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ABSTRACT

Purpose: The study aims to explore the dynamics of Sectoral Systems of Innovation 
(SSIs), emphasizing their role in linking innovation processes with sectoral dynamics. It 
investigates key contributors, thematic clusters, trends, and the interplay of institutions, 
technologies, and actors in fostering innovation across sectors.

Methodology/approach: A bibliometric analysis was conducted using data from the 
Web of Science database, focusing on 237 selected papers published between 2002 and 
2024. Citation analysis and network mapping were employed to assess productivity, im-
pact, and thematic interconnections. Tools like Bibexcel and VOSviewer were used to 
extract insights on authors, journals, institutions, and countries.

Findings: The research identifies significant trends in SSIs literature, with sustainabil-
ity transitions emerging as a critical focus area. Thematic clusters reveal strong academic 
interest in “Innovation and Sustainability” and “Sectoral Systems and Catch-Up Dy-
namics”. Key contributors, including leading authors, journals, and institutions, dem-
onstrate varied research strategies balancing productivity and impact. The study also 
highlights gaps in existing research, particularly in niche areas such as forestry innova-
tion systems.
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Originality/value: This study provides a  comprehensive bibliometric perspective on 
SSIs, bridging gaps in qualitative research, and offering actionable insights into innova-
tion systems’ evolution. It contributes to the understanding of policy frameworks and 
strategies that can drive innovation and sustainability transitions across diverse sectors.

Keywords: sectoral innovation systems, bibliometrics, citations analysis

1. INTRODUCTION

Over the past two decades, sectoral systems of innovation (SSIs) have attracted consider-
able attention from researchers and policy makers worldwide, resulting in an increasing 
number of academic publications. The rationale for this growth lies at the heart of the 
SSI approach, which encompasses a wide range of factors that influence innovation and 
production in the sector, and a dynamic, process-oriented perspective (Malerba, 2005).

The sectoral system of innovation and production (SSI) can be defined as a set of 
new and established products for specific uses, along with the set of agents engaged 
in market and non-market interactions for the creation, production, and sale of those 
products. The sectoral system is characterized by a knowledge base, technologies, in-
puts, and an existing, emergent, and potential demand. The agents that comprise the 
sectoral system are organizations and individuals (e.g., consumers, entrepreneurs, sci-
entists) (Malerba, 2002). The SSI approach provides a comprehensive framework for 
analyzing innovation across a range of sectors for both developed and developing coun-
tries (Malerba & Nelson, 2011), thereby highlighting the differences in innovation 
patterns and dynamics (Malerba, 2002; 2005). This methodology allows for an in-
vestigation of the international performance and competitiveness of firms and coun-
tries across a range of sectors (Malerba, 2018). By considering the co-evolutionary pro-
cesses within sectors, the SSI approach offers insights into sector-specific innovation 
processes, industry dynamics, and the transformation of sectoral boundaries over time 
(Malerba, 2005; 2014). Furthermore, the SSI allows for the precise identification of the 
factors that impede and enable innovation, thus enabling the formulation of more ef-
fective policies and strategies to advance innovative development (Diercks et al., 2019). 
These policies and strategies are tailored to align with the specific needs and attributes 
of individual sectors (Intarakumnerd & Gerdsri, 2014). Despite the growing awareness 
of the significance of theoretical discourse on SSIs, there is a notable absence of quali-
tative, bibliometrically oriented studies exclusively dedicated to SSIs. Existing studies 
tend to encompass broader domains, including innovation systems (Rakas & Hain, 
2019; Schlaile et al., 2017), national innovation systems (Sun & Grimes, 2015; Teixei-
ra, 2014), and regional perspective (Cruz & Teixeira, 2010; Doloreux & Gomez, 2017). 

The objective of this study is to identify the key contributors of SSIs research, in-
cluding trends in the number of publications, the most cited publications, thematic 
clusters, their productivity, impact and interconnections, the most eminent authors, 
journals, institutions and countries by productivity, and citation impact. The study 
also seeks to determine the gaps in the scientific research on the subject. To this end, 
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a bibliometric analysis was conducted, incorporating a citation analysis, utilizing the 
Web of Science database. The study is structured as follows: an introduction to the 
SSIs with its key characteristics and definitions; an overview of the methodology; and 
the results of the bibliometric analysis. The final section of the study presents the con-
clusions.

2. LITERATURE REVIEW

The concept of a sectoral system of innovation and production draws upon a range of 
relevant intellectual and theoretical traditions, including industry life cycle literature 
(Utterback, 1994; Klepper, 1996), the notion of development blocks introduced by 
Dahmén (1988), the innovation system approach (Lundvall, 1992) and evolutionary 
theory (Nelson & Winter, 1982). The SSI builds on the insights of other concepts, such 
as national systems of innovation (NSIs) (Lundvall, 1992). It extends the understanding 
of regional/local innovation systems (Cooke et al., 1997), and technological systems, in 
which the focus is on networks of agents for the generation, diffusion and utilization of 
specific technologies (Carlsson & Stankiewicz, 1991). 

