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ABSTRACT
This study examines the influence of standardization in scientific technology research. For this purpose, we use
the knowledge structure modeled by academic papers, patent filings, and standardization, and a clustering
analysis for the research method. As the research subject, we studied image-digitizing technology de jure
standard that is used to encode and decode the transmission of audio and video. The technology is widely
analyzed by artificial intelligence technologies such as machine learning. Our study contributes in several ways.
First, it provides a new knowledge structure consisting of (1) patents, (2) academic papers, and (3)
standardization. Second, it determines whether (1) standardization has the influence to change the relationship
between academic papers and patents in terms of a science linkage specifically relating to standardized
technology and whether (2) standardization influences the academic productivity of researchers in the
technology field.
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1. INTRODUCTION
In this study, we examine the influence of an image-digitizing technology (MPEG 1) that is increasingly
analyzed using artificial intelligence-related technology. MPEG is one of the most influential
standardized technologies in today’s digital society. It is widely used for encoding and decoding audio
and moving images. In this study, we analyze the influence of standardization on the science linkage
of MPEG.
Historically, MPEG has been standardized and developed under section JTC1/SC29 of the
International Organization for Standardization (ISO) and the International Electrotechnical
Commission (IEC) through the initiative of East Asian researchers led by Professor Emeritus Hiroshi
Yasuda 2 of The University of Tokyo (formerly the director of the Nippon Telegraph and Telephone
Corporation (NTT) R&D center) (Yasuda, 1989). We can observe the influence of standardization on
these technologies because the ISO and the IEC have issued international standards in relation to these
technologies (Yasuda, 1989). In addition, these technologies are widely analyzed in relation to image
recognition by artificial intelligence technologies (Albusac, Castro-Schez, Lopez-Lopez, Vallejo, and
Jimenez-Linares, 2009; Amato, Savino, and Magionami, 2008; Fernández, Kalva, Cuenca, and
Orozco-Barbosa, 2007; Fernández-Escribano, Kalva, Cuenca, and Orozco-Barbosa, 2006). Such
artificial intelligence-related technologies are now becoming a prime R&D target. They even include
such technologies as AlphaGo, developed by Google DeepMind, which was the first computerized Go
program to defeat a human player (Silver et al., 2016). In future, these technologies will result in social
and organizational transformation (Colbert, Yee, and George, 2016; Felten, 2016). Accordingly, this
transformation will become a key social and management issue. In summary, MPEG is a viable
technology that warrants detailed examination from the social and management perspective.
We examine the exploration and exploitation of MPEG technology using bibliographic
information. In this study, the concept of a vertical integration of exploration and exploitation strategies
is explained. We examine a practical case and model of the vertical integration between exploration
and exploitation. We also show how this strategy can enable new technological research and how
organizations can use their newly discovered knowledge.
The balance between exploration and exploitation has been considered important by scholars
since the early 1990s (March, 1991). Prior research has focused on the presumption of a horizontal
integrated relationship between exploration and exploitation (He and Wong, 2004) rather than a vertical
integrated relationship. This means that it is not necessarily empirically true in the current ICT
environment that vertical exploration and exploitation strategies are theoretically more difficult than
horizontal exploration or exploitation strategies. Prior research has focused on factors other than ICT
(Enkel, Heil, Hengstler, and Wirth, 2016). This is the empirical research outcome of this study to the
theoretical academic discussion. In summary, it is essential that scholars examine ways to implement
the exploration and exploitation strategy rather than merely theorizing it.
To examine these issues, we address the following questions: “Does standardization affect science
linkage?” and “What are the implications for society and organizational management?” For this
purpose, using large data analysis with computation (i.e., bibliographic clustering of citation networks
(BCCN)) for patents, academic papers, and standards relating to MPEG, we, to the best of our
knowledge, first empirically examine the influence of standardization on science linkage. As a result,
in a specific technology such as artificial intelligence-related imaging technology (i.e., MPEG),
1 MPEG is the name of the standardized technology in the International Organization for Standardization (ISO) and the
International Electrotechnical Commission (IEC) (Yasuda, 1989). MPEG is an abbreviation of Motion Picture Expert
Group, which was the expert group involved in the preparation of the technology standard. Later, the expert group name
was adopted as the name of the standardized technology. Hence, we use MPEG to mean the technology in this study. This
technology is used to encode, decode, and subsequently convey video and audio files. Today, MPEG is widely used to
deliver videos over the Internet.
2
In 1996, he won an Engineering Emmy Award (US) from the Television Academy for his contributions.
