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Abstract 
In this work, we analyze the academic landscape of innovation research and compare its 
trend with policy reform of the national innovation systems in Japan and the United 
States. We collected papers that included the word “innovation” in their title, abstract, 
and keywords, and then analyzed the structure of their citation network. We divided the 
citation network into clusters by clustering the network and found that the citation 
network of innovation research can be divided into three main clusters; with 
“technological innovation” as the central core together with “innovation fundamentals” 
and “innovation management,” they formed three layers. Historically, research on 
innovation started from innovation management, such as innovational organization 
research, but research in the other two cluster areas is currently more active. With this 
background, we prepared a historical overview of national innovation system policy in 
Japan and the United States. Finally, we compared the trend of global innovation 
research with that of the national innovation systems in Japan and the United States. 
 
I. Introduction 
 

Innovation, which is the process of bringing new products and services to 
market, is one of the most important topics not only in management research, but also in 
economics, policies, engineering, and so on. Researchers have viewed innovation both 
as a discrete product or outcome of a new idea, method or device and as a process of 
introducing something new. The common connotation on both is “newness,” and 
innovation means “something new.” Innovation is responsible for raising the quality and 
lowering the prices of products and services that have a substantial influence on the 
competitiveness of organizations and also on our daily lives. Innovation is the driver 



changing and improving our society, and therefore continuous stimulation and 
generation of innovation is still needed to solve the issues we face.  

Innovation is a broad topic, and a variety of disciplines such as engineering, 
business, management, economics, and sociology address various aspects of innovation, 
including technological innovation, business innovation, social innovation, and 
circumstances for incubating innovations. It is a highly interdisciplinary research topic, 
and research from a wide perspective is necessary to understand innovation and the 
innovation process. While there are a number of ongoing research issues regarding 
innovation, such as what innovation is and how innovation occurs, it seems to rely on 
knowledge and the application of knowledge to the real world because today’s economy 
relies on knowledge. This view is, in turn, also applicable to innovation itself. In other 
words, knowledge regarding innovation can be utilized to modify the innovation 
process and environment to generate innovation. 

In this paper, we discuss what innovation research is and how we can utilize the 
research output for reformation of national innovation systems (NIS). NIS is the set of 
institutions that contribute to the stimulation of development and diffusion of new 
technologies. The current state of innovation research is first introduced with the aid of 
citation network analysis, which is a computer-based approach to overview a research 
domain. Then, we present a overview of NIS in Japan and the United States. Finally, we 
discuss the interactions between academic research and NIS. 
 
II. Academic Landscape of Innovation Research 
 

First, we analyzed the global structure of innovation research. Fig. 1 shows the 
number of published papers for innovation research. The data was retrieved by Web of 
Science with the query of “innovation.” 42,444 papers were retrieved, and bibliographic 
records for them were collected. As shown in Fig. 1, the number of papers greatly 
increased after 1990. Currently, more than 3,000 papers are published each year about 
innovation. In order to analyze the detailed structure, we performed citation network 
analysis in which a network consisting of papers and citations among them are 
constructed. The network is then divided into clusters where papers are densely 
connected by citations from papers belonging to the same cluster by a topological 
clustering method. A clustered network is visualized in a manner that links, i.e., 
citations in the same cluster are visualized in the same color. A fast clustering algorithm 
developed by Newman [1] was used for clustering. A large graph layout (LGL) [2] was 
used for network visualization, which is based on a locally optimized spring layout 



algorithm. The analyzing process is illustrated in Fig. 2. The details of analysis are 
presented in an earlier paper [3], but in this paper, we performed data cleansing which 
was not used in the previous paper. After visualizing the network, peripheral clusters are 
excluded because they seem to be noisy data for analysis. These clusters are for 
time-series analysis, especially analysis on financial data. In these studies, data which 
does not obey the model formulated by historical data is regarded as innovation, which 
has the common connotation with “innovation,” i.e., something new. However, this data 
does not include the sense of changing the real world situation and society. Therefore, 
we excluded these papers. After eliminating such papers, 40,856 papers were obtained. 
We again analyzed these papers with clustering and visualization, and obtained final 
results. 
 

