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Abstract
Roadmapping is increasingly being used to support technological innovation at firm, sector, and national
levels. However, sector and national roadmaps are often disconnected from each other, and there is also a
lack of robust theoretical underpinnings for the approach in general. In order to address these challenges,
this paper presents the conceptualisation and design of an integrated roadmapping approach, which allows
more systematic and coherent consideration of diverse perspectives in broad innovation systems. It is
developed by explicitly taking the innovation systems perspective as the theoretical underpinning, so
reflecting the systemic, contextual, and evolutionary understanding of innovation that is dominant in the
academic field of innovation studies. It also incorporates insights from preliminary case studies of existing
roadmapping exercises, closing the gap between theory and practice. Iterating between an overarching
roadmap at the innovation system level and a family of sub-roadmaps focusing on various functions of
innovation, the integrated roadmapping approach supports their systematic integration and alignment, thus
allowing efficient use of resources to capture greater value in complex innovation systems. The research
aims to provide policymakers and relevant institutions with more informed guidance for comprehensive and
coherent foresight practice, and to strengthen the conceptual basis of roadmapping approach.
Keywords: Roadmapping, Innovation System Functions, Policy, Standard, Infrastructure, Education

Introduction
Reflecting the systemic, contextual, and evolutionary understanding of innovation processes,
foresight practice have recently experienced a ‘systems turn’ with the broadening scope
(Andersen & Andersen 2014). Because of complex networks of a vast number of actors
participating in innovation and new dynamic inter-linkages between them, effective foresight
requires more systematic and coherent consideration of wider perspectives from a broader range
of stakeholders (Tuominen & Ahlqvist 2010). However, recent evidence shows that there are
increasing, uncoordinated efforts to develop separate roadmaps, each addressing different
strategic issues of national technological innovation systems (hereafter referred to as innovation
systems) from different perspectives, such as standardisation, policy and regulation, and
workforce development. In order to ensure efficient use of resources and effective value capture
in complex innovation systems, further research is needed on how these interrelated, yet
disconnected roadmaps can be systematically integrated and aligned with each other, so
promoting the overall functioning of innovation systems.
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Despite such trends in practice, the foresight literature is generally limited, albeit gradually
increasing, in incorporating the systemic and evolutionary understanding of innovation that is
dominant in the academic field of innovation studies (Andersen & Andersen 2014). As this
misalignment makes it difficult for foresight exercises to generate strong impact, systematic and
coherent conceptualisation of foresight is required, through improved integration of the
contemporary understanding of innovation. Andersen & Andersen (2014) thus propose the
concept of ‘innovation system foresight (ISF)’, by explicitly taking the innovation systems (IS)
perspective as the theoretical underpinning, in order to address the gap between the theory and
practice of foresight.
As a visual format widely used in foresight, a roadmap framework may provide a useful basis for
the conceptualisation and design of IS-based foresight that can provide more effective practical
guidance. Allowing a high-level view of the innovation system by incorporating its various key
elements in a multi-layered structure, it captures complex and dynamic interactions among them
in a systematic and coherent way (Phaal & Muller 2009). Face-to-face interactions during
roadmapping workshops can also support the connection between multiple stakeholders and
strategic dialogue necessary to align their actions, so enhancing the systemic benefits of ISF
(Ahlqvist et al. 2012). An increasing number of sector-level roadmaps are thus being developed,
identifying changes in diverse factors that influence broad innovation systems (including social
institutions such as regulations and standards, as well as infrastructure) and associated
interactions between them (Ahlqvist et al. 2012; Letaba et al. 2015)
However, existing academic literature on roadmapping is generally focused on science and
technology-oriented roadmapping, withoug appropriate attention to the wider perspectives of the
innovation system. The origins of the roadmapping method, and its widespread adoption by firms
with a primary focus on their products and the technological capabilities needed to develop them,
has resulted in previous studies being biased towards features of roadmaps related to
technological aspects and underlying R&D (Yasunaga et al. 2009). They not only pay less
attentions to contextual factors within broader innovation systems, which are increasingly
becoming the focus of recent roadmapping practices, but also neglect systematic alignment of
these interrelated roadmaps in a coherent and integrated way.
In order to address this gap between theory and practice, this paper discusses conceptualisation
and design of an integrated roadmapping approach that allows the systematic consideration of
various perspectives in broad innovation systems. Informed by IS theories and preliminary case
studies of existing roadmapping exercises, it is more aligned with current paradigms of innovation.
It is thus expected to inform policymakers and relevant institutions with more comprehensive and
coherent ISF, and also to strengthen the conceptual basis of roadmapping, which has been
predominantly developed through empirical application.