The concept of a Sectoral System of Innovation (SSI) has been defined in various 
ways. The most widely cited and foundational definition of a sectoral system of inno-
vation (SSI) is that introduced by Malerba (2002): “An SSI is a set of products and the 
set of agents (individuals and organizations) that carry out market and non-market in-
teractions for the creation, production, and sale of those products. These systems en-
compass knowledge, technologies, inputs, and demand specific to the sector, as well 
as the institutions and policies that shape innovation within that sector”. This notion 
emphasizes the following core elements: knowledge and technologies, actors and net-
works, institutions, demand conditions, sectoral boundaries, and sectoral dynamics. 
Charles Edquist (2005) extends the concept by integrating systemic elements from na-
tional and regional innovation systems: “A sectoral innovation system includes all the 
major economic, social, political, organizational, and institutional factors that influ-
ence the development, diffusion, and use of innovations within a sector”. Key compo-
nents are knowledge flows, institutional frameworks, interactive learning, policy meas-
ures, and innovation processes.

The concept of technological regimes furnishes a framework for comprehending 
the technological milieu within which firms function (Malerba & Orsenigo, 1993). 
This environment exerts a  significant influence on the innovation processes, com-
petitive dynamics, and overall behavior of firms within a  sector. The technological 
regimes that characterize these environments are defined by the following character-
istics: (1) opportunities, defined as the potential for technological advancement and in-
novation within the sector; (2) appropriability, defined as the ability of firms to capture 
the economic benefits of their innovations; (3) cumulativeness, defined as the extent to 
which past technological developments influence future innovations; and (4) knowl-
edge base, defined as the nature of knowledge (tacit vs. codified) and the degree of spe-
cialization within the sector (Malerba & Orsenigo, 1997). 
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Frank Geels (2004) incorporates insights from the multi-level perspective (MLP) 
theory to explain sectoral transformations. He defines a sectoral system of innovation 
as a set of technologies, institutions, and user practices that evolve together, influenced 
by broader socio-technical regimes and landscapes. The key components of this sys-
tem are technological niches, socio-technical regimes, socio-technical landscapes, and 
co-evolutionary dynamics. While these definitions have some common elements, such 
as a focus on actors, networks, and institutions, they also highlight different aspects of 
sectoral systems. Malerba places emphasis on the comprehensive set of interactions and 
components that are intrinsic to a sector. In contrast, other scholars, such as Edquist 
and Geels, integrate a broader systemic and evolutionary perspective. 

3. METHODOLOGY

Bibliometric analysis uses a quantitative approach to describe, evaluate, and monitor 
published research (Small et al., 2014). Two key pillars of bibliometric analysis are per-
formance analysis and science mapping. The first assesses the quantitative metrics such 
as citation counts, impact factor, and average citations per year. The second reveals 
structural and relational aspects of citation patterns, including connectivity, influence, 
and knowledge flow within a network (Cobo et al., 2011). Our study employs a Cita-
tion Analysis (CA) to evaluate research impact and productivity at an individual (pub-
lications and authors), journal, institutional, and country level. We use a Citation Net-
work Analysis (CNA) to provide insights into the structure, dynamics, and influence of 
scientific literature within the SSIs. Thus, citations can be used to measure impact (van 
Raan, 2003), quantity, which measures productivity in terms of unites selected (e.g., the 
number of publications), and impact efficiency, which is defined as the quotient of the 
number of citations in relation to the number of publications (Leeuwen et al., 2003). 
The study draws upon 280 papers of research on SSIs published from 2002 to the end 
of 2024, retrieved from the Web of Science™ (WoS) Core Collection (CC). To identify 
papers in English relating to SSIs from Business Economics, we decided to search title, 
abstract, keyword plus, and author keywords. Hence, our query includes “sectoral in-
novation system*” (Topic) or “sectoral system of innovation*” (Topic) or “sectoral sys-
tems of innovation*” (Topic) or “sectoral system*” (Topic) and English (Languages) and 
Business Economics (Research Areas). In the subsequent stage, a selection of 237 pa-
pers was made on the basis of an in-depth analysis of titles, abstracts, and keywords, as 
well as shared references (minimum 1 reference), with the aim of identifying the most 
relevant and useful material. The process was carried out using Bibexcel (Persson et al., 
2009) and Microsoft Excel. We opted to use the VOS algorithm to perform the CNA 
analysis, and mapping was conducted using the VOSviewer software (van Eck & Walt-
man, 2009). 
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4. RESULTS

4.1. GENERAL PERSPECTIVE

We identified 237 papers that deal with SSIs, prepared by 485 authors and published 
in 86 sources. The authors represented 333 research institutions from 47 countries. Fig-
ure 1 illustrates the trends in research output over successive three-year publication in-
tervals, as measured by the Publication Count. The publication count increases steadily 
across the intervals, demonstrating a clear upward trend in research output over time. 
The R2 value of 0.95 indicates a very strong linear relationship between the publication 
intervals and the publication count. This suggests that the growth in research output is 
consistent and predictable over time. Between the 2004–2006 and 2007–2009 inter-
vals, there is a notable steep increase in publication count, indicating a period of acceler-
ated research activity or increased academic focus in the subject area. After 2016–2018, 
the rate of growth appears to slightly slow down, with the publication count stabiliz-
ing near 50. The trend line predicts continuous growth in publication count if the tra-
jectory persists, although the stabilization in recent intervals might indicate a potential 
shift in trends. 

