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ABSTRACT

The present study was conducted to investigate new emerging directions and identify
literature by depicting and analysing the historical origins, contemporary research fields
and intellectual authors in the domain of Innovation Systems. Using the ISI WoS database,
we deployed a systematic review of the literature using scientometric approaches for
delineating the various innovation systems in STS literature and conduct a specific analysis
of each system. Publications in the WoS database were filtered using the search string
“‘innovat* NEAR/2 syst™” in the publication title for the period 1990 to 2017. A total of 692
innovation-related publications with contributions from 1651 authors were processed
article by article, and as a result, 7 innovation clusters were reviewed using highly frequent
cited papers. After constructing a co-citation network map to derive the structure and
origins in the innovation systems field, we found that 330 (47.68%) of all publications were
published in only 12 (5.71%) journals in research areas of business economics, public
administration, environmental sciences ecology, geography and science technology. In
mapping the evolution and salient features of the innovation systems approach, we
performed a keyword co-occurrence textual analysis which reveals important characteristics
about each innovation cluster. More so, topics like “policy”, “technology” and “knowledge”
continues to be dominant research topics in all periods of the study. However, emerging
topics are moving away from the theories and processes of innovation. The paper aims
to be a potential guide to science policy researchers and newcomers to become familiar
with this field of study as it examines the salient features and evolution in the field of
innovation studies.
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INTRODUCTION

During recent decades, science policy scholars have devoted
significant efforts in identifying new trends and directions in
the STS domain, particularly in innovation and competitiveness.
The spread of the internet and information and communication
technologies have significantly spiked the level of interna-
tional collaboration!! thus triggering new heights of research
and innovation potential. Even policymakers are keen on the
investment in research and innovation as a key contributor
to economic growth and the development of a market-based
economy.”) Emerging technologies like ICT, biotechnology,
and new materials that rapidly diffused in the 1970s and 1980s
have shown to intensify the science-technology interface and
enhance the importance of networking systems for achieving
innovative success.’! New technologies are seen as enablers
of scientific exchange of information by the ‘shrinking’ of the
Copyright
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globe that has considerably reduced the effects of geography
on scientific activity and has given rise to the emergence of
the ‘global village”.) Thus, many scholars>¥ point to a close
connection in science and technology infrastructure and
economic development and enhanced societal welfare.

Innovation has therefore, become the new world language
that will contribute both to competitiveness and economic
development.**! The concept of innovation is conceived by
many scholars differently. Schumpeterian view of entrepre-
neurial innovation consider it to be a “critical dimension of
economic change™ while defining it as “carrying out of new
combinations”” which may be in the form of new products
or a new species of existing products, new methods of
production or sales of a product, new markets, new sources
of supply of raw material or semi-finished goods and new
industrial structures.* Nelson and Rosenberg!® have considered
innovation as a “processes which firms master and get into
practice product design and manufacturing processes that
are new to them™ by adopting the process aspect of the
innovation. West and Anderson! have considered both
the product and process aspect of innovations in terms of
the practicality of their introduction. The definition of
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innovation suggested by the Oslo manual considers it to
be “the implementation of new or significantly improved
product (good and service) or a process, or a new marketing
method or a new organisational method in business practice,
work place organisation or external relations”.['”) As these
elements often originate from different actors, innovation
following Schumpeter is, as a result, interactive learning.
Through interactions in the economy, various pieces of
knowledge or elements get combined in new ways to create
new knowledge or new products and processes.”) These
interactions and linkages that occur on different levels between
and among firms, universities and government institutions are
best understood through the innovation systems approach.

Work on the idea innovation systems appear in the late 1980s
and were only documents that emerge as alternative models to
the predominant macro-economic theories that tend to focus
on market mechanisms and neglect institutional mechanisms,
a focal point for the former in understanding and mapping
technological competitiveness of economies. The first
published literature on innovation system was by Freeman!'?!
in his book on technology policy and economic performance
in Japan. Since then emerging social structure of economic
and technological globalisation, has given rise to the forma-
tion of networks comprising of different players — producers,
consumers, among others — across which flow knowledge and
innovation." As such, economies are getting integrated not
just by economic and financial means but through knowledge-
based institutions and innovation systems that are dispersed
geographically. This led many scholars to the conceptualiza-
tion of various innovation system approaches like technology
systems, national systems, international systems and responsible
innovation. Admittedly, these perspectives can be clustered as
variants of a single generic ‘systems of innovation’ (SI) approach.””
The SI approach is useful in the analysis of innovation which
has found its way in many national, regional as well as
international organisations such as the OECD, the European
Union, UNCTAD, and UNIDO.[!3! More so, the SI is an
interactive learning system comprising of the determinants
of innovations (social, economic, political and environmental
factors), organisations (formal structures), institutions (rules,
norms and practices) and relationships among them to devel-
op, diffuse and use innovations.!'”!

Despite developments in the literature of innovation system
(IS) in recent years, there still remains limited documented
research on the historical origins, evolutions and structure of
the scientific field.l'"”) An analysis and understanding of the
changing structure and research trends of a scientific discipline
is useful for anyone to coherently understand the various
scales, magnitude and level of innovation systems existing
either at the country level, sub-country or international level.l'”
For science policy researchers, it helps in positioning their
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investigations within the field and identifies new emerging
directions and key literature in the field of study by delineating
the various innovation systems in STS and conduct a specific
analysis of each system deterrent and unit of analysis. In this
context, the paper attempts to map the literature on systems of
innovation using scientometric methods. Thus, we intend
to answer the following questions in the field of systems of
innovation: What are different innovation system approaches
and how do they differ from one another? What are the key
issues addressed in the different innovation system approaches?
And what are the research areas, sources of publications and
contributing authors?.

