centre used to taking long term view. Alssdemics may tailor their view

to funding applications, as they tend to look Hirae to five year funding cycle,



OEMS take a longer view by looking at the lifetimfea vehicle, component suppliers
are always involved in vehicle development, whibhrggye over time. The results

relating to timescales indicate that the issueréguire further investigation.

6.4.3 Barriers

Analysis of Workshopl barriers was very difficudtitlentify as participants had not
been specifically asked to generate these duriagvtirkshop, nevertheless it was
apparent that the general view of all workshopipigdnts was that non technical
issues such as standards and legislation were ingpegthnological development.
The participants appeared to welcome the opposttmitise the workshop to air
concerns and long held beliefs regarding imporitesues affecting the UK
automotive sector. The process gave participargsrtynity to bring concerns and
issues to a forum which would ultimately be pubdidiin the public domain. This is
an area which potentially impacts upon the develamrof sector level roadmaps as
roadmaps developed at a sole organisational leuwel to be more inward looking and
usually do not raise a high level of contentiossies, possibly due to the fact that
these roadmaps never appear in the public doma&nalissues of commercialism
and confidentiality. Essentially at a sector leine management of a diverse range of
barriers generated from a wide industrial basaiaraa of roadmapping activity that

requires further investigation.

Analysis of the barriers generated demonstrateejee@ of confidence in the data
collection process, in that the highest numbeeohihology opportunities generated
was related to technology. This was an importattaae in terms of validating the
data collection element of the roadmapping prodgéesfidence was also established
when analysis of the three impact areas mappdtetbdrriers generated, revealed
that environmental related barriers produced alrtvestthirds of the results. At the
start of the FV roadmapping process it was ackndgéd that v.3 would need to

address the issues of vehicle manufacture in achtyon economy.

Task 3
Up to this point in the workshop process the datkection process focused upon the
generation of information by workshop participaassindividuals. For the purpose of

Task 3 it was important that all workshop particifzawvorked together as a team to



reach a consensus view. The data collection phaselmology roadmapping should
include the following elements to assist roadmagpiaevelopers to have confidence
in participants experience and knowledge, the vafube data collected in its own

right and the ability of participants to work tolget to identify and develop roadmap

priorities.

6.4.4 Votes

In order to move the data collection process fronmdividual perspective to one that
achieves group consensus, the voting element whsrita the data collection
process. In workshop one this process was notdedithed or executed and the list of
ranked priorities produced was generated by eatieafix groups not by workshop
participants as a whole. Therefore this meantdhaiverall view of the important

issues could not really be established.

Refinements to the voting process were made fordimaining three workshops.
Participants appeared to like the idea of usingstlukers to allocate votes; and
although voting was carried out on an individuaiba great deal of what appeared
to be positive discussion took place between ppatits during this process. The
roadmapping team identified the technology oppatiesand themes that attracted
the highest number of votes and led the discugsigiain consensus from the group
of the issues that were the most important toghdicular group and that particular

sector of the UK automotive industry.

6.4.5 Emergent Themes

Analysis of the technology opportunities generdltesines that were common across
all workshops. Themes included energy, legislatioal, methods (including life
cycle analysis), issues relating to collaboratmersonal mobility, politics, the role of
consumers, timescales, innovation and holisticggeds in Workshop 1 many of the
issues related to non technology issues, this whamexpected outcome as data
collection for the previous two versions had beeryvmuch focused on technology
issues, in fact version two focused on the devetprof technologies to support
innovations in vehicle safety. This raises a patdigtimportant issue that impacts on
the development of all technology roadmaps. Assionptwere made by some

involved in the FV roadmap process that they cqpuédlict before the data collection



stage took place what the roadmap landscape woaldlike, in reality this was not
the case. The generation of non-technical issupadted considerably on the pre-
determined viewpoints, and caused some constematid a reduction in the
confidence level previously attached to the dateecioon process. Analysis of the
emergent themes across the workshops and quest®nesponses revealed that
there were common themes across all. This ledéo@wed confidence in the data
collection process and focused the task on howtedmaical themes could be

represented on the roadmap landscape.