Figure 1. 
Trends in publication count across successive intervals (2002–2024)

Figure 1.  
Trends in publication count across successive intervals (2002–2024) 

 
Source: Own elaboration based on Web of Science Core Collection. 
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Table 1  
Top 10 most cited publications 

Rank Document 2002–
2006 
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2011 
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2016 

2017–
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2022–
2024 TC 

1. From sectoral systems of innovation to socio-technical 
systems – Insights about dynamics and change from 
sociology and institutional theory (Geels, 2004) 13 173 456 918 465 2025 
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4.2. MOST CITED PUBLICATIONS

Table 2 offers a comprehensive overview of the top 10 most cited documents, providing 
valuable insights into their citation patterns. The ranking suggests that certain seminal 
works have gradually become more prominent over time. The most-cited document, 
Geels (2004), leads with 2,025 total citations, which demonstrates a sustained impact, 
particularly between 2017 and 2021 (918 citations). This suggests that it has an impor-
tant role to play in integrating socio-technical systems with institutional theory. Mark-
ard et al. (2012) is a close second with 2,012 citations, gaining traction especially from 
2012 onwards, which seems to reflect its relevance to the burgeoning field of sustaina-
bility transitions. Malerba (2002) and Bergek et al. (2008) also deserve a mention, rank-
ing third and fourth, and indicating consistent influence over the years, particularly in 
the earlier and middle periods, with 1,336 and 1,220 citations, respectively. It is notable 
that Markard & Truffer (2008) and Weber & Rohracher (2012) demonstrate a more 
moderate influence. 

Table 1 
Top 10 most cited publications

Rank Document 2002–
2006

2007–
2011

2012–
2016

2017–
2021

2022–
2024 TC

1.

From sectoral systems  
of innovation to socio-technical 

systems – Insights about 
dynamics and change from 
sociology and institutional 

theory 
(Geels, 2004)

13 173 456 918 465 2025

2.

Sustainability transitions:  
An emerging field of research 

and its prospects  
(Markard et al., 2012)

0 0 280 1065 667 2012

3.
Sectoral systems of innovation 

and production  
(Malerba, 2002)

56 235 374 478 193 1336

4.

Analyzing the functional 
dynamics of technological 

innovation systems: A scheme  
of analysis (Bergek et al., 2008)

0 67 315 537 301 1220
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Rank Document 2002–
2006

2007–
2011

2012–
2016

2017–
2021

2022–
2024 TC

5.

Technological innovation 
systems and the multi-level 

perspective: Towards  
an integrated framework 

(Markard & Truffer, 2008)

0 63 225 309 176 773

6.

Legitimizing research, 
technology and innovation 
policies for transformative 
change combining insights 
from innovation systems 

and multi-level perspective 
in a comprehensive ‘failures’ 

framework 
(Weber & Rohracher, 2012)

0 0 70 322 277 669

7.

The dynamics of transitions 
in socio-technical systems: 

A multi-level analysis of the 
transition pathway from 
horse-drawn carriages to 

automobiles (1860–1930) 
(Geels, 2005)

0 42 129 239 145 555

8.

Environmental Innovation 
and Sustainability Transitions  

in Regional Studies  
(Truffer & Coenen, 2012)

0 0 94 212 97 403

9.

Global Innovation Systems – 
A conceptual framework 

for innovation dynamics in 
transnational contexts 

(Binz et al., 2017a)

0 0 0 168 177 349

10.

Schumpeterian analysis 
of Economic Catch-up: 

Knowledge, Path-Creation,  
and the Middle-Income Trap 

(Lee, 2013)

0 0 53 181 101 335

Source: own elaboration based on Web of Science Core Collection.