Methodological approach
The conceptual design of an integrated roadmapping approach for effective ISF incorporating a
more systemic understanding of innovation is developed through two stages of research: (i) review
of existing literature to build the concept, and (ii) preliminary case studies to test, refine, and further
develop it.
First, insights from the IS literature have been reviewed and incorporated into established
roadmap frameworks; this is considered to be more effective than creating new constructs or
building theories from scratch (Saunders et al. 2007). The IS literature highlights that multiple
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organisations participate in the generation and diffusion of innovations, as well as collective
learning processes between them, thus emphasising the systemic, dynamic, and contextual
nature of innovation (Ahlqvist et al. 2012). In particular, the IS literature identifies various important
contextual characteristics that influence innovation, including institutions, regulation, and
infrastructure (Andersen & Andersen 2014), which have increasingly been the focus of recent
roadmapping exercises.
Second, multiple cases of existing roadmaps have been studied, in order to provide initial tests of
the conceptual design and to reveal additional features that are potentially relevant for its further
development. Guided by literature adopting the functions of IS approach, roadmaps particularly
focusing on issues of standardisation, infrastructure, and education were selected. Data collected
mainly from documents and a few expert interviews have been analysed through within-case
analyses and cross-case comparisons. This has led to the development of a more robust
conceptualisation of an integrated roadmapping approach, and also identified specific areas and
issues that require further exploration in the future.

Conceptualisation informed by existing literature
Roadmapping has become one of the most widely used foresight tools for supporting innovation
and strategy, providing a coherent and holistic framework for mapping the dynamics of complex
systems over time (Phaal & Muller 2009). One of its major benefits is the communication
associated with the development of roadmaps, particularly aligning technological capabilities with
overall business objectives (Carvalho et al. 2013; Letaba et al. 2015). Providing a platform that
supports dialogue necessary for such alignments, the general structure of roadmaps developed
by firms consist of three broad layers focusing on their primary issues, i.e., business environment
(mainly market), tangible systems to respond to market needs (usually products), and resources
required to develop them (mainly technology) (Phaal & Muller 2009). These correspond to the
fundamental questions of ‘why they are needed’, ‘what is to be done’, and ‘how they can be
achieved’, respectively, with three broad perspectives representing different interests and
concerns of various stakeholder groups participating in corporate roadmapping – mainly marketing
and sales, product development, and R&D groups (Cosner et al. 2007).
As innovation processes become more complex and depend on internal as well as external
innovative activities of firms, there are increasing developments of roadmaps in broader contexts
of innovation systems, led by high-level organisations such as government and industry
associations (Battistella et al. 2015). Flexibility and scalability of roadmaps allow them to overcome
challenges introduced by multidimensional and complex characteristics of innovation, by bringing
various stakeholders from multiple public and private organisations, so enabling greater
understanding of diverse contextual forces (Saritas & Oner 2004). They include not only wider
socio-economic elements that influence innovation beyond market drivers, including social
institutions such as regulations and standards (Ahlqvist et al. 2012), but also underlying
infrastructure that supports broad innovation activities, including financial and human resources
(Battistella et al. 2015). Given the changing nature of innovation which depends on competing or
complementary technology bases to meet converging or multiple market needs, extended
perspectives of market and technology beyond the conventional scope may also be included
(Letaba et al. 2015).
Fig.1 illustrates how recent roadmaps at the innovation system level incorporate a broader range
of perspectives than conventional technology roadmaps, reflecting the systemic and contextual
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nature of innovation. It consists of three broad layers, i.e., demand context that governs overall
goals (internal and external markets, as well as other socio-economic drivers), core focus of
innovation system to respond to these drivers, and supply context required to develop the system
(internal and external technologies, as well as other capabilities and resources), each
corresponding to three key questions of roadmaps, i.e., ‘why’, ‘what’, and ‘how’? This creates
synergy by sharing information across organisational boundaries and producing additional value
from systemic interdependencies (Petrick & Echols 2004), with the innovation system roadmap
supporting more effective practice of ISF.