6.4.6 Collection of Additional Data

The data collected from the workshops and questioes only provided a partial

view of the UK automotive technology landscapeoider to construct a
comprehensive roadmap, extensive research to fgeakevant documents, including
research papers, reports and policy documenttieifenational and international
activity is required. Key sector level roadmapg tan add value to the representation
phase should be included. The identification of #eguments needs to be
underpinned by the use of pre-determined keywardietvelop a search strategy. In
the case of the FV roadmap, this element of thegg®was informed by input from

the SMMT thematic groups.

Not all the information represented on the roadiaagdscape originated from the
workshops and questionnaires. Information was soiugin SMMT who as an
organisation had an overview of the relevant autoradegislation. To fill in gaps in
the roadmap landscape approaches should be maelevant industry representative
bodies that can provide information on a particelement of vehicle development.
In the case of the FV roadmap one organisationcgged was unwilling to take part
even though they would be providing public domaimimation; the reason for the
reluctance was given as the roadmap developmeritvou be under the
organisation’s ownership. The issue overcome wilsgudsions took place and it
became apparent that a lack of data would cregég an the roadmap which could
only be filled by this industry body. A gap in treadmap landscape which relates to
a specific element of the sector could be vieweaghtieely and time should be taken
at the pre roadmapping stage to ensure that ahiggtions identified as being able to

add value to the process are willing to participate



6.5 Participation

A positive outcome of any roadmapping activityhie treation of a rich picture that
can be used by a diverse range of end users drehstders to inform technology
development. This can only be achieved through ggrgant with organisations and
individuals who can contribute a diverse rangeraiiledge to the process. The
development of an enhanced NGT process was sugtegsategating the influence of
experts who are skilled in the promotion of theinoviews. A technology roadmap is
more than one person’s view of an industry or oiggion. The roadmap that
promotes one particular view will be seen by ther k@mmunity to be an inherently

weak resource and may inhibit technology develogmen

Looking at the participants involved in the FV razapping exercise, they
represented a wide range of organisations, witdexo&a well represented along with
other stakeholder groups. Dialogue between paantgpduring the workshop process
supported the discussions to develop prioritiescwvin turn helped to identify the
roadmap headlines. In the technology roadmappiotecthe natural progression
would to be to construct the roadmap utilising appiate databases and data mining
techniques. However, roadmap end users are peogltha information represented
and the knowledge that can be elicited from theédtdmap confirms the value of
participation and confirms that in terms of teclogyl roadmapping are the conduits

of change.

6.6 Evidence and Validity

Development of technology roadmaps in the pastdased on the roadmapping
process and the linking of results to businessabigs. This may be appropriate at a
sole organisational level but for sector level mag@s which are trying to reflect a
much broader view of technology development thei$ashould be on the data
collected, information represented and knowledgeegged. The development of
sector level roadmaps require participants whoesgnt a wide range of
organisations, it is short sighted to assume tiet will all agree on the same
business objectives but they can as in the caB¥ edbadmap development, after

discussion reach a consensus on the status ofdlegyopportunities



The development of the FV roadmap in a digital farwifered the opportunity for
the first time to assign validation to the techiggithemes and opportunities

generated. There are two elements that make watliation process;

). the workshops themselves can be used asd@atialn tool. As participants
reach group consensus on the themes and oppa@syiiite date off the
workshop can be linked to data elements and thexéfa consensus is
represented then little effort is required to foud when and where the data
was generated. This in itself will raise confidethevels in the roadmap itself:
and,

i). External validation sources should be sougtdupport the information
represented on the roadmap landscape. The suppextidence identified for
use in the FV roadmap had to meet two criteriay tire ‘quality’ resources
with do not reflect bias in terms of favouringarcular organisation but
reflect technology issues. The second criterthas they must reflect current
activity and if available via the internet, theneaiew process must be put in

place to check the status of the web links.

Not all of the technology opportunities within th¥ roadmap had associated
validation links. In reality, the high level tecHagy issues that attracted the
validation resources were fuels, fuel cells andslagon. This can be explained
somewhat by these areas being highly regulatecssutiated resources and

documents being freely identifiable and availabléhie public domain.

