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A B S T R A C T

While there is a general recognition that breakthrough innovation is non-linear and requires an alignment be-
tween producers (supply) and users (demand), there is still a need for strategic intelligence about the emerging
supply chains of new technological innovations. This technology delivery system (TDS) is an updated form of the
TDS model and provides a promising chain-link approach to the supply side of innovation. Building on early
research into supply-side TDS studies, we present a systematic approach to building a TDS model that includes
four phases: (1) identifying the macroeconomic and policy environment, including market competition, financial
investment, and industrial policy; (2) specifying the key public and private institutions; (3) addressing the core
technical complements and their owners, then tracing their interactions through information linkages and
technology transfers; and (4) depicting the market prospects and evaluating the potential profound influences on
technological change and social developments. Our TDS methodology is illustrated using the field of Big
Data & Analytics (“BDA”).

1. Introduction

One can view technology development from a number of perspec-
tives. The supply chain perspective views technology development as
an attempt to deliver a system to meet specific human needs or wants,
while the market embedding perspective looks at technology develop-
ment in terms of uptake, adoption, and the wider use of technology.
Through this perspective, innovation is strongly affected by the dy-
namics of the economic and the social/political contexts that shape the
transformation of new technology into products and services that are
well embedded in markets and society. Both perspectives are techno-
centric, in that they start with a technology option and explore the
future pathways of development and uptake.1 When facing constantly
fluctuating economic environments and swiftly changing markets, in-
dustrial actors are driven to pursue continual technological innovation

as a response to maintaining a competitive edge (Wang et al., 2008).
However, the process of technological innovation, which takes place
through highly complex socio-techno-economic systems, is marked by
the increasing role played by other factors, such as regulation and
marketing. The social acceptability of innovation, especially where
organized critical groups are concerned, must also be considered (Giget,
1997). Addressing these important relationships in the process of socio-
technical change associated with complex technologies, thus, becomes
a thorny problem for decision makers, both in government and in-
dustry.

Over the past few decades, a large number of innovation system
approaches to explicate innovation in complex competitive environ-
ments have emerged. We have found the “Technology Delivery System
(TDS)” conceptual model, first proposed in the 1970s, offers a helpful
techno-centric approach for understanding what translates an idea into
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1 This is the opposite of a user-centered perspective, which places the user at the center, and where many technology options are compared and contrasted based on user-defined
criteria.
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an effective innovation.2 The TDS offers an important framework for
gathering and organizing information, and for drawing conclusions
about the implications that can be used for decisions around emerging
technology supply chains.3 It also helps those involved in technological
forecasting to organize and communicate the critical problem-struc-
turing phase of a forecast (Roper et al., 2011). The resulting system
model can help public and private sector decision makers grasp key
structures and processes and how these can be tuned to enhance the
prospects of successful innovation.

Until now, we have not formulated a systematic approach to un-
derstand the new and emerging science and technology (NEST) and its
associated TDS modeling, including technological regimes, technology
architectures, and socio-technical systems (Porter et al., 2015). This
paper presents a systematic framework for building a TDS model to
explore empirical insights that draws upon different types of documents
(e.g., policy reports, funding proposals, scientific articles, and patent
assignment information).

The remainder of this article is organized as follows: following this
introduction, the theoretical background of this study and a short
overview of related literature is provided in Section 2. Section 3 ex-
plores the research objectives; then the systematic approach of building
a TDS framework is developed in Section 4. Section 5 describes the
search strategy and data retrieval for the present case analysis, leading
into Section 6, which presents the empirical results of the Big Data &
Analytics (“BDA”) case study. This is followed by a discussion and the
managerial implications in Section 7. Finally, our conclusions are
drawn in Section 8.

2. Literature review

The notion of a TDS was employed by the National Academy of
Engineering to represent the complex processes by which knowledge of
the consumer is deliberately applied to achieve amenities and social
values (Wenk, 1973). In this model, the innovative process is driven by
the market, where the government attempts to minimize the barriers
that impede the TDS and to support struggling industries through an
innovation policy of fixing market failures (Branscomb, 1973).4 Each
technology has its own delivery system, consisting of a number of in-
teractive components, and each component consists of a set of institu-
tions that contribute to a common function. These institutions might
include research institutions, manufacturing firms, product distribution
companies, or the lending institutions that make operating funds
available to other components in the TDS (Ezra, 1975). Wenk and
Kuehn (Wenk and Kuehn, 1977) proposed a TDS framework that in-
cluded four elements (input, public and private institutions, inter-
mediary institutions, and outcomes) to project the important factors
involved in a particular innovation. The TDS approach strives to ad-
dress the most important relationships in the process of dynamic socio-
technical change in order to reflect the ongoing process of technological
development. The TDS depicts the innovation process as a stream of
activities, driven by the invention of new capabilities and pulled by the
demand for products, and the process is greatly influenced by a variety

of exogenous societal influences, such as government policy (Porter
et al., 1985).