Most studies have analysed the structure and evolution of SI
approaches from the standpoint of either qualitative and
bibliometric methods. For example, Sharifl"*! interviewed
prominent contributing authors in the field of innovation
systems to determine the history and emergence of the SI
approach using the social constructive perspective. The study
explored themes of social controversies that shaped the devel-
opment of the NIS concept which could help explain certain
features (actors in the system) of the varying innovation
systems approach. However, analysis of expert judgements
may contain subjective elements and provide limited cognitive
horizons, thereby creating a coalesce of selective individuals
(and their research) and overshadowing new comers to the
field of innovation studies.'”) Martin®” performed a citation
analysis to uncover the origins and evolution in the field of
innovation studies using highly cited publications and core
journals. His analysis points to various timelines in the
development of the field and showed that SI approaches
comprises of National, Regional, Sectoral, Triple Helix and
Technological systems of innovation. The problem with
focusing on journals as an indicator for defining a particular
field is that low impact journals with low impact publications
will get similar score as high impact journals having high
publications.?!) Also, the selection of high impact documents
has limitations on identifying frameworks that are weakly
developed or have potential links with other fields of innovation
systems. Uriona-Maldonado, dos Santos® used bibliometrics
to analyse 773 articles published in the Science Citation Index
Expanded database from 1975 to 2009. Using words such as,
“Innovation Systems”, “Innovation System”, “System of
Innovation” and “Systems of Innovation” they found that
Lundvall (1992), Nelson (1993), Freeman (1987), Edquist
(1997), and Porter (1990) were the top five cited references in
the field on innovation systems. Their results were confined
to identifying routine scientometric indicators such as impor-
tant authors in the field, journals where the publications are
published and the co-citation network among authors with
limited analysis on the interpretation of the different innovation
systems approach. Improving on this study through similar
search selections in the SCI-Expanded, SSCI, and AHCI
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databases, Liu, Yin['* analysed co-citation and co-occurrence
pattern of 1,364 articles. The results were much similar to the
findings of Uriona-Maldonado study but with the addition of
highlighting turning points at which new directions emerged
in the IS literature. However, the use of narrow search string
fails to highlight emerging fields of research like open inno-
vation and responsible innovation. A more recent and robust
analysis by Kashani and Roshani®! used co-citation and
centrality to map the network of new concepts, their connec-
tions and citations from a database of 2600 articles on innova-
tion systems literature. The study added pioneering work of
Nelson and winter (1982) and Cohen and Levinthal (1990)
among the top five cited references shaping the evolution of
the IS literature but did not venture beyond author analysis in
depicting the intellectual structure and evolution of literature

in IS field.

As mentioned, the previous studies examined the field of
innovation studies from different perspectives using sciento-
metric analysis to identify publication outputs, citation count
and important contributing works in the field. However, they
do not provide adequate information beyond their analysis
relating to the salient features of each of the different innovation
systems uncovered in the studies. The central problem arises
from the fact that selective IS taxonomy does not provide a
comprehensive knowledge structure and emerging direction
of the scientific field. This research gap is highlighted in the
following aspects: 1) Inadequate search string eliminates key
studies which could provide new concepts and emerging
frameworks in the field of ST such as open innovation, responsible
innovation among others. 2) Lacking the analysis on the
different SI approaches and their respective features and
contributing authors. 3) The data analysis of existing studies
does not highlight core contents of publications, intellectual
structure and research trends from the perspective of sciento-
metrics. To fill this gap, we use a Boolean expression of systems
of innovation which has similar taxonomy with studies!'¢>!
but with the potential to complement these studies further
by including documents where the words “innovation/s” and
“system/s” or vice versa are separated within 2 words from
each other. This method provides emphasis on the categories
of research using systems of innovation approach, though
careful selection of relevant publication is required. The
methodology used for the scientometric analysis is presented
in Section 2. As research is published in many journals and
databases, it is always useful to have a consolidated scientific
citation database like Scopus or Web of Science where rigorous
guidelines are implemented for indexing journal. Thus, the
science citation database acts as central information hubs for
extracting and analysing any domain or field of literature by
researchers. Application of these indicators would allow
examining innovation systems research field to map their
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intellectual structure and evolution. Thus, we aim to fulfil the
following objectives in this paper:

a) What are different innovation system approaches and
how do they differ from one another?

b) What are the key issues addressed in the different innovation
system approaches?

c) What are the emerging research areas, sources of publica-
tions and contributing authors?

The paper achieves these objectives by deploying a coherent
and rigorous systematic review of the literature using scien-
tometric approaches to map and analyse key documents
describing the historical origins and evolution in the domain
of innovation studies. Systematic reviews provide for a trans-
parent, replicable and rigorous methodology for understanding
a given body of literature.>*] Thus, this provides the oppor-
tunity to explore and identify concepts in the SI literature more
deeply through a comprehensive analysis of carefully curated
publications. Secondly, the paper goes beyond traditional
citation counts and employs VOSviewer to identify and
visualize the intellectual structure, new emerging felds, and
leading authors in innovation studies through a timeline
perspective. A study by Wei and Zhang!'”! showed that dividing
publication dataset into periods helps to better identify intel-
lectual structure and evolution of a discipline. Thirdly, this
paper aims to be a potential guide to science policy researchers
to become familiar with this field of study by delineating the
various innovation systems in STS literature and conduct
specific analysis of each system deterrent, unit of analysis and
magnitude.