6.7 Representation

Many technology roadmaps identified in the pubbenéin are represented as paper
based reports. Those represented in digital fooftah utilise MS PowerPoint® and
generate many slides that does not support efeea@wvigation or representation. The
representation of FV (v.3) in a digital format preted many challenges which are

discussed below:

1). Familiarisation with Software
Getting to grips with Vision Strategist™ softwaraswmnot an intuitive process.

The software developed in the late 1980’s had gorteigh several updates



but from a user point of view within the researtiidy, it was difficult to
identify how to enter data, represent on the rogdlmadscape and perhaps
the most important issue was that it was very cusdree to interrogate to
generate specific roadmap views or retrieve speitdms of data. In terms of
the activity to develop the FV roadmap a great dééime was spent trying to
get to grips with the software which in terms dof tlesearch was invaluable
because the difficulties encountered went someta&entify generic issues
that may arise surrounding the representationabfitelogy roadmaps in a

digital format.

i). Data Entry

The data collected from the workshops and questioanvas stored in MS
Excel® format, at one stage it was unclear if tadvould be entered into
Vision Strategist™ manually, this had implicationgerms of resource
allocation and the ability to meet publication dess. It was eventually
discovered that the software does have a data femtcyion ‘powergrid’ but
even this presented problems as importing data éxeel sometimes was
incomplete when whole columns of data were founidetanissing. In all, the
management of data using Vision Strategist™ was@bersome process
which led to a low confidence level by the authbthis thesis in the software

in general.

lii).  Customisation of Roadmap View

During the research and informal discussions pdticipants in the
roadmapping process it was apparent that techpotmyimaps mean different
things to different people. This appears to bateel to how an individual uses
the roadmap and what for. The requirement ofiesadls is a critical element
of roadmap development and demands that a degflexibility is built into
roadmap representation. The roadmapping proaesssrio identify and
represent roadmap headlines, to create a levlhalbility within views

generated that can be tailored to individual negakrequirements.

The software available for the FV roadmap fellrsiod the requirements

demonstrated by potential end users. A sectot teaglmap should support



the generation of composite roadmaps that coulcolbepiled through one activity
such as FV or by different organisations usingsiwme technology roadmapping

process, which can then be integrated as a sestelrfoadmap.

iv). Roadmap Structure and Functionality

The Vision Strategist™ roadmap landscape reptedehe data collected with
bars representing timescales and triangles tpa¢sent milestones as shown
in Fig. 6.2. In terms of roadmap views, thesedmtermined by the level of
access that a user is granted. Someone who iedradministrator rights is
allowed to develop the roadmap landscape, acoedmtd, can change data
elements and prepare customised views. Howeveusgrd have very limited
rights, access to the roadmap through KTN webgpitesents the user with a
static view which was found to be below expectaiand concern was raised
that this lack of functionality would detract fraime overall value of the

roadmap.

The roadmap view presented to end users in thegfigelow is a one
dimensional view which does not support user meguénts. It is not too much
to expect access to associated data by clickingamidual bars, this function
Is not available to end users at the current tameess has to be gained to
associated data by using the menu on the rightafithe roadmap landscape,
this is not intuitive and may act as a barrienger of the roadmap. An attempt
to gain an overall view of the roadmap landscapestricted by the
timescales represented at the top of the roadneayp ¥he inability to view

the overall roadmap landscape along with thetfaitthe roadmap statements
embedded in the coloured bars remain static redileefunctionality of any

roadmap represented in a digital format.
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Figure 6.2 FV Roadmap Representation