Table 1 (continued)
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4.3.THEMATIC CLUSTERS

The analysis of thematic clusters reveals diverse research focuses and varying levels of 
productivity, total citations (TC), and citation impact per document (TC/Doc Count) 
(see Table 2). “Innovation and Sustainability” cluster is the most influential in terms 
of total citations and citation impact per document. Its high TC/Doc Count indicates 
that the publications in this cluster are highly impactful, addressing critical issues at the 
intersection of innovation and sustainability. This suggests strong relevance to global 
challenges like climate change and sustainable development, making it a central focus 
of scholarly attention. “Exploring Patterns and Challenges” cluster has the highest pro-
ductivity (document count) but a moderate citation impact per document. Its focus on 
understanding patterns and addressing challenges in various systems of innovation like-
ly attracts a wide range of contributions, but the relatively lower TC/Doc Count sug-
gests opportunities for enhancing the academic influence of individual studies. Secto-
ral “Systems and Catch-Up Dynamics” cluster highlights research on the dynamics of 
sectoral systems and the processes of technological and economic catch-up. While it is 
productive with a relatively high number of documents, its citation impact per docu-
ment is similar to that of “Exploring Patterns and Challenges”, suggesting compara-
ble levels of influence per publication. It reflects the ongoing interest in sector-specific 
innovation and latecomer economies. The fourth cluster “Dynamics, Challenges, and 
Evolution” focuses on the evolutionary dynamics and challenges within innovation sys-
tems. Its moderate document count and TC/Doc Count suggest a niche but impactful 
research area. “Global Trends and Emerging Frameworks” cluster explores global inno-
vation trends and the development of new frameworks. While its productivity is moder-
ate, its lower TC/Doc Count indicates that its individual publications have had less aca-
demic impact. The last cluster concerning “Innovation in the Forestry Sector: Systems, 
Policies, and Global Networks” focuses on innovation in the forestry sector. Although it 
has the lowest productivity and total citations, its relatively high TC/Doc Count dem-
onstrates significant impact for its small number of studies. This reflects the niche im-
portance of forestry innovation systems, policies, and networks in academia. 

Table 2 
Thematic clusters by productivity and citation impact

Cluster Name TC Doc Count TC/Doc Count

Exploring Patterns and Challenges 2302 61 37,7

Sectoral Systems and Catch-Up Dynamics 2094 56 37,4

Innovation and Sustainability 10394 54 192,5

Global Trends and Emerging Frameworks 1000 32 31,3

Dynamics, Challenges, and Evolution 1240 31 40
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Cluster Name TC Doc Count TC/Doc Count

Innovation in the Forestry Sector: Systems,  
Policies, and Global Networks 194 4 48,5

Source: own elaboration, TC – Total Citations; Doc Count – the number of documents.

Figure 2 shows a thematic cluster map based on citation analysis. The map visually 
represents how research topics are interconnected and the impact of various research 
themes. Clusters closer to one another share more conceptual overlap, while distant 
clusters represent distinct areas of research. Clusters are labeled based on the dominant 
theme, derived from keywords, titles, or abstract analysis of the documents within the 
cluster. In the subsequent stage, each identified cluster will be presented in depth.

Figure 2
The network of thematic clusters based on citation analysis

Figure 1 
The network of thematic clusters based on citation analysis 

 

Source: own elaboration based on WoS & VosViewer. 

Exploring Patterns and Challenges 
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institutions, technologies, and actors within specific industries. Malerba (2002) introduces this 

concept as a means to link innovation processes with production dynamics, while McKelvey 

et al. (2003) emphasize the importance of co-location for fostering knowledge collaboration in 

industries like Swedish biotechnology. Fukugawa (2018) and Intarakumnerd & Chaoroenporn 

(2013b) extend the discussion by analyzing the role of intermediaries and policies in shaping 

sectoral systems in emerging economies. Case studies from Thailand’s automotive sector 

(Intarakumnerd & Gerdsri, 2014) and Turkey’s machinery industry (Tuncel & Polat, 2016) 

highlight the role of innovation policy and management in driving technological change. The 

globalized nature of innovation systems is evident in studies on healthcare services (Savory & 

Fortune, 2014), agriculture (Thitinunsomboon et al., 2008), and electric power industries 

(Turovets et al., 2021). Wangwe et al. (2022) underscore the significance of dynamic 

industrial deepening in health-related sectors in Tanzania, whereas Andrews-Speed et al. 

(2022) identify critical deficiencies in China’s coal-bed methane innovation systems 

compared to the US At the intersection of digitalization and innovation, researchers like 

Proksch et al. (2019) and Kim & Flanagan (2024) explore challenges in the healthcare sector 

Source: own elaboration based on WoS & VosViewer.

EXPLORING PATTERNS AND CHALLENGES

Sectoral systems of innovation (SSIs) offer a framework for understanding the interplay 
of institutions, technologies, and actors within specific industries. Malerba (2002) in-
troduces this concept as a means to link innovation processes with production dynam-
ics, while McKelvey et al. (2003) emphasize the importance of co-location for fostering 