The National Academy of Engineering report was innovative for its
time. However, it has now become abundantly clear that actors and
stakeholders play a central role in the delivery of new technology. Two
prominent sources soon set out the fundaments of a new discipline of
stakeholder analysis and management (Freeman, 1984; Mitroff, 1983).
Sources such as these helped educate subsequent generations of en-
gineers and engineering management. Other developments focused on
the right delivery of technical analyses. Analysts soon asked whether a
single correct solution to technical problems could be delivered at all –
when the very definition of correct is something that can be contested
(Rittel and Webber, 1973). This led to new forms of operational re-
search addressing both the “hard” and “soft” sides of a problem. The
field is now more correctly known as problem structuring methods
(Rosenhead and Mingers, 2001). References such as these were so
persuasive and so central to thinking about engineering problems that
they arguably helped launch the new fields of engineering management
and technology management (Cunningham and Kwakkel, 2011).

Despite the widespread influence of thinking about actors, stake-
holders, and socially contested problem solving in engineering, a
question remains: How can we best update the National Academy of
Engineering report on TDS to take this well-established knowledge base
of engineering and technology management into account? This is a
much more specific question, as we can now focus specifically on the
needs and requirements of the TDS and its users. After reviewing a
dozen distinct strands of literature, a question arises as to whether there
is something uniquely useful about the TDS concept. The purpose of this
review is to overview a number of potentially relevant and closely-re-
lated concepts regarding TDS modeling. This review and synthesis seeks
to generate a clearer perspective regarding the strengths, weaknesses,
limitations, and future opportunities for research into TDS. We divided
the literature into three parts – perspectives on technology, perspectives
on delivery, and perspectives on systems.

The technology perspective emphasizes the R &D processes re-
quired to produce a new technology. A key contribution is technology
roadmapping (TRM). According to Phaal et al. (Phaal et al., 2004), a
technology roadmap helps organizations reconcile the technological
and commercial perspectives on the emergence of new technology.
These authors identify eight distinct kinds of maps, developed for eight
different kinds of organizational purposes. Kappel (Kappel, 2001) pro-
vides further direct evidence of how technology roadmaps promote
useful strategic conversations inside a technology-driven organization.
TRM became important for guiding large R &D consortia, particularly
those surrounding the development of semiconductor technologies.5

Walsh (Walsh, 2004) provides a useful modern case study demon-
strating the continued relevance of roadmapping for the newest gen-
eration of semiconductor technologies. The technology roadmapping
perspective is most widely cited in the fields of management and
business.

The “delivery” notion focuses attention on the complex network of
organizations, policies, and incentives that help produce and deliver
technology-based products or services. This perspective is largely
adopted in the social sciences literature, including the fields of so-
ciology and public administration. The policy analysis framework em-
phasizes a feedback loop between perceived gaps in policy and strategy,
and the measures taken to enact desirable changes in a system (Walker
et al., 2001). Prominent within these theories is the concept of a small
coalition of actors who negotiate with each other in pursuit of specific
policies or economic interests. Representative theories include ad-
vocacy coalition theory and growth coalition theory (Sabatier, 1988;

2 The authors acknowledge that user-centered approaches are also useful, but for those
strategically interested in particular technology fields, a techno-centric approach is very
useful even though one has to be aware that it is only one perspective on technological
innovation.

3 The TDS focuses on supply chain activities rather than the whole socio-technical
system of a particular innovation. Thus, while other areas of the socio-technical system
are important (for example, user uptake processes), these are not the focus. However,
users do become involved in supply chain activities and so are included in the TDS, but
only in their role as influencing supply-chain activities not in their role as adopters of a
technology option.

4 The role of governments in Western capitalism has come into question, where the role
of governments solely to fix market failures, rather than direct markets, is being recon-
sidered. For a very recent work, see http://esamultimedia.esa.int/docs/business_with_
esa/Mazzucato_Robinson_Market_creation_and_ESA.pdf.

5 Some authors have argued that these consortia were necessary for industrial co-
ordination given the lack of a centralized industrial policy in the United States (Saxenian,
1990).
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