6.8  Version Control and Preservation

An important element of the technology roadmapmragess is to build into the
process the ability to identify data items thatuieg|updating on a regular or
infrequent basis. Generation of the roadmap irgdaliformat should support the
process of updating between version revisions.€élalide to develop a robust and
sustainable updating process, attention has taviea tp identifying the data items
that need to be updated during the representatiasepof the roadmapping process.
The ability to be able to update data items is attaristic of a roadmap generated in
a digital format, updating a roadmap that is puigdin a paper based format is not
only time consuming but also resource intensiveatipg activity reduces the need to
go through the full roadmapping process and circemts/the need to ‘reinvent the
wheel’. An aim of good roadmapping practice is éwelop a technology roadmap
that evolves over time that is not viewed as acstdone resource. The inability to be



able to update a roadmap has impeded the develamhtthnology roadmapping
process in the past. The same organisations tbabaslved in the data collection
process also need to be involved in the reviewge®cThe participants that are
involved in the review and updating process doahays have to be same but

stakeholder views should be represented.

Preservation of technology roadmaps is an issuefears not to have been
addressed in sufficient detail. The resourcesdhatequired for the development of a
roadmap require preservation issues to be addressgecially if using dedicated
roadmapping software. During the development offifeoadmap it was apparent
that due to the issues of access to the roadmapg dependent upon licences and the
roadmap being stored on a remote server managad byternal organisation, the
need for duplicate copies stored in another difitahat was required. The decision
was taken to have a backup copy kept on a diffexemer. It is also important to
address preservation activity and integrate it theoroadmapping process as little
attention has been paid to retrospective analydiescbnology roadmaps to date. If
sector level roadmaps developed at a point in tamebe interrogated to draw out
issues relating to how technologies are develohed, impact at a point in time, and

the relationship between technology developmenteaaernal influences and trends.

6.9 Acceptance of Technology Roadmaps

The research study identified issues related tagieeof dedicated roadmapping
software which could be seen as barriers to roagmgplevelopment and evolution.
In order to address one of the objectives of tkearsch study an evaluation group was
assembled to critique the FV roadmap. This grouplévbave two functions, to
represent end users to critique the contents afohe@map, and, to determine the
efficacy of generating the FV roadmap in a diditeimat. The issues generated from

the evaluation process included:

I).It was felt that the needs of the stakeholdenmunity should be
ascertained and that a multi faceted approachtimud mediums should be
adopted incorporating software and paper baseddis: It was felt that due to
the inflexibility of the roadmapping software, aybased reports that can be

downloaded will have to be created at least feringhe short term. Paper



based reports on individual roadmap sectionssweis are required to be
generated as well as the whole roadmap in itsedptihis would go some way
to address potential access problems. The ITSwapdvhich is linked to the
FV roadmap has generated a series of four pagetsegn specific areas of the
roadmap, updated as and when necessary, usingitedly generated
roadmap as a repository. An advantage of the gaoerof short reports is

that they can also be used a lobbying tools, ésibeaseful for sector level

roadmaps

ii). the roadmap evaluation meeting looked atrdpresentation of
information. There was concern that a lack ofratex would impede
navigation, use of colours and shading was quastiothere was no indication
as to what they were representing, it was felt ithaas not self explanatory.
Comments were noted relating to the updating afineap elements, if there
are any updates, this needs to be flagged upeoroidimap home page or
KTN homepage. The timescales generated from aditsction process need
to be represented and incorporate milestoneseatfgpintervals, i.e. when
targets interject on technology development. ¢ wecepted that this is not
always a continuous process and that there mayregquirement to record
where other issues impact on timeline and thatribeds to be built into both
the software and the representation process t@ssidole organisational or

industry needs.

lii). it was suggested that a summary of how das been collected on the
home page would support the validation processiyMaund the roadmap
difficult to navigate; too many multiple screeredho be open at one time in
order to access roadmap details. In order to a#ieig through the roadmap to
access desired information, the need to provigeraltive navigation tool
such as a tree structure was identified. Surpvesealso expressed that a
keyword search facility was currently not avai@bConcern was also
expressed that access to the roadmap would ordydmed to members of the
KTN community and that this went against the $pifia sector level

technology roadmap being available to all in thblg domain.



iv). A communication pathway needs to be develdpezhable feedback into
the roadmapping process. Stakeholders who haviaker part in data
collection may want to comment on a particulanmedat or add to data,
therefore the need to provide a communication celio support this

requirement

6.10 Information Protocol

The second aim of the research was to developfarmation protocol from an
ontological perspective that can be used to enh@oteology roadmapping, support
data collection within and across organisationairaiaries along with dissemination

to identified stakeholders including SME’s and aad.