Fig.1 Roadmap at the IS level with a broader scope than conventional technology roadmap
In order to provide more implementable guidance, however, specialised, dedicated roadmaps
focusing on different issues and perspectives of innovation systems need to be developed. While
the above roadmap depicts an overall large-scale strategy picture of diverse factors (including
contextual issues) involved in innovation systems, it is extremely difficult to develop their detailed
plans due to high interactions required and potential conflicts of interests among a very broad
range of stakeholders (Carayannis et al. 2016). The hierarchical structure of the roadmap, together
with its flexible and scalable nature, enables a family of sub-roadmaps focusing on particular
issues to be developed, by ‘drilling down’ to enable various perspectives of a system to be
represented at a greater level of detail. Their sub-layers can be combined and expanded to reflect
the primary focus of individual roadmaps, allowing the roadmapping ‘lens’ to ‘magnify’ and focus
on issues and areas of the innovation system that particular stakeholder groups are most
concerned about (Phaal & Muller 2009); see Fig.2 for illustration.
Literature adopting the functions of IS approach can provide useful insights for systematic
configuration of these multiple sub-roadmaps, as Phaal & Muller (2009) suggest that a good
starting point is to consider various functions to be achieved by the subject of a roadmap (i.e.,
innovation system in this case). Focusing on key activities and factors that influence innovation
processes (as opposed to other IS literature that focuses on structural and institutional features of
systems), the functions of IS approach helps categorise different types of diverse issues relevant
to innovation (see Bergek et al. 2008 for examples of functions). Roadmap at the innovation
system level may thus be decomposed into multiple specialised roadmaps at more manageable
levels, each focusing on a specific function of IS (see Fig.2). Since the current paper particularly
focuses on contextual issues additionally incorporated in the overarching roadmap (rather than
those related to core system in the middle), only demand- and supply-related functions of IS are
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highlighted in Fig.2. Each function, usually represented as a single layer in the overarching
roadmap at the innovation system level, becomes the primary view of each specialised roadmap
at the functional level; it is thus expanded into multiple layers in the middle, answering the question
of ‘what’ aligned with the focal IS function. Other layers of the overarching roadmap are combined
and reconfigured to layers in either demand or supply contexts as appropriate, answering the
questions of ‘why’ and ‘how’ (as illustrated in the right hand side of Fig.2).

Fig.2 Decomposition of overarching roadmap at the IS level into multiple specialised roadmaps
at the functional level of IS (partly adopted from Ahlqvist et al. 2012; Phaal et al. 2012)
As layers of these multiple specialised roadmaps at functional levels are interrelated with each
other, the systematic integration and alignment of them is critical to ensure efficient use of
resources and effective value capture in complex innovation systems. Existing studies on firmlevel roadmaps identify the value of coordinating across multiple roadmaps developed by different
business units; identifying common needs and capabilities, this allows cost reduction through
reallocating and sharing resources across similar businesses (Albright & Kappel 2003; Cosner et
al. 2007). An integrated roadmapping process is thus needed, resolving any disconnects and
misalignments, and opening cross-organisation channels of communication to establish effective
alignment (Cosner et al. 2007).
A proposed process of integrated roadmapping for systematic alignment of multiple functional
roadmaps is illustrated in Fig.3. Multiple specialised roadmaps focusing on specific layers of an
overarching roadmap are systematically synchronised into an integrated roadmap, by linking
related issues relevant to various functional activities of innovation systems and considering
interactions between them. The integrated roadmap is better informed by details of specialised
roadmaps than the previous overarching roadmap at the innovation system level; it also helps
refine and better align multiple roadmaps at functional levels, by feeding content into contextual
layers of individual roadmaps. For more systematic integration and alignment of these roadmaps,
it is critical to establish clear architectural relationships between them, i.e., how an overarching
roadmap at the innovation system level is decomposed into sub-roadmaps at functional levels,
and how their segments relate to each other.
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Fig.3 Process of integrated roadmapping for systematic alignment of functional roadmaps