 

N
um

be
r o

f p
ap

er
s

Publication year

N
um

be
r o

f p
ap

er
s (

ac
cu

m
ul

at
ed

)

 
Fig. 1. Trend for published papers on innovation research. Dots indicate the number of 
papers published each year, and the line represents the accumulated number of papers. 
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Fig. 2. Schematic illustration of the analyzing process 

 
Fig. 3 shows the visualized result of our analysis. In the figure, we show the 

cluster number in the order of cluster size, average year of papers in the cluster after 
publication, and keywords discussed in the cluster. We can see three large clusters, and 
explanations of these clusters are surrounded by white rectangles in Fig. 3 These three 
clusters were recursively clustered. The results of recursive clustering are summarized 
in Table 1, where the characteristics of subclusters are shown. The largest cluster is 
Innovation Fundamentals (cluster #1), where regions, universities, and patents are key 
research topics. The second largest cluster is Technological Management (cluster #2), 
where technology, knowledge, and product development are the main research topics. 
Cluster #2 is the youngest of the three clusters. The third largest cluster is Innovative 
Organization (cluster #3), where adoption, market, leadership, and communication are 
the key concepts. Cluster #3 is the oldest of the three clusters. The other clusters are 
Diffusion of Innovation, Medical & Healthcare, Service Innovation and so on. Most of 
these minor clusters focus on innovation in a business sector. 
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Fig. 3. Academic landscape of innovation research 
 
 

Table 1. Key research topics of top 3 clusters and sub-clusters 

communication, implementation1996.3 249Communication3.4

leadership, individual, group, team, behavior19992 522Leadership3.3

customer, market orientation1998.1 540Market orientation3.2

organizational, adoption1998.0 776Organizational Innovation3.1

network, inter-organization2000.4 359Network2.4

product innovation, product development2001.5 664Product development2.3

knowledge, management, strategy2001.7 814Knowledge Management2.2

firm, industry, technology1999.9 889Industry and Technology2.1

growth, international trade, Schumpeterian2000.6 475Economic Growth1.4

patent, intellectual property right, antitrust2000.0 701Intellectual Property Right 1.3

public research, science, university, academia2000.5 741Academia-Industry Relations1.2

regional. local, network, geographic2000.61132Regional Innovation1.1

KeywordsYear#NodeCluster nameNo.

communication, implementation1996.3 249Communication3.4

leadership, individual, group, team, behavior19992 522Leadership3.3

customer, market orientation1998.1 540Market orientation3.2

organizational, adoption1998.0 776Organizational Innovation3.1

network, inter-organization2000.4 359Network2.4

product innovation, product development2001.5 664Product development2.3

knowledge, management, strategy2001.7 814Knowledge Management2.2

firm, industry, technology1999.9 889Industry and Technology2.1

growth, international trade, Schumpeterian2000.6 475Economic Growth1.4
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public research, science, university, academia2000.5 741Academia-Industry Relations1.2

regional. local, network, geographic2000.61132Regional Innovation1.1
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The largest cluster that we name Innovation Fundamentals focuses on 
environment stimulating innovation. The main journals where papers in cluster #1 are 
published include Research Policy, Regional Studies, Rand Journal of Economics and 
so on. This cluster seems to focus on Economics. The four subclusters of cluster #1 are 
regional innovation (#1.1), academia-industry relations (#1.2), intellectual property 
right (#1.3), and economic growth (#1.4). The research topics in the first three 
subclusters are related to innovation policy, while the fourth subcluster, economic 
growth, is an outcome of innovations. The average year of publication for these 
subclusters is later than 2000, and therefore we can say this research is emerging and 
currently under development. The fact that these subclusters belong to the same cluster 
imply that these research topics are interlinked and have an influence on each other. 
 The second largest cluster is Technological Management, whose subclusters 
include industry and technology (#2.1), knowledge management (#2.2), product 
development (#2.3), and network (#2.4). The core journals of this cluster are Research 
Policy, Strategic Management Journal, International Journal of Technology 
Management, Management Science, and Organization Science. It is clear that this 
cluster is based on Management studies. Various key concepts such as absorptive 
capacity, architectural innovation, dynamic capabilities, networks of learning, and 
knowledge management have been proposed by papers in this cluster. In essence, 
technological innovation aspects such as organizational capabilities of knowledge 
management or product development strategy are the core issues in this cluster. 
 The third largest cluster is Innovative Organization, which studies the design of 
an organization to create innovations. Papers in this cluster are published in journals 
relating to Management or Marketing. Examples of relevant journals are Journal of 
Product Innovation Management, IEEE Transactions on Engineering Management, 
R&D Management, and Industrial Marketing Management. Subclusters are 
organizational innovation (# 3.1), market orientation (#3.2), leadership (#3.3), and 
communication (#3.4). Scholars in this cluster discuss organizations creating innovation 
or adopting innovation, acceptance of innovation in the market by customers, creativity, 
leadership, teaming, and communication. 
 Above, we presented a brief overview of innovation research with the aid of 
computational a approach. We will now give a historical perspective of NIS in Japan 
and the United States. Following this, the relationships between innovation research and 
NIS will be discussed. 
 