The opportunity to develop the information protoatiilst developing an actual
sector level roadmap enabled ideas to be testedhamprocess refined especially for
the data collection elements which presented aingdle for the collection of
associated data. The experience gained through\igrocess was invaluable,
development of the information protocol as a dessel activity would not have
generated a roadmapping method that was robudttdadpurpose. Existing
technology roadmapping processes identified dacapture the level of detail that is
required, they use experts to build roadmap, a siouetured process, with a degree

of flexibility built into the process, has been dmped through this research.

Any protocol to develop roadmap at a sector lelieLd be publicly available, not a
process used for commercial gain. The take-upeteébhnology roadmapping
process will not gain momentum and if activity éstricted by the ability to pay to
gain access to the process. An especially vulnemgtoup of organisations are SME’s
who could benefit from technology roadmapping bbhbwlo not in the main currently
benefit.

6.11 Summary
The development of the information protocol wasinfed by the activity undertaken
to generate the FV (v.3) technology roadmap indgdhe pre-roadmapping activity,

data collection phase to populate a technologymagul and representation activity.



The software used to generate the roadmap, ditheet the level of expectation.
Evaluation of the roadmap by end users in the éuh@eds to address, not only the
published roadmap but also the roadmapping softastbere is a danger that the
lack of functionality of the software may affecetbpinion users have of the

roadmap.

In order to drive the technology roadmapping prectte organisation behind the
process must be impartial, transparent and alla#dtesient resources. Support is
required to utilise a robust data collection pracasstil confidence by establishing a
multi-disciplinary team in order to drive the techrgy roadmapping process to a

successful conclusion.

Industry Workshop

» Although a large number of technology opportunitiese generated, a rich
picture could not be drawn from the data at thisifpo

* The method employed at this stage in the dataatmleprocess prohibited
the population of the technology roadmap due t&ck bf associated data;

* A higher than expected number of responses pecipant was recorded.
Using the NGT process an average of eight respgesgsarticipant can be
expected, at this workshop the average numberspbreses was 14;

» It was difficult to identify technical issues frotime responses generated,
however the Fuel category attracted the highestyeummf responses, and,

* Non-technical issues were seen as fundamentalesdbt technology

development.

Questionnaire
* Used to add data to the output of workshop 1 asal teist out process of
collecting additional data;
* Inall, 12 technology themes were generated frome2ponses;
» The highest number of responses related to engammblogy, and,
» Data gathered from the questionnaires includeccodin of associated data

for the first time.



DMAP Workshop

Most important issues were innovation and holidésign, emissions and
recycling;

The workshop generated technology related themes;

Lifecycle analysis confirmed as an important thesupporting result from
Workshop One;

Energy related themes attracted the largest rahg@e required to achieve
Mass Scale Production;

Activity was recorded against both UK and non-UEhieological
developments, and,

Safety featured as an important theme, seen amayldrom v.2 of the FV

technology roadmap.

FASMAT Workshop

Most important issues were Low cost manufactuiajng, Lightweighting
and safety;

The workshop generated technology related themes;

Lightweighting confirmed as an important themehaligh comments
received that technology introduced to addresgysafeues raised in v.2 had
increased overall weight of vehicles;

Low cost manufacture and noise were the two aresisattracted the widest
time range required to achieve Mass Scale Produdiad,

Although activity was identified as taking placetie UK, this workshop
identified activity that was taking place outsitie UK.

Stakeholder Workshop

Although the technology impact areas were expafided 3 to 5 in this
workshop, this had little effect on the overalluks;

Environmental and social impact areas attractedlagsponses;

Low cost manufacture is the most important in teoftechnological
opportunities and the time required to achieve Maxsde Production;
Lightweight materials received the highest numberotes and also recorded
the highest TRL level (maturity), and,



» Academic activity was focused outside the UK.