Further conceptualisation using illustrative case studies
In order to explore the extent to which current roadmapping practices are consistent with the
proposed conceptual design, preliminary case studies of existing roadmaps (particularly ones in
visual formats of time-based charts, similarly to those in the conceptual design) are carried out.
The selection of case studies is guided by literature on functions of IS, identifying a growing
number of specialised roadmaps that address various innovation functions (including legitimation
and resource mobilisation, in particular) by specifically focusing on issues of standardisation,
infrastructure, and education. Exploratory case studies of these functional roadmaps are
presented in this section to illustrate and further develop the conceptual design, and identify
specific features and issues to be additionally explored in order to address challenges associated
with their systematic integration.
Case 1: standardisation roadmap
The IS literature highlights institutional elements of innovation, with standards increasingly
recognised as powerful institutional mechanisms that shape technological changes and direct
innovations. They support innovation in a variety of ways, including: defining and establishing
common foundations upon which innovative technology may be developed; codifying and diffusing
state-of-the-art technology and best practice; and allowing interoperability between and across
products and systems (Allen & Sriram 2000; Swann 2010; Tassey 2000). As the activity of
establishing and recording such standards (de Vries 1999), standardisation thus enables the
important functions of transferring and diffusing new knowledge by codifying innovative ideas and
supporting their dissemination across broad innovation systems. The IS literature also identifies
various other functions of standardisation in innovation, including: legitimation, by reducing
uncertainty and increasing social acceptance; influence on the direction of search, by selecting
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dominant designs and guiding learning activities; and development of positive externalities, in the
form of network effects (Edquist & Johnson 1997; Lundvall 1992; Smith 2000).
Recognising such important functions of standardisation in support of innovation, there have been
increasing needs for a systematic and future-oriented approach for anticipating future
standardisation needs and developing relevant strategies (European Commission 2011; Scapolo
et al. 2014). A number of standards organisations across the world have recently adopted
roadmap-based strategic exercises in various areas where standardisation plays critical roles,
including additive manufacturing (as in the example of Fig.4), smart grids, electro-mobility, and
smart manufacturing (DKE 2014; NIST 2010; NPE 2012; SASAM 2014). The systematic nature of
the roadmap framework helps to frame standardisation strategies within a broader context of
existing ISF, enabling the best use of standardisation. As the consensus-based nature of the
roadmapping approach also helps coordinate and align diverse activities of various stakeholders
participating in standardisation, it is particularly useful in interdisciplinary areas involving actors
from diverse backgrounds (Ho & O’Sullivan 2017).