METHODOLOGY

The source of data for performing bibliometric analysis and
visualising the intellectual structure was collected from the
online version of Social Science Citation Index (SSCI)!
produced by the former Institute for Scientific Information
(ISI), known now as the Web of Science. Bibliometric analysis
has gained acceptance in the evaluation of researchers’ contri-
butions to the scientific community. The benefits and draw-
backs of using the bibliometric approach are well documented
in the literature of®-* and continue to be standard practice to
measure research output. A simple search on the innovation
system on the online scientific citation platform shows the
tremendous research being conducted on systems of innovation.
For example, we inputted the search string, “innovar* syst™
in publication titles by querying the Web of Science Core

1 The WoS Social Science Citation Index provides access to biblio-
graphic information relating to author, affiliations, and citations among
others for the period covering 1988 to the present. For more information,
see https://library.maastrichtuniversity.nl/collections/databases/ssci/
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databases and found 3,621 publications for the period 1990-2017,
see Figure 1.

The flowchart adopted for searching for the innovation
system-related papers is shown in Figure 2. The analysis is
multi-fold. Firstly, we used the Boolean expression “innovar*
NEAR/2 syst™ in the publication title of Web of Science for
the period 1990-2017 and found 1,959 documents where the
terms innovat™ and syst” or vice versa were separated within
2 words from each other. Within this sample, we selected those
publications written in English from the Web of Science SSCI
database in the domain of research articles, proceeding papers,
review articles, and book chapters, thus reducing the sample
to 942 documents.

We then proceed to read the abstracts of the publications and
access the full text of these studies where necessary to identify
additional documents from the list of cited references and
exclude publications that are not related to our objectives.
Accordingly, a total of 692 systems of innovation-related articles
were published in the SSCI between the years 1992 — 2017.
The general characteristics of the selected publications are
depicted in Table 1.

Secondly, from our refined dataset, we split the publications
into different periods, from 1990-2000, 2000-2010 and
2010-2017 to identify various keywords, contributing author
and cited references that help shape the evolution of innovation
system approaches throughout the selected period. So, breaking
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Figure 1: Distribution of publications and citations in the field of innovation
studies by year for the period 1990 - 2017.
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Figure 2: Research Methodology adopted in the study.
Source: Adapted from.??
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Table 1: Cross-section of preliminary results by WoS criterions.

Key Identifiers Records
Total Publications 692
Number of Authors 1651
Single Authors 191
Multiple Authors 1460
Number of Journals 209
Research Area 41
Citations 37205
Cited References 40114

the dataset into parts would locate emerging turning points in
the literature and allow for closer analysis on how innovation
system discourse (particular approaches, their scope and
magnitude) travel from one time space to another. Thirdly,
using network mapping software tool — VOSviewer version
1.6.11 — we generated a network map based on bibliographic
data of the 692 publications to analyse the frequently cited
publications that appeared in the field of innovation systems
using the co-citation analysis of VOSviewer. This analysis
given in Section 3 deviates from previous scientometric
studies!'*»%) on highly cited documents where there is a
tendency to depict the impact of author/s writing on innovation
systems without much emphasis on the purpose, research
space and implications of innovation systems approaches.
Co-citation analysis has always found its place in academic
research and is considered a powerful methodological tool in
mapping predominant research areas in any particular field or
discipline.****) The method is widely used to identify key
literature, especially in trans-disciplinary research, as it enables
the identification of intellectual structure and evolution in
relevant literature too often overshadow by standard approaches
to literature searching.['%179738) Co-citation generally refers to
the number of times two publications have been cited together
in other publications or where a source document is cited by
at least two different documents in a group of publications.
Finally, we performed a clustering analysis on the refined
dataset to extract the high-frequency keywords related to each
innovation system approach. The larger dataset would allow
for the inclusion of low impact publications from authors
who may have something to propose on innovation systems
literature, thereby providing a better approach in further
mapping the salient features of innovation systems approaches.

Systematic Analysis on Innovation Systems from
Co-Citation

The dataset in the previous section is used to generate a
co-citation network to review the theoretical and historical
origins of the innovation systems literature. Using VOSviewer, !
the publications in our dataset after processing contained

26,377 co-cited references of which about 15 per cent were
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cited two or more times with at least one other document. 793
of the cited references were co-cited five or more times, and
271 references were co-cited ten or more times. After some
experimenting, we decided to limit the citation threshold
to documents that were co-cited at least twenty times, thus
bringing the most frequently co-cited documents to 972
See Figure 3 for the network of co-cited references. The
publication titles and author names are provided in!'” where
a similar approach was taken to map the structure, dynamics
and paradigm shifts in the IS field. Careful analysis of the
dataset suggested that supplementary studies were needed as
some articles were not analytical®# in their approach.
Accordingly, certain innovation-based approaches and models
which were non-matching to the cited references were
included in the analysis as they represent important historical
roots and emerging research to the field of innovation. This
provided us with a satisfactory level of details that turned out
to yield important characteristics on the theoretical origins
and influential publications and authors in innovation systems.