Barriers

* The majority of the barriers recorded in each whogsrelated to technology;

» Participants took the opportunity to record mom@tbne barrier against
individual technology opportunities, and,

» Barriers are important as stand alone issues dawetlated to technology

themes and opportunities.

This chapter has explored the data generated threogkshops and questionnaires,
in order to populate v.3 of the FV technology Roag@in essence, respondents were
willing to share information where no conflict oftérest arose and welcomed a
platform to discuss issues pertinent to the devetay of low carbon vehicles. Few
problems arose in attracting participants to tleeess. A wide range of views were
collected but the data collection process allovildcommon technology themes to be
identified and used to create the high level stmecof v.3 of the FV technology
roadmap.



Chapter Seven — Conclusion and Recommendations

7.1  Conclusion

This thesis has considered an evidence based appiméechnology roadmapping
focussing primarily on the development of v.3 of t8¢hnology roadmap with a view
to developing a generic information protocol toists®admap developers. The
concept of appropriate data collection techniquersevexplored because of their
critical role in the development of the informatiprotocol. In addition, at the
commencement of the research, it was envisage@Hh&tTN subject domains would
develop stand alone technology roadmaps that @sitrbe interrogated in order to
identify common issues across disparate subjeasafes a consequence, this thesis
has explored the role of associated data in theldpment of technology roadmaps
and issues relating to the representation and neamaxgf of the process. The main

findings of the study are outlined below:

» Difficulties arise when beginning the technologgdmapping process, who to
involve, what to collect, how to represent the ifation using what
medium(either paper based or digital format;

* Reliance on an individual to complete the roadmagpirocess to a successful
conclusion can lead to a biased view, developmeatroadmapping team to
share tasks and responsibility leads to a compe®®noadmap and reduces
roadmapping ‘fatigue’;

» Diverse end user requirements are not always megdta required to
populate a comprehensive roadmap should be gatfrerach wide range of
organisations and individuals;

» External support for technology roadmapping proceséten available but is
expensive, this can impede subsequent versions;

* The process to develop sector level technologymagd is expensive in terms
of time, access to resources, and personnel;

» The lack of affordable generic software to suppechnology roadmapping
impedes the evolution process ;

» ltis difficult to update a technology roadmap daehe lack of a generic

methodology such as an information protocaol,



» Evaluation of existing technology roadmaps revealéalcus on the process of
developing the roadmap rather than contents; and,

* There is a complete lack of awareness of the irapo# of the validation
process relating to the information elements represl in a technology

roadmap.

7.2  Recommendations

As a consequence of the process undertaken toraongt3 of the FV technology
roadmap several elements required adjustment dtireagrocess in order to produce
a viable and robust technology roadmap usefuldiverse range of end users and
stakeholders. The following recommendations ara sseessential to the evolution of

the technology roadmapping process.

7.2.1 Ontologies

Communication is key to the technology roadmappiragess. Individuals and
organisations can benefit from an ontological apphato the development of
technology roadmaps. A successful ontological apgrshould be able to be utilised
as a generic tool to develop roadmaps regardleggeafomain. The example of
roadmap development used in this thesis enableeXbleration and development of
a methodology which collected data where relatigpgsshnd links could be identified
and established. An ontological approach to daltacimn can only be successful if
underpinned by an information protocol as discusséthapter Five which addresses
such issues such as scope, representation andti@iiéind enables reuse of

information to create different roadmap views.

7.2.2 Improvements in Data Collection

Due to a lack of existing robust technology roadpmag methods and in order to
develop the information protocol it was inevitatilat the data collection method
developed during the study would evolve over tijadigh degree of trust was placed
in the researcher to manage this task by the cosmmnisg organisation. Although a
team approach to the overall roadmapping activag taken, domain knowledge and
a desire to promote certain views sometimes imp#uedevelopment of the data

collection process. The lack of a clearly defineddmapping process at the outset



created uncertainty at certain times although asaadmap evolved, the quality of

the data collected alleviated many concerns.