Table 2 (continued)
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knowledge collaboration in industries like Swedish biotechnology. Fukugawa (2018) 
and Intarakumnerd & Chaoroenporn (2013b) extend the discussion by analyzing the 
role of intermediaries and policies in shaping sectoral systems in emerging economies. 
Case studies from Thailand’s automotive sector (Intarakumnerd & Gerdsri, 2014) and 
Turkey’s machinery industry (Tuncel & Polat, 2016) highlight the role of innovation 
policy and management in driving technological change. The globalized nature of inno-
vation systems is evident in studies on healthcare services (Savory & Fortune, 2014), ag-
riculture (Thitinunsomboon et al., 2008), and electric power industries (Turovets et al., 
2021). Wangwe et al. (2022) underscore the significance of dynamic industrial deepen-
ing in health-related sectors in Tanzania, whereas Andrews-Speed et al. (2022) identify 
critical deficiencies in China’s coal-bed methane innovation systems compared to the 
US At the intersection of digitalization and innovation, researchers like Proksch et al. 
(2019) and Kim & Flanagan (2024) explore challenges in the healthcare sector and ma-
chine learning in broadcasting, respectively. Emerging themes in global innovation sys-
tems include green digitalization (Turovets et al., 2021), sustainability transitions (De-
bref, 2012), and circular economy practices in Africa (Andersen et al., 2022). 

SECTORAL SYSTEMS AND CATCH-UP DYNAMICS

Sectoral systems of innovation provide a critical lens for understanding how industries 
evolve and how firms and nations navigate challenges to achieve technological and eco-
nomic leadership. Lee & Malerba (2017) explore the cycles of industrial leadership, 
identifying “windows of opportunity” and strategic responses by firms and countries 
to evolve within sectoral systems. Binz et al. (2017) furthers this discussion with in-
sights into technology-sensitive catching-up policies in renewable energy, using Chi-
na as a case study. The complexity of catch-up processes is evident in studies such as 
Lee (2019a), which identifies barriers, detours, and leapfrogging in innovation systems. 
Similarly, Li et al. (2019) presents a history-friendly model of China’s mobile commu-
nications industry, emphasizing how institutional and market dynamics play critical 
roles. Figueiredo et al. (2020) focus on interactive learning in multinational subsidiar-
ies, highlighting how local innovation capabilities are built through micro-level inter-
actions. The role of policy and systems-level planning is underscored by Landini et al. 
(2020), who advocates for demand-led catch-up strategies in the global green economy, 
and by Rikap (2022), who examines the State Grid Corporation of China’s use of na-
tional innovation systems to achieve intellectual monopoly. Capone et al. (2021) adds 
to this discourse by analyzing how Chinese firms in the mobile phone sector leverage 
entry strategies to address catch-up challenges. Sectoral systems are not only about tech-
nological leapfrogging but also about adapting to global shifts. Bowman & Chisoro 
(2024) emphasize inclusive development in agro-industrial systems in South Africa, 
while Xiong et al. (2022) discuss the development of China’s energy-saving electric ve-
hicle industry. Zhou et al. (2020) identify green windows of opportunity in the hydro-
power sector, showing how sustainability goals intersect with latecomer development. 
The interplay of knowledge-intensive entrepreneurship and sectoral innovation systems 
is highlighted in works such as Malerba & McKelvey (2019), which explores innovative 
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entrepreneurship, and Fontana et  al. (2015), which classifies entrepreneurship across 
sectoral systems.

INNOVATION AND SUSTAINABILITY

The study of sectoral and socio-technical systems provides a framework for understand-
ing how industries and societies evolve through innovation, adaptability, and sustain-
ability. Geels (2005; 2006) provides foundational analyses of transition pathways, ex-
ploring the multi-level dynamics in socio-technical transitions such as the shift from 
horse-drawn carriages to automobiles and the transformation of aviation from propeller 
to turbojet systems. These studies emphasize the importance of co-evolutionary process-
es and multi-level perspectives in guiding technological transitions. The role of energy 
transitions is further examined by Kern & Markard (2016) and Rogge & Hoffmann 
(2010), who assess policy impacts on energy systems, while Markard & Truffer (2008) 
integrates the multi-level perspective with technological innovation systems to offer 
a cohesive framework for understanding sustainability transitions. The exploration of 
global innovation systems by Binz & Truffer (2017) and the identification of transform-
ative innovation policies by Diercks et al. (2019) highlight the importance of aligning 
local and global innovation goals. Sectoral systems of innovation provide insights into 
specific industries, as shown by Stephan et al. (2017) in the lithium-ion battery sector 
in Japan, and Grimm & Walz (2024), who explore the interplay of the automotive and 
ICT sectors in autonomous driving. These sector-specific studies illustrate how tech-
nological innovation relies on inter-sectoral learning, as Malhotra et al. (2019) demon-
strate in the context of clean energy technologies. The socio-political environment also 
plays a pivotal role in shaping innovation systems. Aguiar-Hernandez & Breetz (2024) 
investigates the adverse effects of political instability on renewable energy in Mexico, 
while Magnusson & Berggren (2018) address sustainability transitions and the strate-
gies of actors in hydrogen vehicle systems. By bridging sectoral systems, socio-technical 
perspectives, and global innovation frameworks, these studies provide a comprehensive 
roadmap for navigating the challenges of the 21st century.