III. Historical Perspective of NIS in Japan and the United States 
 

Fig. 4 gives a brief chronology of Japanese industrial policy. The focus of 
Japan’s NIS has shifted from organizations to technology and then to innovation 
fundamentals. During the 1950s, the government founded organizations that were 
responsible for science and engineering such as the Agency of Industrial Science and 
Technology and the Science and Technology Agency. After launching these 
organizations, it developed a framework based on the Research Association Act, the 
National Project System and so on to enable the organizations to work effectively.  

After the 1950s and 1960s when Japan’s NIS policy was launched, large-scale 
projects such as Super LSI, Sunshine, and Moonlight were started. These projects aimed 
not to deepen understanding of devices and the science underlying them but to develop 
industrial applications such as LSI and solar cells. In the 1980s, some Japanese products 
gained the highest global market share, and as a result, Japan experienced economic 
prosperity. But at the same time, Japan was criticized as a free rider on the fruitful 
outcome of basic science conducted by Western countries. Reflecting such criticism, 
Japanese industrial policy shifted from applied research to basic science. We can also 
observe this same trend in industry, where a number of firms established central 
research centers in this period.  

However, during the 1990s Japan experienced a serious recession during the 
entire decade. This long recession is called Japan’s “Lost Decade.” In the late 1990s, the 
government started to reconstruct the innovation system. Basic plans for science and 
technology were developed, and technology licensing organizations (TLOs) were 
established. This movement was influenced by U.S. policies for its innovation system 
such as a proactive patent policy as can be seen in the Bayh-Dole Act. In the early 2000s, 
national universities, public research institutes, and funding agencies such as NEDO 
were incorporated. More recently, initiatives such as the New Economic Growth 
Strategy and Innovation 25 have been promoted. 
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Fig. 4. Chronology of Japan’s national innovation system 

 
 
IV. Historical Perspective of NIS in the United States 
 

The national innovation system in the United States was founded during 
1945–1950 as demobilization for peace was replaced by Cold War rearmament [4]. The 
federal government played the role of a financial supporter, especially in defense-related 
technologies. During the late 1950s, defense-related spending accounted for as much as 
80% of federal R&D outlays. Defense-related R&D and procurement programs 
stimulated the development and commercialization of new civilian technologies in 
commercial aerospace, semiconductors, computers, and computer software. While R&D 
relied on funding by the Department of Defense, it included “dual-use” technologies 
based on the premise of the economic benefits of “spinoffs” from military to civilian 
technology applications. This focused investment continued until the 1980s. 

During the 1980s a significant change in technology policy initiatives was 
undertaken under Reagan and Bush, and significant departures from the postwar 
structure of federal science and technology policy began. Faced with more intense 
foreign competition, the enforcement of technological capabilities and competitiveness 
became the top priority. Competitiveness was aimed to be strengthened by subsidizing 
and promoting joint research, encouraging collaboration between U.S. universities and 
industry in technology development, and supporting collaboration between U.S. 



industry and federal laboratories. The Reagan administration also supported the 1984 
National Cooperative Research Act (NCRA), which reduced the antitrust penalties for 
collaboration among firms in pre-commercial research. The NCRA has been credited 
with facilitating the early growth and operation of the electronics and computer 
industries. The semiconductor research consortium SEMATECH is a good example of 
collaboration. These initiatives expanded the federal role in supporting high-technology 
sectors that were believed to be important to both economic competitiveness and 
national security. 