7.2.3 Questionnaires

Although the use of questionnaires was not extehsi¥eployed during the study,
future data collection activities to populate setdwel roadmaps could make more
use of this method of data collection to reach gaolgically remote participants,
ensuring formats used in other data collectiorvaes were followed.

7.2.4 Online Technology Roadmapping Community

Due to time and financial restraints it was notguale to take advantage of electronic
communications with and between roadmapping ppeias during the study. If this
communication option had been available it may fawéched the data collection

process and facilitated timely access to roadmacjants.

7.2.5 Technology Roadmapping Software

A great deal of time was spent during the duratibtine study getting to grips with
aspects of the technology roadmapping softwarevtbeg not intuitive. Time was
also spent customising the software in order to@roodate the associated data
elements in order to be able to develop a techyalogdmap useful to all
stakeholders and end users. It proved very diffimutepresent associated data and
generate an ontological roadmap view using thecpiteed software. Furthermore it
was very difficult to represent the links identtfiduring the data collection process.
Perceptions regarding the usefulness of the roadnagphave been clouded by issues
relating to the use of the software. Work is regdito develop a specification for a
robust software solution to support an ontologaggdroach to technology roadmap
development. The software solution would need ppstt interoperability between
software platforms, data sharing in order to supand exportation of information.

7.3 Areas That Will Benefit from Further Research

7.3.1 Research Methods

Many research methods have been deployed in thénpagler to develop

technology roadmaps with varying degrees of suc¢émsever the lack of a generic



ontological framework that can be applied to supgiee roadmapping process has
impeded the evolution of technology roadmapping fiésearch tools deployed to
collect data during this study were effective illexting data however it is accepted
that success may have been due to the participamnanity had been involved in the
development of two previous versions of the FV tedbgy roadmap. Further
research into the use of appropriate quantitatiMecpalitative research methods in
subject areas where participants had not beenvadaoh technology roadmapping
before would be of use.

7.3.2 Ontologies

This study has illustrated that technology roadnvappuffers from a lack of
structured process to support development. ltasitable that a diverse range of
people are involved in the process at a developargshparticipant level, often with
conflicting views that demand to be accommodatde development of sector level
ontologies would support the technology roadmappimagess by adding a structure
and clarifying the meaning of terms as used withparticular sector, and thus
dissipating some of the conflicting views which @atur as a result of using
different terminology to convey issues with a conmmneeaning. The development
and integration of ontologies into the technologgdmapping process may be
challenging but if the roadmapping process is wbee inclusive this would seem to
be a necessary endeavour. There appears to lmnfew tools that are able to
recognise and extract information in an ontologfoainat, which could underpin the
development of technology roadmaps and also beingeé validation process.
Online tools need to be able to identify relevambdimation sources, extract and
aggregate the information in order that specifadmap views can be developed,
answer specific queries and import and export remd&rmation as and when
required. In suggesting the development of onlowst in no way negates the
importance of the participation of individuals etroadmapping process but suggests
that the development of online tools to would seppnt the roadmap process.
Exploration of the literature appears to suggest tiflere is not one correct way to
develop an ontology to support the technology ragappmg process, however this
thesis has explored the development of one approadvelop a technology

roadmapping ontology.



7.3.3 Taxonomies

Examination of the role of taxonomies within tecloyy roadmapping would be
worthwhile as roadmaps represented in a digitah&dmrequire the inclusion of
metadata in order to be able to interrogate thémag to provide customised views.
Investigation of taxonomies developed to refleptdicular sector could also be of
use to identify common technologies across unrelet@ustrial domains and provide
signposts to the development of the next generatiog@chnology roadmaps. It might
be useful to discover if roadmapping taxonomieslzansed and implemented to

improve the technology roadmapping process.

7.3.4 Participants

The role of participants in the technology roadmagmrocess has not really been
explored to date. Whether participation takes tienfof face to face workshops or
through electronic communication is not a critisslue. Due to time restraints and
issues of confidentiality, the research study waable to capture data relating to
individual participants role in order to comparehaiata collected. It would be useful
to compare this information with the data colledtedrder to identify relationships
between key characteristics, which would in tufioim the evolution of the

technology roadmapping process.