Systems of Innovation Approaches

The process through which technological innovations emerge
depends to a large extent on the diffusion and absorption of
scientific and technical knowledge as well as the conversion
of these into new products and production processes. This
paints an interactive and complex system involving science,
technology, learning, policy, and demand.”) The use of the
systems of innovation approach to the study of technological
change is not new.*) The systems of innovation approach is
compatible with the notion that processes of innovation, in a
large part, are a result of interactive learning.”! The fact that
successful innovations are not isolated events*! but occur in
collaboration and interdependence with other organisation
gives rise to the emergence of Edquist,!"”! Systems of Innovation

2 Initially, 100 documents were co-cited twenty or more times, but after
preliminary analysis, only 97 documents were found relevant. For
example, the list of authors for edited books was referenced differently
causing multiple duplications.
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Figure 3: Mapping the network of highly co-cited publications, (tags are
given by author name, year of publication and journal abbreviation)
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(SI) approach. Organisations and institutions are the two most
important constituents in the SI approach. Given the systemic
nature of the SI approach; it can transcend the traditional linear
view of technological change.’) Myriad theories of systems
of innovation such as the national system of innovation, -+
regional innovation system,*) a sectoral system of
innovation,’* a technological system of innovation,*!
international  system of innovation,!'%  multilevel
perspectivel®® and recently the approach of open
innovation'®”! and responsible innovation[®7*! have attempted
to discuss the process of innovation and its underlying
assumptions.

National System of Innovation (NSI)

The first published literature on innovation system was by
Freeman!™ in his book on technology policy and economic
performance in Japan. Freeman® used the expression
‘national system of innovation’ to understand different actors,
institutions and networks as well as an interactive process
between economic, social and political factors which
brought a thorough understanding of the innovation process,
historical insight and wisdom to collaboration.’ The NSI
framework!>#! has been a pioneer in broadening the sphere
of the innovation process as it includes industries and firms
alongside other actors and organisations. It considers the
research and development activities performed by research
institutions, universities, governing agencies and policy
dimensions as a constituent of a single entity/system and carries
out analysis of the R&D activities at the national level as a
comprehensive whole. The basic intention of NSI is to change
the analytical perspective away from allocation to innovation
and from making choices to learning.*! This is reflected in
Freeman!™® definition of national innovation systems as ‘the
network of institutions in the public and private sectors whose
activities and interactions initiate, import, modify and diffuse
new technologies’.’* Overall, the NSI pertains to analysis at
the national level reflecting the available resources and insti-
tutions endowed in a given country that domestic firms can
leverage to support their innovations.”!

Regional Innovation Systems (RIS)

The concept of a regional innovation system has been evolved
from the bedrock of NSI and is aimed at unifying the
significant considerations of R&D, termed as ‘the new regional
science’.? It focuses on the significance of regions as the loci
for global economic competitiveness across firms, the insti-
tutional settings and organisational support infrastructure for
regional economic competitiveness.”” More so, it pays due
consideration to the networks, both formal and informal, as
instruments for sustaining mutual trust relationships between
firms.7) It also aims at the re-evaluation of the importance of
the ‘geographical proximity or agglomeration characteristics’
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for aiding tacit knowledge exchange and recognises the
significance of institutional and organisational learning
tendencies towards regional economic performances.”
Hence, the regions within countries or parts of different
countries delineate the geographical boundaries of RIS.

Technological Innovation Systems (TIS)

Before the emergence of the regional innovation system, a
group of Swedish scholars focused on ‘technological systems’
in a particular technology field such as factory automation,
electronics and computers, pharmaceuticals, and powder
technology.5*”) This was one of the first innovation systems
that advocate openly cross-border interactions beyond the
national system of innovation framework. According to
Carlsson, Jacobsson,®! technological systems involve three
types of network that may include market and non-market
interaction: buyer to supplier relationships, problem-solving
networks, and informal networks. Instead of focusing on the
geographical boundaries of a system, it focuses on the
constituent entrusted for the development of a ‘generic
technology’™ and its complementary constituents influencing
the innovation process thereof.”) TIS encompasses an
interactive and systemic nature of innovation processes and
emphasises the need to create policy instruments that can aid
the formation of technological innovation systems for increasing
the chances of successful diffusion of new technology and
innovation.[”-s

Sectoral Innovation Systems (SIS)

In 1997 the notion of ‘sectoral innovation system’ emerged.
The term sectoral innovation system (SIS) is defined, according
to Breschi and Malerba,l*? “as that system (group) of firms
active in developing and making a sectors’ products and in
generating and utilising a sector’s technologies; such a system
of firms is related in two different ways: through processes
of interaction and cooperation in artifact-technology devel-
opment and through processes of competition and selection
in innovative and market activities.” The sectoral innovation
system® focuses on different technology fields or product
areasl®® and the system has been defined based on an industry
or sector.l* The approach stems out from the idea that various
industries or sectors function under different ‘technological
regimes’ which are composed of a particular set of opportunities
and technological knowledge.*”) The systemic configuration
of the sectoral innovation system involves products, agents,
knowledge, technologies and their dynamics and changes
and the co-evolution of these constituents choose the directions
of the changes and transformation of the sectoral system
temporally.[56:855]
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Multilevel Perspective (MLP)