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standardization has an effect on science linkage and can change the knowledge flow between academic
papers and patents. Further, this information can be used to exploit knowledge in pursuit of an R&D
strategy. In summary, we identify 1) a promising R&D region (which corresponds to exploration), and
2) a way to use this R&D region (which corresponds to exploitation of newly obtained knowledge).
We also analyze the results in an organizational management context.
The bibliographic clustering method is now widely used to study knowledge flow and the search
for knowledge (Leydesdorff, 1995). Related research is accumulating as a result of the rapid
development of ICT and bibliographic data infrastructure (Shibata, Kajikawa, Takeda, and Matsushima,
2008; Tashiro, Tashiro, Iwami, and Sakata, 2013). The main research subject is
the relationship between patents and academic papers. Scholars call this knowledge flow “science
linkage.” Academic papers are the important result of scientific research, and are the source of new
technology that is applicable to industry (Cohen, Nelson, and Walsh, 2002; Looy, Zimmermann,
Veugelers, Verbeek, Mello, and Debackere, 2003), although scholars have not considered
standardization to be an important factor in innovation for a long time now. Hence, they have not
applied the bibliographic clustering method to the analysis of standardization, nor have they discussed
the influence of standardization on knowledge accumulation. One reason for this is that there are no
stylized data on standardization. Nevertheless, more recently, empirical analyses targeting the
relationship among patents, research papers, and standards has begun to appear. According to recent
studies, standardization has both positive and negative influences on the production of patents and
academic papers in the basic research stage (Blind and Gauch, 2009; Zi and Blind, 2015). In this study,
we aim to validate these findings.
Further, we use bibliographic analysis to observe organizational management issues. To our
knowledge, this method is commonly used to examine science linkage itself, rather than to observe
management issues. Giving consideration to organizational economics (Milgrom and Roberts, 1992),
we use BCCN to analyze the multidimensional task problem (Holmstrom and Milgrom, 1991). Using
this approach, we aim to connect bibliographic analysis with the relevant economic theories.
We find novel evidence of the influence of standardization on today’s society and management.
Our first contribution is to show the relevance of exploration and exploitation compared with
exploration or exploitation using BCCN, which is dependent on unsupervised clustering. Further, we
show the transition from a horizontal integration to a vertical integration between exploration and
exploitation. Our second contribution is to provide a knowledge space structure with respect to
standardization, in addition to patents and academic papers. Our third contribution is the discovery that,
in relation to the specific technology related to MPEG, standardization can change the knowledge flow
between academic papers and patents. For a long time now, it has been unclear how standardization
activities influence R&D activities in research organizations (Tamura, 2012; Tassey, 2003; Zi and Blind,
2015). This implies that standardization can affect the productivity of researchers’ academic
publications in such technological domains. We capture issues of organizational economics such as
the multidimensional task problem through this finding.
2. LITERATURE REVIEW AND HYPOTHESIS FORMATION
2.1 Overview
Bibliographic analysis of social and management issues is still emerging. Hence, in prior bibliographic
research, scholars have not necessarily included all the essential elements for innovation. For example,
the influence of standards has not been well considered. Shibata, Kajikawa, and Sakata (2010) made
use of academic papers and patent filings for their bibliographic analysis. Nevertheless, they have not
used standardization data. One reason for this is that there are still insufficient standardization data,
even in this era of big data (George, Haas, and Pentland, 2014; Tamura, 2013). Another reason is that,
in the existing corporate strategy and national innovation system, we regard 1) academic papers and
2) patents as the primary output indicators for R&D projects. Thus, there is no incentive to measure
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the influence of standardization. However, in recent national innovation systems in major research
regions such as the US, the EU, and Japan, standardization has become increasingly significant in their
innovation policy and corporate strategy. In the EU, it has now become an inevitable element in policy
evaluation as well as R&D project evaluation (Edler, Georghiou, Blind, and Uyarra, 2012). In Japan,
the government expects the policy regarding standardization to play an essential role (Cabinet Office,
2016). However, at present, it is not implemented sufficiently. In the US, a system to evaluate
standardization remains insufficiently developed (Tassey, 2003). In Japan, with respect to the national
project, the New Energy and Industrial Technology Development Organization has adapted the results
of standardization, albeit only to measure the number of draft proposals. This means that in terms of
management perspectives, it is still difficult to capture the level of standardization activities within
research institutions and to reflect this in researchers’ rewards.