7.4  Contributions of the Work to the Domain

This study has made some important contributiorieedechnology roadmapping
domain in terms of the methods used and the teoggobadmap that was
constructed as a result. The results of the reBeaecpresented in a format that is
able to be distributed to the participants in thuelg and to the wider user community
for use in the subject domain. Stakeholders irteébknology roadmapping process
within the subject domain will be able to utiligeetinformation model and

ontological approach, use it at whatever levelujgp®rt the production of a
technology roadmap irrespective of ability or ptoowledge of the technology
roadmapping process. It is anticipated that thermétion protocol will also be able
to be used as a basis for others to use in othretated domains to the one used in the
research study and by those with unrelated expeifize development of the protocol
will contribute to the generation of generic spieeaifions for technology roadmapping

as well as contributing to the advancement of &rmation protocol process.
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Appendix One: Organisations Taking Part in Data Colection Activity

Advantage West Midlands
Arup

BERR

BMW

Catapillar

Cenex

Cerulean Visions Ltd
Energy Saving Trust
EPL

Faraday Advance

Fife Batteries

Ford Motor Company Ltd
Fuel Cells UK

Gas Fuelling Technology
Highbury Ltd

Highways Agency
innovITS

Intelligent Energy
Jaguar Land Rover
Johnson Matthey

LEAR

Lotus

Loughborough University

Low Carbon Vehicle Partnership
Magna Exteriors and Interiors

Mahle Powertrain Ltd
Materials in Transport
MIRA Ltd

Nissan

Oxford Brooks University
Ricardo

Romax Technologies
Roush

SMMT

Stadco Limited

TATA

TEC Ltd

Technology Strategy Board
Torotrak

TWI

UKPIA

UltraMotive Ltd
University of Nottingham
University of Sunderland
Volvo Truck

Warwick University
Welsh Automotive Forum



Appendix Two: Workshop Outline

Workshop Task Descriptions
Task 1. Confirm Technology Impact Areas

Purpose. 1. Get participants to start thinkingualbloe context.
2. Determine if structure for analysis is approjgia

Essential to limit time to 45 minutes includingdieack and explanation of Task 2.
Task 2. ldentify Technology Opportunities.

Each delegate to list the key technology opporiesibn a library card.
(One technology on one card).

Information recorded on the card:
» Technology Opportunity

* Year by which the technology is expected to beceuible for Mass Scale
Production.

* Where is development being carried out
» Technology readiness level
» Barriers

Task 3. Priorities and Roadblocks

» Library cards placed on display boards by fadditagrouped under
technology themes

» Group vote on most important.
» Discussion on barriers



Appendix Three: Index Card Structure

Impact Area TRL level
Barriers Barriers
Technology Opportunity
Barriers Barriers
Where activity is taking Affordability

place



Appendix Four: Questionnaire
Data Collection Script for Foresight Vehicle Roadma
We are collecting information relating to futureheology developments for the next
version of the Foresight Vehicle technology Roadrmdegpwell as holding a series of
workshops, we are consulting with a number of irlials to illicit their views.
Please complete 1 sheet for 1 issue.
1. In your opinion what are the issues (technicalan technical) associated with the

development of low carbon vehicles?
(If response is non technical then go to Question 7

2. Where is the activity taking place?
a. UK
b. Non UK

3. Current TRL levelysing scale 0 to Sent to interviewees previously by email

4. How long will it take for the technology to aekie full scale commercialisation?

5. Are there any gaps in the development of thiertelogy that may be exploited by
UK capabilities?

6. What are the barriers, if any, in your opiniorthie take up of the technology?

7. What are the, if any, associated non techniaaidrs?

8. Do you know of any resourcesy. reports, websiteghat you think might be useful
for data validation?

9. Do you know of any technology developments hreotareas that could be applied
to the automotive sector?



Appendix Five
Technology Readiness Levels (Abbreviated)

Mass scale exploitation

Limited scale production

Realistic demonstration

Prototype proof of concept

Principles understood
in the laboratory

Problem identified, no solution