GLOBAL TRENDS AND EMERGING FRAMEWORKS

The study of sectoral systems of innovation offers a nuanced understanding of how in-
dustries evolve by linking innovation to knowledge bases, structural changes, and sec-
toral dynamics. Malerba (2005) provides a foundational framework for understanding 
this connection, which has been expanded upon by later studies. Gallouj et al. (2015) 
investigates the service economy’s future in Europe, utilizing foresight analysis to ex-
plore evolutionary changes. Similarly, Saritas & Nugroho (2012) employs scenario-
based approaches to map out issues and envision futures, adding to the growing under-
standing of innovation pathways. Specific sectoral insights, such as those into oil and gas 
(Engen et al., 2018) and crude oil refining in India (Iyer, 2016), emphasize the role of 
entrepreneurs and sector-specific dynamics. Meanwhile, Van Rooij et al. (2008) exam-
ine how national systems facilitate international knowledge flows, as seen in the Neth-
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erlands. Agriculture and biogas systems also come under scrutiny. Berthe et al. (2022) 
highlights the diversity within agricultural biogas plants in France, while Damioli et al. 
(2021) questions how open policies affect growth across EU countries and sectors. Re-
gional contexts further influence innovation systems. Smith & Romeo (2016) explore 
biotech development in Oxfordshire, and Kang & Choung (2023) analyze how insti-
tutional transitions in Korea shape innovation outcomes. The role of industrial policy 
is underscored by Hegerty & Weresa (2023), who study the medical sector in Central 
Europe, and Álvarez Scanniello & Menéndez (2024), who analyze productivity growth 
in agricultural systems across multiple countries.

DYNAMICS, CHALLENGES, AND EVOLUTION ACROSS INDUSTRIES

The study of sectoral innovation systems offers a  lens to understand how industries 
evolve and adapt within national and regional frameworks. Chung (2002) highlights 
the importance of building national innovation systems through regional frameworks, 
emphasizing the layered and interconnected nature of these systems, as further explored 
by Meuer et al. (2015). The ability to manage stakeholder knowledge effectively in in-
novation systems is critical, especially in the face of global challenges like climate change 
(Nikas et  al., 2017). In specific contexts, industrial users play a pivotal role in driv-
ing innovation within sectoral systems, as demonstrated by Adams et al. (2013) in the 
semiconductor industry. Historical cases, such as technological transitions in Dutch 
greenhouse horticulture (Berkers & Geels, 2011), reveal how stepwise reconfiguration 
drives innovation. However, complexity and path dependence often characterize these 
systems, particularly in high-tech sectors like biotechnology (Niosi, 2011b). Regional 
comparisons and cross-sectoral studies shed light on innovation patterns. For example, 
Patana et al. (2012) compare life science innovation systems in Finland and the San 
Francisco Bay Area, while Teh & Roos (2015) analyze regional innovation in South Aus-
tralia through patent systems. Cusmano et al. (2010) take a different approach, examin-
ing trajectories of technological catch-up in the wine sectors of Chile, Italy, and South 
Africa. Sector-specific innovation challenges are explored in various industries. Kristins-
son & Rao (2008) evaluate how technology transfer enables catch-up in renewable en-
ergy sectors such as wind energy in Denmark and India. Similarly, Kim & Lee (2008) 
examine technological catch-up in Korea’s capital goods industry. 

INNOVATION IN THE FORESTRY SECTOR: SYSTEMS, POLICIES, AND GLOBAL 
NETWORKS

Innovation in the forestry sector is a critical area of study, focusing on how systems and 
policies can support advancements in a  traditionally resource-based industry. Ramet-
steiner & Weiss (2006) highlight the importance of linking innovation processes with 
systems models, offering a comprehensive framework for understanding how structured 
approaches can drive innovation in forestry. Building on this foundation, Kubeczko 
et al. (2006) emphasize the interconnectedness of regional policies and sectoral strat-
egies, illustrating how local dynamics can foster broader innovation outcomes. In the 
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context of the Czech Republic, Jarský (2015) raises important questions about the in-
stitutional and structural barriers that may impede the development of effective inno-
vation systems in specific national contexts. On a global scale, Aboal et al. (2018) in-
vestigates the role of international collaboration and corporate strategies in fostering 
innovation, showcasing how knowledge transfer across borders can address sector-spe-
cific challenges.

MOST EMINENT AUTHORS

The analysis of the top 10 authors (see Table 3) provides insights into their academic 
productivity and influence, based on the number of documents published, total cita-
tions (TC), and citation impact per document (TC/Doc Count). Jochen Markard dem-
onstrates an outstanding citation impact, indicating that his limited number of publi-
cations has made a significant impact on the academic community. Bernhard Truffer 
has the highest total citations among the authors, with an impressive citation impact 
per document, reflecting the broad influence of his research. Matthias Weber combines 
a decent number of publications with a high citation impact, showcasing strong recog-
nition of his work. Roberta Rabellotti’s work has consistent recognition, as reflected in 
her citation impact, although her total citation count is comparatively lower. Franco 
Malerba stands out for his productivity, leading in document count, though his citation 
impact per publication is moderate compared to others on the list. Keun Lee is highly 
productive, contributing a significant number of documents with a steady citation im-
pact. Kumiko Miyazaki maintains consistent citation recognition across her publica-
tions, with a moderate citation impact. 