Multilevel perspective delineates three levels i.e., meso, micro
and macro which are ‘analytical and heuristic concepts’
for understanding system innovations.’” The meso level is
composed of socio-technical regimes which attribute to the
broader category of rule sets or precepts engrossed in
institutions and infrastructure of system innovation using
engineering procedures, product and process technologies
and characteristics, skills and ways of defining problems.!*”)
The micro-level comprises of technological niche which is
the locus of radical innovation. Radical innovation, due to its
novelty, has a lower level of performance.*] Hence, the
technological niches work as ‘incubation rooms’ which
provide these radical novelties with a protected space to
screen them from the upfront selections by the market. These
protected spaces can be provided in different forms for
instance by strategic R&D investment by companies and also
by subsidies by the government.[”*) The macro-level is made
up of a socio-technical landscape referring to the ‘wider exog-
enous environment’ which influence socio-technical develop-
ment i.e., cultural transformations, environmental challenges
and globalisation.”” The relationship between the three
concepts can be understood as a ‘nested hierarchy’ embedding
niche within regimes and regimes within landscapes.!*”!

Open Innovation Model (Ol)

Chesbrough defines open innovation as ‘the use of purposive
inflows and outflows of knowledge to accelerate internal
innovation, and expand the markets for external use of inno-
vation, respectively’. It combines internal and external ideas
into layouts and systems utilising business models in identifying
the needs thereof.l7912) These business models may employ
external and internal ideas to produce values. Open innovation
presumes that internal ideas, to create value, can also be
introduced in the market using external channels outside the
prevailing businesses of the companies. The open innovation
model considers R&D as an open system. It advocates that
productive ideas can emerge from in and outside of a company
and can approach markets in the same ways.[*]

International System of Innovation (ISI)

Like any other innovation system approach, the ISI also
follows the System of Innovation approach comprising of
actors, institutions and interactions® but goes a step further
in linking international actors and organisations as well as
their influence to capture the international dimension of
innovation. A precise definition of the international system of
innovation is difhcult, but previous work on India’s and the
OECD countries innovation systems®2l have provided
assumptions as an extended national innovation system that
captures the interactions of global regimes on the policies and
development of a country. The dimension of global regimes
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— global environmental movements, multinational and trans-
national corporations, global telecommunication networks
— has a tremendous impact on the national policies and
development of a country which is rarely reflected upon in the
innovation process."**”) Desail!! in dissecting international
technology transfer channels in developing Asian countries
generated three underpinnings of the international system of
innovation — historically structured process, hierarchical, and
power dimension. These three descriptive foundations of the
ISI can be captured visually by an inverted triangle depicting
the hierarchical S&T resource chain where countries try to
harness and acquire technological capabilities. Moreover, this
system generates multiplying effects in favour of those
countries or regions where the S&T resources and innovation
capabilities are concentrated. This historically structured
process is a changing and only slowly changing system.[]
More importantly, this approach raises issues of interactions
between the unequal partners and socioeconomic justice.

Responsible Innovation (RI)

The RI framework provided by Owen, Stilgoe” suggests
that for an innovation to be responsible requires it to be
anticipatory (describing and analysing intended and poten-
tially unintended impacts), reflective (on underlying purposes,
motivations, and potential impacts), deliberative (processes of
dialogue, engagement, and debate) and responsive (effective
mechanisms of participatory and anticipatory governance).
The framework has since been expounded by Singh and
Kroesen (2012) where various conceptual components for
the framework of responsible innovation represent an integral
part of the innovation process - being caring, ensuring care
and certain values - which include universal and culture-
specific values, along with five dimensions (anticipation,
deliberation, participation, reflexivity, and responsiveness)
of responsible innovation. The focal point of the framework
suggests for innovation and the processes thereof to be
present to the values for social desirability, economic viability
and environmental sustainability of innovation, thereby
leading to the goal of sustainability of innovation.""??! By
following the five dimensions, the innovation process enables
the embedding of the values (universal and culture-specific)
in new and emerging innovation. These dimensions of RI are
lateral in nature and not sequential and address both sustain-
ability and responsibility in the innovation process ecosystems
by creating conditions for deliberations, participation and
anticipation from all stakeholders from the onset of research
and innovation.'™ It also brings in the approach of open
innovations in the picture by ensuring the effectiveness and
relevance of the products, processes, organisations and markets.
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RESULTS AND DISCUSSION

The sample database consisting of 692 publications is used to
create a journal citation map based on document frequency
for the three periods. The top influential journals in the field
of innovation systems are shown in Figure 4. Out of the 692
papers published across 209 journals, only 330 (47.68%) were
published in 12 (5.74%) journals, indicating an intellectual
base of journals that guide the direction and impact of
innovation systems research. Research Policy and Technological
Forecasting and Social Change remained the most influential
journals throughout most periods but emerging journals like
‘Science and Public Policy’ and ‘Journal of Cleaner Production’
are showing tremendous attention to studies covering inno-
vation systems approaches, particularly in business economics
and engineering disciplines respectively. This gradual shift in
marked by the maturing of the innovation systems field both
from a theoretical and planning tool to include sustainability
in innovation processes that would alleviate the social,
economic and environmental burdens of society.

The period 2010-2017 with 419 papers had the largest number
of publications in the search period with the last five years
accounting for over 65% of all publications during the period.
Management (110), environmental studies (95), regional urban
planning (89), economics (87) and business (77) categories
derive from WoS, comprise the most published domains in
the field of innovation systems. Business economics (239),
public administration (115), environmental sciences ecology
(108), geography (51), and science technology (45) are the top
5 research areas during the same period. In other words,
publications on innovation systems added over 780 per cent
point during the period 1990-2000 to 2010-2017. These
insights indicate that the number of studies on innovation
systems related research is growing at an exponential rate,
especially in selected journals over the last decade. Considering
that IS emerge in “Business Economics” and “Social Issues”
research area during the first five years, representing 5% of
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total citations, the field has immensely been distributed which
signifies the acceptance of innovation systems approaches in
other closely allied disciplines.