2.2 Management Perspectives
2.2.1 Exploitation and exploration using bibliographic analysis
Bibliographic analysis can expand the ability of organizations to conduct exploration. It involves less
uncertainty in terms of related costs, which have been identified as an obstacle to exploration (March,
1991). Further, it enables organizations to find a way to use the newly discovered knowledge.
Sometimes, external knowledge is difficult for an organization to implement. This is another cause of
uncertainty. Prior research has mainly focused on the horizontal integration between exploration and
exploitation when considering the limited managerial resources in practice. A horizontal integration
means that there should be a balance between exploration and exploitation in relation to organizational
learning. However, the relationship between the two is not necessarily complementary in practice. The
main reason for this is the uncertainty of exploration (March, 1991). In addition, it is difficult for an
organization to evaluate the quality of discovered knowledge because of insufficient absorption
capacity. Hence, they cannot determine how to use external knowledge, even when they find it. A
combination of different types of knowledge is required for innovation (Alexander, 1964; von Hippel,
1994). For this purpose, firms search the knowledge space. This space has an internal sector (within
firms) and an external sector (outside firms) (Grant, 1996; Mansfield, 1988; Rosenkopf and Nerkar,
2001). In addition to generating internal knowledge, firms can be innovative when they translate the
knowledge around them to create new products (Katila, 2002). Therefore, knowledge located outside
organizational boundaries plays an important role in firm performance (Laursen and Salter, 2006).
Hence, we can apply BCCN to both internal and external knowledge searches.
Moreover, the breadth of the external search is positively related to individual innovativeness
(Dahlander, O’Mahony, and Gann, 2016; Tortoriello, 2015). Nevertheless, exploration involves the
risk of failure. Because of this, firms need to explore two different dimensions of organizational search,
namely, breadth and depth (Katila and Ahuja, 2002; Laursen and Salter, 2006; March, 1991). These
two dimensions can be seen as having a trade-off relationship. The relationship between exploration
and exploitation was previously seen as a horizontal integration rather than a vertical integration. Thus,
in the past, firms have depended on the use of similar technologies to produce new products (Helfat,
1994; Wade, 1996) and create an environment of path dependency in relation to innovation (Nelson
and Winter, 1982). This can lead to a competency trap, whereby exploration is avoided (Levitt and
March, 1988) and radical innovation is restricted. Further, to find the knowledge space outside a firm’s
boundary is a difficult task. Organizations are not cognitive of the entire knowledge space. Therefore,
the knowledge they find is sometimes incomplete and less than they require, even though they may
think it is complete (Kahneman and Tversky, 1979). Hence, their decisions are bounded rational
(Simon, 1979).
Further, timely detection of new technological frontiers leads to the attainment of a first-mover
advantage in terms of R&D strategy. In addition, firms usually do not create disruptive innovation
intentionally. Hence, new concepts are recognized and formed once the research has progressed to a
certain stage in public. This means that finding ways to use these new concepts is also difficult. BCCN
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can help to find new technology in the knowledge space, as well as new ways to use it (Tashiro et al.,
2013).
In summary, a lack of information processing technology has, generally speaking, made it
difficult for organizations to explore the knowledge space effectively and completely. Hence,
exploration and exploitation have come to be seen as separate approaches, and organizations have
traditionally chosen to pursue one or the other (March, 1991). Nevertheless, especially in terms of
R&D strategy, the environment has changed as a result of the rapid expansion of data availability and
the development of information processing technology (George et al., 2014; George, Osinga, Lavie,
and Scott, 2016). Using the bibliographic method that has been developed, the prior theoretical
framework changes. Applying BCCN to the relevant documents reduces the cost of searching. Further,
it is easy to visualize emerging concepts, which are not necessarily able to be described in existing
terms. Therefore, we can discover new knowledge spaces arising from emerging technologies. This is
in keeping with the idea that “Painting a ‘big picture’ of scientific knowledge has long been desirable…”
(Borner, Chen, and Boyack, 2003). Now, exploitation and exploration can be compatible. Nevertheless,
there are few studies examining this change in organizational ability, which has arisen from
developments in ICT and the big data environment.