Table 3 
Top 10 authors by productivity and citation impact

Rank Name of the Author TC Doc Count TC/Doc Count

1 Markard, Jochen 2841 3 947,0

2 Truffer, Bernhard 3537 4 884,3

3 Weber, Matthias 868 4 217,0

4 Rabellotti, Roberta 213 3 71,0

5 Malerba, Franco 950 14 67,9

6 Lee, Keun 631 11 57,4

7 Miyazaki, Kumiko 137 4 34,3

8 Li, Daitian 91 5 18,2

9 Niosi, Jorge 43 3 14,3
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Rank Name of the Author TC Doc Count TC/Doc Count

10 Intarakumnerd, Patarapong 48 4 12,0

TC – Total Citations; Doc Count – Number of Documents

Source: own elaboration based on Web of Science Core Collection.

4.5. MOST INFLUENTIAL JOURNALS

The superiority of Research Policy in terms of productivity and impact is manifest in its 
attainment of the highest ranking, with its TC per article (TC/Doc Count) and arti-
cle count (TC) demonstrating exceptional productivity, indicating a high impact of ci-
tations per publication. The category of journals with high impact factor and moder-
ate productivity includes Technovation, and Technological Forecasting and Social Change, 
which has the highest Impact Factor on the list, and the number of papers shows high 
productivity. The group of journals with moderate citation productivity includes Tech-
nology Analysis & Strategic Management, Economics of Innovation and New Technology. 
The Energy and Environmental Focus Journals group consists of Energy Policy repre-
senting a solid performance with moderate productivity, Forest Policy and Economics and 
Energy Policy. The final group includes journals with a lower TC/Doc Count, but with 
notable contributions such as Industrial and Corporate Change and Journal of Evolution-
ary Economics.

Table 4 
Top 10 journals by productivity and citation impact

Rank Name of Journal
IF

(2023)
PHEJL
(2024)

Doc 
Count TC TC/Doc 

Count

1 Research Policy 7,5 200 35 10801 308,6

2 Technovation 11,1 140 6 470 78,3

3 Technology Analysis  
& Strategic Management 2,9 70 10 714 71,4

4 Economics of Innovation 
and New Technology 3,2 70 4 257 64,3

Table 3 (continued)
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Rank Name of Journal
IF

(2023)
PHEJL
(2024)

Doc 
Count TC TC/Doc 

Count

5 Energy Policy 9,3 140 9 463 51,4

6 Forest Policy and 
Economics 4,0 100 4 194 48,5

7 Technological Forecasting 
and Social Change 12,9 140 25 1170 46,8

8 Industry and Innovation 3,4 100 9 380 42,2

9 Journal of Evolutionary 
Economics 1,3 70 4 145 36,3

10 Industrial and Corporate 
Change 2,8 140 19 564 29,7

IF – Impact Factor; PHEJL – Polish Higher Education Journals List

Source: own elaboration based on Web of Science Core Collection.

4.6. MOST INFLUENTIAL INSTITUTIONS

Eindhoven University of Technology (Netherlands) is the clear leader in citation impact 
(TC/Doc Count), indicating that its publications are highly influential and frequently 
cited. It sets a benchmark for research quality and impact. Lund University (Sweden) 
demonstrates high-quality research with a significant citation impact, despite its mod-
erate document count. On the other side, Bocconi University leads in productivity but 
has a relatively lower citation impact compared to Eindhoven and Lund. This suggests 
a broader publication strategy but lower average influence per paper. Utrecht University 
exhibits moderate productivity and citation impact, positioning itself as a solid contribu-
tor to the field. In contrast, Swiss Federal Institute of Technology (Switzerland) has a rel-
atively low document count but still manages to maintain a decent citation impact per 
document. Moderate productivity with lower citation impact represents Seoul National 
University (South Korea) and European Commission. Institutions with Niche Contri-
butions include University of Sussex (Great Britain), University of Pavia (Italy), and Aal-
borg University (Denmark), the productivity and citation impact of which are the lowest 
among the top 10, but their inclusion highlights consistent contributions to the academ-
ic field. Table 5 includes Top 10 institutions by productivity and citation impact.

Table 4 (continued)
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Table 5
Top 10 institutions by productivity and citation impact

Rank Name of Organization Doc Count TC TC/Doc Count

1 Eindhoven University of Technology 
(Netherlands) 11 5277 479,7

2 Lund University (Sweden) 7 2134 304,9

3 Bocconi University (Italy) 17 2293 134,9

4 Utrecht University (Netherlands) 8 703 87,9

5 Swiss Federal Institute of Technology  
(Swiss) 4 272 68,0

6 Seoul National University 
(South Korea) 12 677 56,4

7 European Commission 5 274 54,8

8 University of Sussex (Great Britain) 4 186 46,5

9 University of Pavia (Italy) 4 169 42,3

10 Aalborg University (Denmark) 5 180 36,0

TC – Total Citations; Doc Count – Number of Documents

Source: own elaboration based on Web of Science Core Collection.