Conceptual Structure Map

We proceeded to show the top influential authors in the field
of innovation systems based on co-citation analysis, as this
helps in identifying the structure of a discipline. Here, we
decided to set the citation threshold to five to identify the
structure and relationship among authors who contribute to
the field of innovation studies. Out of the list, 1171 top
co-cited authors were selected and mapped into 7 clusters
from high-frequency words extracted from each publication
record, see Figure 5. The first cluster (C1), deals extensively
on research related to advancing the concept and development
of the national system of innovation, with leading contributions
from Freeman, C; Lundvall B A; OECD, Nelson, R R; and
Porter, M E. As the NSI was the first documented innovation
system being explicit about the networking of different actors
for enhancing technological performance, this bracket had the
most influential authors. The second cluster (C2) corresponds
to the regional innovation system, with particular reference to
firms operating in the national and international innovation
systems. The leading authors in this cluster are from Cooke,
P; Asheim, B; Doloreux, D; Todtling, F; and Storper, M. The
third cluster (C3) includes studies on technological innovation
system and the functions of the innovation system. Prominent
contributions in this field are found to be from Edquist,
C; Carlsson, B; Jacobsson, S; Bergek, A; and Geels, F W,
The fourth (C4) and ffth (C5) clusters deal with technical
change and sectoral systems of innovation, and the triple helix
model respectively. Leading contributions in the field of SSI
and TC are from Nelson, R R; Malerba, F; Dosi, G; Mowery,
D; and Pavitt, K while studies on the triple helix model had
contributions from Nelson, R R; Etzkowitz, H; Leydesdorf],
L; Cohen, WM; and Fritsch, M. In C6, 69 publications cover

(C 7) Entrepreneurship; Responsible Innovation;
Foresight

(C 6) Agricultural Innovation Systems
(C 5) Dynamics of Innovation Systems; Triple
Helix

(C 4) Sectoral Systems of Innovation; Technical
Change

(C 3) Technological Innovation System;
Functions of Innovation Systems

( C 2) Regional Innovation System;
International Innovation System

(C 1) National Innovation System

0 50 100 150 200 250 300

Contributing author

Figure 5: Clusters of relevant research themes related to systems of
innovation by co-citation for 1990 to 2017.
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Figure 6: Map of author co-citation network for all three periods. Publications
are labelled with the name of the first author and the colours are used to
indicate clusters.

agricultural innovation systems with contributions from
World Bank; North, DC; Klerkx, L; Hall, A; and Metcalfe,
S. The remaining cluster (C7) consisted of about 15 publications
that are related to open innovation, responsible innovation
and foresight studies of innovation systems and had publica-
tions from Lundvall, B A; OECD; Smith, K; Kline, S J; and
Sharif, N.

Interestingly enough, the contributing authors by co-citation
reveals the evolution and relationship of authors and their
work through clustering. This relationship and structure of
co-cited authors for all periods in shown in Figure 6. The size
of the nodes has particular importance as it indicates strong
linkages and citation of an author who is likely a prominent
researcher.l”! Names such as Chris Freeman, Charles Edquist,
Philip Cooke, Staffan ]acobsson, Bengt—Ake Lundvall, Bo Carlsson,
Richard Nelson, and Franco Malerba hold significant positions
as they are connected by different authors in the map. A more
in-depth analysis into the author names through the different
time periods is given in Table 2.

Evolution Trend Map
Journal Co-citation

For extracting the journal co-citation information, we identify
the original source where the cited publications appeared. In
examining patterns of journal rankings by citation frequency
during the three periods, it can reveal the key journals that
form the evolution of the intellectual knowledge base for
research on innovation systems.l'”’ As shown in Table 3, the
top 10 highly cited source journals are led by “Research Policy”,
“Technological Forecasting and Social Change”, “Energy
Policy”, “Regional Studies”, “Industrial and Corporate Change”,
“Oxford University Press”, “Pinter Publishers”, “Technology
Analysis and Strategic Management”, “Technovation” and
“European Planning Studies”. The period 2000-2017 contains
many recurring journals that suggest continuing research
focus on important themes in innovation systems over several
years.
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Table 2: Ranking of 10 most productive authors by co-citation for 1990 to 2017.