2.2.2 Multidimensional tasks in R&D
Generally, evaluating task achievement is a difficult process. For example, while quantity is easy to
measure, creativity is difficult to measure (Kachelmeier, Reichert, and Williamson, 2008). Thus, in
relation to employees, there is a multidimensional task problem (Holmstrom and Milgrom, 1991). This
applies to the evaluation of academic achievement. The relationship between achievement and the key
indicators is: Achievement = f (academic papers, patents, standardization), where f’(∙)>0. Of these
factors, the number of papers published has a primary influence on researchers’ job security, and we
regard it as the most important factor in the reputation of researchers (Dewett and Denisi, 2004; Oyer,
2006). As for the relationships between factors, it was found that in the BAM Federal Institute for
Materials Research and Testing in Germany, standardization activities are negatively correlated with
journal publication in basic research, because preparation of academic papers is so labor intensive that
researchers cannot spare any time for standardization activities (Zi and Blind, 2015). Conversely,
scholars have reported that standardization helps to improve scientific research in the basic research
stage (Blind and Gauch, 2009). This situation presents a dilemma for both researchers and management,
because it relates to the career development of researchers. Under these conditions, are standardization
activities compatible with the publication of academic papers? If not, there should be some form of
support via a policy that encourages the improvement of standardization activities in academic
institutions. Otherwise, this leads to a paradox whereby to improve basic research, we need
standardization activities, but those standardization activities hinder academic achievement. Following
prior results, we express the relationship between academic publication and standardization in public
research institutions in Germany as:
Academic paper publication = – g (standardization), where g’(∙) >0 .
In prior studies, researchers generally did not discuss the role of standards with respect to academic
work (Funk and Luo, 2015). Hence, insufficient research has been undertaken on this topic. We address
this issue in this study.
2.3 Methodological Perspectives
2.3.1 Science linkage between patents and academic papers
Patents are an important indicator of R&D success and innovation (Acs and Audresch, 1989; Griliches,
1984; Griliches, 1990; Jaffe, 1986; Salter and Martin, 2001; Trajtenberg, 1990a; Trajtenberg, 1990b).
Further, the patent citation network contains information about patents and the links among them
(Carpenter and Narin, 1983; Carpenter, Narin, and Woolf, 1981; Trajtenberg, Henderson, and Jaffe,
1997). Hence, this is an important source of data for bibliographic analysis. Similar to patents, citations
among academic papers also provide important information. Garfield pioneered the use of citation
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analysis among academic papers (Garfield, 1955). Further, scholars study academic paper networks
based on co-authorship to analyze knowledge flows (Demirkan, Deeds, and Demirkan, 2013). If
patents are the private knowledge stream, academic papers are the public knowledge stream (Huang
and Murray, 2009). Hence, the notion of science linkage examines the flow of knowledge from public
knowledge to private knowledge. This is useful for predicting potential areas of technological
development (Shibata et al., 2010). Thus, various studies have examined citation networks (Demirkan
and Demirkan, 2012; McMillan, Narin, and Deeds, 2000; Oliver, 2004; Oliver and Liebeskind, 1997;
Zucker, Darby, and Armstrong, 2002).
2.3.2 Knowledge space structure and standardization
In addition to the relationship between patents and academic papers, this study uses information on
standardization, as shown in Figure 1. The knowledge space model includes 1) patents, 2) academic
papers, and 3) standardization, in contrast to prior research, which only includes 1) patents and 2)
academic papers (Shibata et al., 2010). Therefore, organizations can recognize standardization as a
factor in the knowledge space. Further, using this model, we can observe how standards influence the
relationship between the technological similarities of patents and academic papers. In previous studies
relating to standardization, there has been little attention paid to bibliographic analysis (Arthur, 1989;
David, 1985). However, standardization is now important, especially in fields such as ICT and the
specific subject of this study; an artificial intelligence-related technology (Egyedi and Sherif, 2010;
Jakobs, Procter, and Williams, 2001; Sherif, 2001). Thus, we include standardization as one of the
essential components of the knowledge space in this study.
[Insert Figure 1 about here]
In terms of patents and standardization, prior research has found that standardization activities
increase the number of patent applications (Zi and Blind, 2015). Nevertheless, in general, we do not
patent standardized technology unconditionally (Tamura, 2016).
2.4 Hypotheses
From the above argument, we arrive at the following two hypotheses:
Hypothesis 1 (H1): Standardization activities hinder research publication
Hypothesis 2 (H2): Standardization activities do not necessarily improve patenting.
3. METHOD AND RESULTS
3.1 Overview
We employed a method of data preparation and analysis similar to that used in earlier research
(Newman, 2004; Shibata et al., 2010; Tashiro et al., 2013) and propose a procedure involving the
vertical integration of exploration and exploitation (Table 1 and Appendix Fig. A.1).