Other U.S. initiatives in technology policy during the Reagan and Bush 
administrations improved enforcement of intellectual property protection. First, the 
Bayh–Dole Act of 1980 permitted federal agencies to grant licenses to small businesses 
and nonprofit institutions, including universities, for patents based on research funded 
by federal agencies at federal and contractor-operated laboratories. Second, the Federal 
Technology Transfer Act of 1986 authorized federal laboratories to conduct cooperative 
research and development agreements with private firms. The U.S. government also 
pursued stronger international protection for intellectual property rights in the Uruguay 
Round trade negotiations and other bilateral venues. After various reports such as U.S. 
Competitiveness 2001 and Innovate America were published in the 2000s, the U.S. NIS 
evolved according to this direction. 
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・Bayh-Dole Act
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・National Cooperative Research Act
・SEMATECH
・Federal Technology Transfer Act

Technology

 
Fig. 5. Chronology of the national innovation system in the United States 

 
 
 
V. Academia-Policy Linkage in National Innovation System Policy Reformation 
 

In the above, we analyzed and illustrated the academic landscape of innovation 



research and NIS in Japan and the United States. Fig. 6 summarizes the trend and 
mutual interactions among academic innovation research, NIS in Japan, and NIS in the 
United States. The amount of academic innovation research sharply increased after the 
1990s as shown in Fig. 1, and it can be divided into three sub-categories as evidenced in 
Fig. 3. Before the 1990s, most research was on organizations. However, after the 1990s 
technology clusters and fundamental clusters co-evolved. 

During the 1950s and 1960s, NIS in both Japan and the United States focused 
on the organizational perspective. In the 1970s, Japan enforced technological 
capabilities by conducting national R&D projects, which led to competitiveness in later 
years. This shift of NIS in Japan had an impact on NIS in the United States, and it also 
shifted its focus of NIS from defense to the technological capability of industry, 
especially high-tech industries. But we must note that it was accompanied by 
strengthened collaboration promotion and intellectual property protection. These topics 
correspond to topics studied in the fundamental cluster of academic research, and it 
seems that U.S. NIS stimulated academic research in this area. Japan also adopted this 
fundamental perspective in its NIS, but there is a time lag even compared to the 
academic trend. 
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Fig. 6. Trend and mutual interactions among academic innovation research, NIS in 
Japan, and NIS in the United States 



 
VI. Conclusion 
 
 In this paper, we analyzed the academic landscape of innovation research, NIS 
in Japan and the United States, and compared trends. We found that the amount of 
innovation research greatly increased after the 1990s and that it changed its focus from 
organization to technology and then to fundamentals. We presented a brief history of 
NIS in both Japan and the United States, and confirmed that there are mutual 
interactions. The focus on enhancement of technological capability of industry by 
national projects in Japan affected U.S. policy, and programs related to collaboration 
promotion and intellectual property in U.S. NIS affected Japan’s NIS. The academic 
landscape of innovation research raises interesting implications. One is the time lag of 
Japanese innovation policy compared to the global academic trend. In Japan, innovation 
policy focused on the technological facet during the 1980s, and basic science was 
emphasized especially after criticism by Western countries. An institutional perspective 
such as debates on academia-industrial relations and patent policy was lacking, and 
TLOs did not appear until the end of the 1990s. But in academic research, technological 
and institutional perspectives co-developed from the early 1990s. This delay should be 
partly attributed to researchers of innovation research, but a network among academia 
and policymakers was also lacking in Japan, which was the hurdle to disseminate 
information from cutting-edge innovation research to them. There is no doubt that more 
research is necessary on innovation, but collaboration among policymakers, engineers, 
and academia is also essential not only to disseminate academic trends and apply the 
outcome of academic research to policy, but also to stimulate academic research that 
focuses on topics that policymakers and industry now face or will face in the future. 
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