1990 -2000 2000-2010 2000-2010
Contributing authors Citations Contributing authors Citations Contributing authors Citations
Nelson, R R 61 Cooke, P 268 Cooke, P 306
Freeman, C 52 Lundvall, B A 261 Freeman, C 232
OECD 35 Freeman, C 217 Edquist, C 225
Lundvall, B A 34 Nelson, RR 212 Nelson, RR 225
Mowery, D 28 Edquist, C 170 OECD 217
Dosi, G 24 OECD 168 Jacobsson, S 169
Cooke, P 24 Carlsson, B 118 Lundvall, B A 165
Rosenberg, N 24 Malerba, F 101 Bergek, A 164
Edquist, C 23 Asheim, B 78 Malerba, F 156
Pavitt, K 21 Porter, M E 74 Carlsson, B 128
Table 3: Top 10 most co-cited source journals for 1990 to 2017.
1990 - 2000 2000-2010 2010-2017
Source of Publications Category Citations  Source of Publications  Category  Citations Source of Publications = Category Citations
Research Policy Article 125 Research Policy Article 882 Research Policy Article 2039
Technological
i 1 of
Cambridge ]ogrna © Article 61 Routledge Book 262 Forecasting and Social Article 517
Economics
Change
Oxford University Press Book 61 Industrlaé;:ﬁgiorporate Article 184 Energy Policy Article 441
Routledge Book 48 Regional Studies Article 175 Regional Studies Article 356
Pinter Publishers Book 42 Oxford University Press Book 165 Europg;rll dIi’ieSinnlng Article 265
Harvard Business . . . . .
. Article 18 Pinter Publishers Book 163 Technovation Article 264
Review
]ourna% of Economic Article 18 Technol(.)gy Analysis and Article 106 Technol(')gy Analysis and Article 242
Literature Strategic Management Strategic Management
The AITlerlca}’l Article 18 Energy Policy Article 105 Ll Copossats Article 205
Economic Review Change
European Planmng Article 17 Cambridge Jo'urnal of Article 102 Journal of C?leaner Article 188
Studies Economics Production
E Planni
Regional Studies Article 16 uropean tanning Article 85 Industry and Innovation Article 169

Studies

Keyword Co-occurrence

From the clustering analysis in Section 4.1, we attempt to
extract the high-frequency terms related to innovation systems,
thus helping to explain the key features of the different
innovation clusters. In doing so, we created an excel file of
the bibliographic information of the refined dataset. The
publication titles were query and grouped into the 7 clusters
identified in the previous subsection. We then extracted the
frequent terms from the abstract of publications corresponding
to the cluster group. This analysis is shown in Table 4 along
with the relevance score of each term used to describe the
innovation approaches. For example, the NIS is specific at
the country level and focuses on university as the driver of
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innovation potential along with firms and government.
At the regional level, innovative activities operate within
country borders but emphasis is on stimulating different
regions through the interaction of universities, firms and
policy infrastructure. Notably, in this cluster that also represents
international innovation system, not many terms were
extrapolated to define the system. The sparse research in the
sub-cluster is related to emerging research (from the late 2000s
onwards) on the globalisation of innovation and international
actors in the innovation process. Nevertheless, the textual
analysis was able to identified emerging innovation frame-
works not earlier mentioned in previous scientometric studies
on innovation systems. These include agricultural innovation
system, open innovation system, responsible innovation and
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Table 4: Salient features of the different innovation systems approaches based on textual analysis.

Cluster Name Doc.
(C 1) NIS 180
C2)RIS;
( ) 189
ISI
(C3) TIS;
130
Functions of IS
C4) SSI;
(C4) -
TC
(C 5) Dynamics of IS; o
Triple Helix
(C6) AIS 37
(C 7) Entrepreneurship; i

O], RT; Foresight

High-Frequency Terms (Relevance)

University (3.82), Firm (2.45), Government (2.15),

Innovation (0.98), Country (0.93), Industry (0.84),

Science (0.76), Economy (0.68), Technology (0.67),
Impact (0.33)

Country (1.52), Region (1.25), Industry (1.17),
University (1.11), Innovation (1.11), Firm (1.01),
Knowledge (0.86), Policy (0.79), Development (0.66),
Interaction (0.65)

Innovation (1.47), Network (1.43), Technology (1.25),
Diftusion (1.22), Interaction (1.20), Development
(1.01), Country (0.83), Process (0.82), Function
(0.81), Actor (0.80)

Intermediary (5.85), Role (2.93), Sector (1.68), Firm
(1.42), Research (0.85), Institution (0.81), Policy
(0.77), Development (0.67), Government (0.56), Actor
(0.49)

Design (6.34), System innovation (6.18),
Sustainability (5.28), University (1.05), Research
(0.81), Organisation (0.73), Dynamic (0.66), Actor
(0.55), Knowledge (0.48), Technology (0.34)

Adoption (4.17), Network (2.33), Farmer (2.04),
Intervention (1.76), Knowledge (1.64), Technology
(1.20), Innovation process (1.18), Actor (1.15),
Agricultural innovation (0.81), Country (0.61)

Foresight (5.29), University (3.89), Practice (2.05),
Sustainability (1.15), Open innovation (1.00),
Entrepreneur (0.96), Government (0.93), Firm (0.83),

Top Source Journals

RES POLICY (28), TECHNOL FORECAST SOC
(12), INT ] TECHNOL MANAGE (6), SCI PUBL
POLICY (5), EUR PLAN STUD (5)

EUR PLAN STUD (39), REG STUD (20), RES
POLICY (11), TECHNOL FORECAST SOC (9),
ENVIRON PLANN C (6)

TECHNOL FORECAST SOC (18), TECHNOL
ANAL STRATEG (14), RES POLICY (13), ENERG
POLICY (13), ENVIRON INNOV SOC TR (9)

RES POLICY (5), TECHNOL FORECAST SOC (5),
ASIAN ] TECHNOL INNO (5), IND INNOV (4),
ENERG POLICY (4)

INT ] TECHNOL MANAGE (5), TECHNOL
FORECAST SOC (5), TECHNOL ANAL STRATEG
(5), RES POLICY (4), ] CLEAN PROD (3)