[Insert Table 1 about here]
3.1.1 Data preparation
We used Web of Science and Thomson Innovation as data sources. Web of Science is an online database
of academic papers that enables comprehensive citation searches. Thomson Innovation is a global
patent database. We used MPEG as the analysis subject. This is a typical standardized technology,
which means that we can clearly observe the influence of standardization on the knowledge space. We
subtracted published works and patent filings from 1980 to 2014. We connect the keywords “mpeg”
and “standardization” with a Boolean operator “AND” and prepare our two search strings as 1) (mpeg),
and 2) (mpeg AND standardization). Following a key word search, we selected 6,560 papers and
42,904 patents from the databases for the search string (mpeg), and 1,535 papers and 7,347 patents for
the search string (mpeg AND standardization).
3.1.2 Research Procedure
In the exploration phase, we used an analysis method similar to that used in earlier research (Newman,
2004; Shibata et al., 2010; Tashiro et al., 2013) for data preparation and BCCN. In the exploitation
phase, we employed an additional procedure for this study (i.e., a new data processing treatment shown
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in Table 1).
3.2 Bibliographic Clustering of Citation Networks
After the clustering computation (Newman, 2004), 23 paper clusters and 111 patent clusters were
obtained for (mpeg) and 14 paper clusters and 39 patent clusters for (mpeg AND standardization) (there
was noise among the clusters, because “mpeg” is also used as a scientific phrase in chemistry, but we
ignored these noisy clusters in the analysis). We only used clusters that had nodes above 100. We show
the complete pictures of the clusters in Appendix Fig. B1, B2, B3, and B4. The size and major contents
of the three largest relevant clusters are given in each figure.
3.2.1 Similarity between patent clusters and academic paper clusters
Shibata et al. (2010) and Iwami, Kogo, Tacoa, Mori, Kajikawa, and Sakata (2015) compared the
bibliographic characteristics of clusters of patents and academic papers to observe technological
similarities and potentially promising technology areas. To observe the similarities, we first selected
important representative key words (Appendix Table C.1 and Appendix Table C.2) of each cluster by
using the term frequency-inverse document frequency (TF-IDF) mutation method (Appendix D) in
Layer 1 and Layer 2. In Figures 2 and 3, we show the heat maps for Layer 1 and Layer 2, having
calculated the cosine similarities.
[Insert Figure 2 about here]
[Insert Figure 3 about here]
3.2.2 Similarities between Layer 1 and Layer 2
There is a method for exploiting the data shown in Figure 4 (Shibata et al., 2010), which is also useful
for exploiting discovered knowledge. If the patent is extant and the publication of academic papers is
insufficient (Area C), the industrial technology (patents) is leading the technology frontier more than
the basic science (academic papers). Hence, we can see potential for the progressive development of
basic research in this area of technology. This means that for researchers and institutions seeking
research themes, this recently obtained information will be highly beneficial for exploitation.
Conversely, if scholars have already published academic papers but patents are scarce (Area B), the
R&D applied in this region has not been developed sufficiently; hence, there is a significant
opportunity to obtain patents. Thus, the application of this method can affect the organization’s search
behavior in the knowledge space (Grant, 1996; Helfat, 1994; Mansfield, 1988; Nelson and Winter,
1982; Rosenkopf and Nerkar, 2001; Wade, 1996) and improve its ability to exploit the newly
discovered knowledge. Moreover, science linkage is not evident in Area B and C, while it is evident
in Area A. If the linkage pattern changes from the pattern A to B or from the pattern A to C, the science
linkage is broken.
[Insert Figure 4 about here]
The comparison between Layer 1 and Layer 2 is the additional procedure that we undertake beyond
the method used in prior studies (Shibata et al., 2010). In Layer 1 in Figure 2, there is consideration of
1) patents and 2) academic papers, and the key word and our search string is (mpeg). Similarly, in
Layer 2, there is consideration of 1) patents, 2) academic papers, and 3) standardization, and our search
string is (mpeg AND standardization). Comparing Layers 1 and 2, we can clearly see the influence of
standardization on industrial technological development (patents) and basic research (academic
papers). We use the difference in the heat maps to test the derived hypotheses.
4. DISCUSSION
4.1 Overview
Figure 2 and Figure 3 show the cosine similarities between clusters. The cosine similarity between
patent cluster #x and academic paper cluster #y in Layer #z is denoted as:
Cosine similarity of Layer #z between patent cluster #x and academic paper cluster #y
= Similarity (x, y, z).
(1)
For example, the cosine similarity in Layer 1 between patent cluster #1 and academic paper cluster #1
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= Similarity (1, 1, 1) = 0.436, as shown in Figure 3.