4.7. MOST INFLUENTIAL COUNTRIES

Switzerland has been found to demonstrate a high level of influence and wide citation 
of its publications, despite a relatively modest number of documents. The Netherlands 
combines high productivity with significant citation impact, reflecting its prominence 
in the global research community. Sweden achieves a strong balance between productiv-
ity and citation impact, showcasing its quality-focused research output. The cluster of 
moderate citation impact countries includes Austria, which has a selective publication 
approach, Italy, which focuses on a high volume of publications but has a comparatively 
lower citation impact, suggesting broader but less concentrated influence, and the USA, 
which exhibits strong productivity with moderate citation impact, indicating its diversi-
fied research contributions. The lowest citation impact concerns Norway, Spain, France, 
and Denmark which has also the lowest citation impact among the top 10, suggesting 
limited influence relative to its document count. Table 5 shows Top 10 countries by pro-
ductivity and citation impact.
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Table 6
Top 10 countries by productivity and citation impact

Rank Name of Country Doc Count TC TC/Doc Count

1 Switzerland 13 4115 316,5

2 Netherlands 27 6185 229,1

3 Sweden 13 2379 183,0

4 Austria 8 1161 145,1

5 Italy 32 3096 96,8

6 Usa 21 1809 86,1

7 Norway 7 572 81,7

8 Spain 14 818 58,4

9 France 18 1011 56,2

10 Denmark 13 606 46,6

Source: own elaboration based on Web of Science Core Collection.

5. CONCLUSIONS

Our analysis reveals that the present interest among researchers and policymakers in 
SSIs is driven by the need to understand how innovation is influenced by the interplay 
of knowledge, technologies, actors, networks, and institutions within specific sectors. 
However, the analysis of the most cited publications suggests that there has been a dy-
namic evolution of citation patterns, indicating a potential shift in research priorities 
and the consolidation of sustainability transitions as a critical research field. “Innova-
tion and Sustainability” cluster appears to play a central role as a hub of research that is 
connected to various other topics, which indicates the foundational applicable nature of 
the theme. Overall, this body of research demonstrates the complex interplay between 
technological innovation, institutional dynamics, and policy frameworks in fostering 
sustainable development. In contrast, “Innovation in the Forestry Sector” cluster ap-
pears on the periphery, reflecting its niche focus. The most interconnected themes are 
“Sectoral Systems and Catch-Up Dynamics” and “Exploring Patterns and Challenges” 
clusters, which have strong connections as they address overlapping topics related to in-
novation systems and economic development. The first underscores the importance of 
aligning national innovation policies, firm-level strategies, and global market dynamics 
to address the multifaceted challenges of sectoral innovation and economic catch-up, 
whereas the other one emphasizes the importance of adaptive strategies, collaborative 
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networks, and tailored policies in fostering innovation and overcoming structural chal-
lenges across industries. On the other side, “Global Trends and Emerging Frameworks” 
cluster highlights interdisciplinary approaches, thus offering opportunities to pioneer 
research in emerging fields. Furthermore, it demonstrates the interplay of policy, tech-
nology, and sector-specific dynamics, featuring the importance of tailored strategies to 
drive innovation across diverse systems. Jochen Markard and Bernhard Truffer lead in 
terms of citation impact per document, highlighting the significant influence of their re-
search despite moderate productivity. On the other side, Franco Malerba and Keun Lee 
excel in the volume of publications, though their citation impact per document is mod-
erate. Research Policy stands out as the most influential journal in terms of both pro-
ductivity and impact. Journals such as Technovation and Technological Forecasting dem-
onstrate a high level of influence, but lower level of productivity compared to Research 
Policy. Journals that focus on specific sectors, such as Energy Policy and Forest Policy, tend 
to exhibit moderate productivity and consistent citation impact. Eindhoven University 
of Technology is the standout institution, combining moderate productivity with excep-
tional citation impact. Lund University also performs impressively in terms of influence. 
Institutions such as Bocconi and Seoul National University prioritize quantity, while 
others, like Utrecht and the Swiss Federal Institute of Technology, focus on high-quality 
contributions. Overall, this analysis highlights varying strategies in academic research 
and the impact among leading institutions. Switzerland, the Netherlands, and Sweden 
emerge as leaders in citation impact, with Switzerland demonstrating exceptional influ-
ence. Italy and the USA dominate in productivity but require a stronger focus on cita-
tion efficiency to enhance their impact. Meanwhile, Austria showcases quality-driven 
research with high per-document influence despite lower output. Altogether, this analy-
sis illustrates the different strategies adopted by countries to balance productivity and 
impact in academic research.
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