AGR SYST (7), AGR HUM VALUES (3), RES
POLICY (2), IDS BULL-I DEV STUD (2),
OUTLOOK AGR (2)

TECHNOL FORECAST SOC (7), RES POLICY
(3), ENVIRON PLANN C (3), MINERVA (2), RES

Model (0.75), Research (0.66)

EVALUAT (2)

Note: Relevance of high-frequency terms are shown in brackets. The relevance score is determined based on the comparison of the overall distribution of co-occurrences
words with each frequent term. See!'® for the technique on selecting the most relevant terms.

innovation foresight. Clusters 5-7 and sub-clusters 2-3 in
Table 4 represent a break from the core terms of innovation
systems particularly system boundaries and scales. Emerging
frameworks recognised that innovation is collaborative and
with contemporary globalisation, domestic actors are trans-
formed into international actors thus creating bridging scales
across various innovation systems and stakeholders.

Additionally, we created a co-word occurrence map based on
author keywords as well as KeyWords Plus appearing at least
one (1) time in the sample database for the different periods.
This helps to highlight information about the core contents
of the publications and thus allows for monitoring past and
present areas of research. We standardised similar words by
eliminating redundancies, for example, absorptive capacity
and absorptive-capacity were listed under one heading;
resulting in a total of 2019 (out of 2108) keywords. As keywords
help in the discovery of new topics and evolution process of a
research domain,! ") we used a keyword co-occurrence network
map to link and highlight the change in keywords frequency
during the three periods. Figures 7-9 illustrates the clusters
of keywords relating to the field of innovation systems. Each
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node represents an author keyword (either their own or
KeyWords Plus) with the size of the node being proportional
to the number of co-occurrence with the sample database.
In 1990-2000, the keyword with the highest frequency of
occurrence was “technology,” which appeared 9 times,
followed by “policy” that appeared 8 times. In 2000-2010, the
themes continue to be the dominant research topics in the
field of innovation studies with the word “knowledge” occu-
pying second spot, while “network” and “dynamics” began to
appear. From 2010-2017, widespread attention was attracted
to emerging topics like “dynamics”, “framework” and
“performance.” This development illustrates that academic
communities began to focus on the functions and perfor-
mance of innovation systems, suggesting that the SI approach
is moving away from theories and process of innovation and
towards more heuristics tools.

CONCLUSION

Studies on innovation systems showed a noticeable increased
during the search period from 1990-2017, with more than
60 per cent of studies being published in the last seven years.
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Figure 7: Keywords co-occurrence network map for 1990 to 2000.
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Figure 8: Keywords co-occurrence network map for 2000 to 2010.

achied@ment

fuzzy set qualigative comparat
quadrple helix crogtia

national innovation system (ni

high-technology industry s
carefeeds
convergence iran addss

sam

capacity development

organizational innovation Intsgcation

csaevers gpeceiNNOVALioN po||cy

apglomeration g

program  blodking
 ethiopia ~
- geographmlun champions

St scigntes

cl

pipelines N8 atlcnallution
dehiberaty
locati

refonms united arabemirates.

parent firm locatigp

institution

s e
s%omplexlly biom

a i -~ ° edicalechnology
jecol "9 < indicators
@ 031 foresight
dependeny theory . o » technology foresight
g discoveryproblems
efficiency -
hina's reglongggnnovation sy

innovation system in china
M, VOSviewer

Figure 9: Keywords co-occurrence network map for 2010 to 2017.

The paper examines the theoretical origins and structure in
the field of innovation systems as this represents an important
domain of STS research for science policy researchers and
other newcomers. Using a rigorous systematic literature
process of highly cited articles, we uncovered seven clusters
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(national systems of innovation; regional innovation system
and international innovation systems; technological innovation
systems and systems function; technical change and sectoral
systems of innovation; triple helix model; agricultural inno-
vation system; and responsible innovation and foresight) of
innovation systems approaches and theories in mainstream
innovation studies. Most notably, the study identified emerging
innovation frameworks that have been missing from earlier
studies on the evolution and structure of the field, particularly,
open innovation, responsible innovation and innovation
foresight. This set the grounds for explaining the different SI
approaches with particular reference to the unit of analysis and
historical origins.

In terms of the structure and evolution of IS research, we
utilised scientometric approaches such as co-citation analysis
and keywords co-occurrence network map respectively.
We firstly map the impactful journals and influential authors
in the field of innovation systems as this reflects the relationships
of journals and distribution of publications over the search
period. The execution of co-citation analysis is commonly used
to evaluate a growing body of literature by analysing academic
papers to reveal the conceptual structure of the discipline.
Secondly, we performed a textual analysis of publication
abstracts to identify relevant terms associated with defining
the features and components of the different innovation system
clusters. We found that emerging frameworks are moving
away from theoretical aspects to more heuristic tools that
bridge innovation scales and system boundaries with relevant
terms focusing on sustainability, actors and knowledge networks.
We also combined similar keywords for standardisation
purposes and generated a keyword co-occurrence temporal
map. The keyword analysis helps to reveal what a topic deals
with, without consulting the full text in addition to providing
a thematic overview of the research.!”” Not surprising, “policy”,
“technology”, “knowledge”, “dynamics” and “networks” were
the top five research topics as these represent key components
of the SI approach. The findings of the study provide a better
understanding of the different innovation systems approaches
and research areas scholars are actively pursuing which can be
used to influence future studies, partnerships and publications.
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