Fig.4 Standardisation roadmap for additive manufacturing (SASAM 2014)
Case 2: infrastructure roadmap
Infrastructure is an important element contributing to the formation and operation of innovation
systems, thus much IS literature identifies the provision of relevant infrastructure as a critical
prerequisite for innovation systems to function properly (Lundvall 1992; Smith 2000). While there
is no conclusive agreement as to what the term infrastructure covers, existing literature discusses
a wide range of structural elements broadly categorised into: physical infrastructure (e.g.,
artefacts, instruments, machines, roads, buildings, and networks), knowledge infrastructure (e.g.,
expertise, know-how, and strategic information), and financial infrastructure (e.g., subsidies,
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financial programs, and grants) (Wieczorek & Hekkert 2012). As modern technology-based
innovation systems become more complex, underlying infrastructure that supports the design,
deployment, and use of these systems also becomes increasingly complex, resulting in even more
diverse dimensions of infrastructure (Link & Metcalfe 2008).
Roadmapping has thus been widely adopted for systematic management and planning of
infrastructure necessary to support innovation systems, considering its multidimensional
characterisation. In particular, an increasing number of roadmaps are developed in emerging
areas such as intelligent cities and smart transportation, where both physical as well as intellectual
and social capital provide essential platforms allowing the efficient implementation and delivery of
services (City of Austin and CapMetro 2017; Dirkx et al. 2013). For example, Fig.5 shows an
example of infrastructure roadmap developed by Low Carbon Vehicle Partnership, to identify
infrastructure needs and barriers for the deployment of electric vehicles (Low Carbon Vehicle
Partnership 2015). The roadmap framework provides an effective communication tool for such
cross-sectoral engagement among diverse stakeholders, which is critical as firms and other publicsector agencies often underinvest in infrastructure themselves, due to its public and quasi-public
good nature (Link & Metcalfe 2008).

Fig.5 Infrastructure roadmap for electric vehicles (Low Carbon Vehicle Partnership 2015)
Case 3: education & workforce development roadmap
Helping innovation actors develop skills and expertise necessary to translate advanced scientific
and technical knowledge into innovation, educational and training frameworks are important
organisational and institutional contexts that are essential for the formation and development of
innovative capacities (Borrás & Edquist 2015). Although there is a lack of systematic
understanding of the ways in which they influence innovation (mainly due to many overlapping
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concepts relevant to capacities in diverse disciplines, e.g., human capital, competence,
occupation), their importance is broadly accepted in the IS literature (Toner 2009). There are
increasingly diverse formal (e.g., educational institutes) and informal (e.g., ‘learning-by-doing’ in
the workplace) educational frameworks and programmes at various levels of innovation systems
(Borrás & Edquist 2015).
Firms and research institutions thus recognise needs for systematic foresight approaches to
identify current and future capability needs, and design adequate programmes that help build them
(Albers et al. 2015; ILO 2014). In particular, there are significant challenges with education and
training of the workforce for emerging technologies, including: more flexibility between educational
organisations and workplace training programmes needed due to radically changing innovation
systems; time lag between needs for specific competences in the short term and the long time
needed to develop them; and division of labour between public and private action in the field of
education (Borrás & Edquist 2015). In order to address such challenges, a number of research
institutes have recently developed education and workforce development roadmaps (CESMII
2017; NCMC 2017; RAPID n.d.); see Fig.6 for an example.

Fig.6 CESMII roadmap for workforce development (CESMII 2017)
Architectural structure of specialised roadmaps at the functional level
Case studies illustrate that more detailed roadmaps focusing on specific perspectives and
functions of innovation systems are recently being developed by relevant stakeholders
responsible for particular issues. While these perspectives often exist as contextual layers (i.e.,
either drivers or capabilities) of overarching roadmaps at the innovation system level, whose core
architecture is dominated by technology/product/system (Phaal & Muller 2009), they may become
primary views of individual sub-roadmaps at functional levels; their core interests and features are
placed in the middle of the roadmap, and other relevant views (including technology/product) are
incorporated as their own contextual layers, defining the overall scope of the roadmap (as shown
in Fig.2).
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Detailed architecture and visual format of these sub-roadmaps vary depending on the objective of
their implementation, the focus and scope of the issues being addressed, and their level of
interest. Nevertheless, they generally cover all three key questions (i.e., ‘why’, ‘what’, and ‘how’)
often discussed in roadmapping exercises; even though some questions are not represented in
visual roadmaps shown in Figures, they are generally discussed as prose descriptions in
roadmapping documents. Summarised in Table 1, these questions and associated issues and
concerns may help design architectural structure of specialised roadmaps at the functional level.
Table 1. Key questions discussed in specialised sub-roadmaps
Roadmap
topic
Questions
Who are responsible
stakeholders leading
roadmapping?
Why does it need to
be done?
What needs to be
done?

How can it be
achieved?

Standardisation
Standards
organisation
Needs / rationales /
benefits of standards
(e.g., compatibility…)
Types of knowledge
to be codified, parts of
system to be
standardised
Resources (human,
capital, technology,
infra.) needed

Infrastructure
Public-private
partnership of relevant
stakeholders
Needs / benefits of
common platforms
(i.e., services…)
Physical / knowledge
structure of
infrastructure systems
Standards, technology
base, resources
(finance) needed

Education and
Workforce
Development
Educational institutes
/ organisations in
workplace
Market needs for
particular capabilities /
competences
Required
skills/expertise, details
of programmes to
develop them
Technology, infrastructure (facilities,
organisation) needed

Challenges associated with integrating multiple roadmaps
As there are significant relationships and overlaps between issues addressed in specialised
roadmaps at the functional level (as shown in Table 1), experts emphasise the importance of
alignment and coordination between relevant roadmaps as well as other strategic plans for their
effective implementation (Featherston & Boulton 2017). However, only limited efforts have been
observed regarding their coordination and systematic integration (e.g., CESMII 2017), resulting in
uncoordinated strategic efforts led by multiple actors in innovation systems. For example, there
are various national-level strategy documents independently developed to facilitate translation and
commercialisation of synthetic biology in the UK (including 2011 UK national synthetic biology
roadmap and 2016 UK synthetic biology strategic plan) (Clarke & Kitney 2016). Focusing on
different aspects and developed in a wide variety of format (from time-based charts to prose-based
descriptions in abstract words), they are disconnected from, and incompatible with, each other,
potentially leading to duplicated efforts and misaligned activities, both of which are detrimental to
innovation. A diverse range of support initiatives and relevant strategic plans that are fragmented
across a broad group of stakeholders are also observed in the field of additive manufacturing,
possibly due to a wide variety of application sectors and diverse technologies involved (AM-UK
2018).
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Such disconnection and lack of coordination between relevant strategies developed by multiple
stakeholders may lead to critical problems such as wasted resources, underemployed manpower,
and an inability to participate in future opportunities (Petrick & Echols 2004). Further research is
thus needed to explore how roadmapping frameworks can be designed to effectively support the
systematic integration and alignment of multiple roadmaps focusing on different IS functions.
In addition, case studies show that such coordination and collaboration across multiple actors face
significant challenges, in terms of substantial resources (both financial and human) required in a
series of roadmapping activities. Additional efforts are also required, including: ensuring that the
same terminology and language are used to allow effective knowledge sharing across diverse
organisations; developing trust between them to enable effective collaboration; and overcoming
cultural barriers in terms of developing strategic plans (e.g., some organisations may prefer textbased formats rather than visual roadmaps). Further research is thus needed on how
roadmapping processes can be designed to address these challenges, supporting more effective
implementation of the integrated roadmapping approach.

Conclusion
This paper presents the conceptualisation and design of an integrated roadmapping approach for
effective ISF, iterating between an overarching roadmap at the innovation system level and
multiple specialised roadmaps at functional levels (focusing on particular perspectives of
innovation systems). By explicitly taking IS perspective as the theoretical underpinning, it allows
more systematic and coherent consideration of various perspectives in broad innovation systems,
so reflecting the systemic, contextual, and evolutionary understanding of innovation. It also
incorporates examples and insights from preliminary case studies of existing roadmapping
exercises, thus closing the gap between theory and practice
Due to complex and dynamic interrelationships between multiple sub-roadmaps, further research
is needed on their systematic integration and alignment, in order to ensure efficient use of
resources and effective value capture in complex innovation systems. It aims to provide
policymakers and relevant institutions with more informed guidance for comprehensive and
coherent foresight practice, and also to strengthen the conceptual basis of roadmapping, which
has been predominantly developed through empirical application.
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