In addition, the detected representative key words for each cluster are listed in Appendix Table
C.1 and Table C.2. We denote the representative key words of each cluster as Kw(x, y, z). When z = 1,
it corresponds to Layer 1 and when z = 2, it corresponds to Layer 2. When y = 0, Kw (x, 0, z) means
the set of representative key words of the patent clusters in #x of Layer #z. When x = 0, Kw(0, y, z)
means the set of representative key words of the academic paper clusters in #y of Layer #z.
4.2 Characteristics of Layer 1
Figure 2 shows the relationship between industry technology (patents) and academic research (papers)
under the search string (mpeg). For instance, technologies in the first patent cluster (#1) have terms in
common with the academic papers in clusters #1 to #5. We express this as:
Kw(1,0,1) ∩ Kw(0,i,1) ≠ ϕ,
(2)
where i = 1 to 5.
This is seen in the fact that Similarity (1, j, 1) (j = 1,2,3,4,5) is larger than 0.2. This reveals that
technological information presented in papers is generally patented, and thus the result of fundamental
research has been industrialized. Further, among combinations, Kw(5,0,1) (Cluster 5) in the patents
and Kw(0,5,1) (Cluster 5) in in the academic papers have common representative key words of
“watermark” 3) (Appendix Table C.1). Then:
Kw(5,0,1) ∩ Kw(0,5,1) ≠ ϕ.
(3)
This is supported by the fact that Similarity (5, 5, 1) = 0.378 > 0.2. This means that academic research
(papers) and industrial applications (patents) advance simultaneously regarding the technology of
watermark, and there is a definite science linkage between them.
4.3 Characteristics of Layer 2
Figure 3 shows the relationship between industrial technology (patents) and academic research
(papers) using the search string (mpeg AND standardization). It shows the cosine similarity between
these two factors. The key words for each cluster are shown (Appendix Table C.2). Patent Cluster 7
has the representative key word “watermark,” but there is no corresponding academic papers cluster
with the term “watermark,” as opposed to Layer 1. We denote this relationship as follows:
= ϕ,
(4)
Kw(7,0,2) ∩ Kw(0,i,2)
where i = 1 to 4.
This means that compared with industrial research (patents), fundamental research results
(papers) are scarce in technologies relating to “watermark.”. Therefore, the science linkage is low.
While not hindering it, the standardization process may not improve basic research in the specified
technology relating to “watermark.”. In other words, standardization may not necessarily improve
academic achievement in the form of academic papers. Conversely, the patenting process is not
hindered by standardization.
4.4 Hypothesis validation
Hypothesis H1 is supported by the difference between Layer 1 and Layer 2. As shown in Figure 5, the
standardization process may hinder academic achievement. In Layer 1, watermark technology
represents clusters in both patents and academic papers, while in Layer 2, it represents clusters in
patents, but does not in academic papers. This implies that the science linkage has altered between the
two layers. This is confirmed by the fact that Similarity (5, 5, 1) = 0.378 (Layer 1) decreases to
Similarity (7, 0, 2) = 0 to 0.1 (Layer 2).
We can interpret this result as follows. In certain technology areas, standardization can suppress
academic achievement. This is in accordance with the results observed in the research center in
3

In this case, “watermark” means a digital watermark technology that inserts invisible signals into imaging data. This is
used for authenticity validation, copyright tracking of digitized imaging, and detections of copyright infringement (Choi,
Do, Choi, & Kim, 2010). It differs from conventional watermarks, which are translucent marks on prints or pictures.
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Germany (Zi and Blind, 2015), and is confirmed in this study using the bibliographic method.
Hypothesis H2, on the other hand, is not supported. As shown by the difference between Layer
1 and Layer 2 in Figure 5, the standardization process may not necessarily hinder patenting. We think
this is because the patented technology does not directly relate to the standardization, but develops
around the standardized technologies of MPEG. Therefore, in this case there is a complementary
relationship between standardization and patenting.
[Insert Figure 5 about here]
The knowledge structure observed in this study is shown in Figure 6. Knowledge of standardization is
embedded in patent knowledge. Conversely, in academic paper knowledge, the effect of
standardization creates a knowledge void. Total academic knowledge is divided into two areas, 1)
(mpeg) and 2) (mpeg AND standardization). This means that it is difficult to simultaneously undertake
standardization activities and academic research activities.
[Insert Figure 6 about here]
4.5 Theoretical Implications
The concept of exploration and exploitation outlined 20 years ago (March, 1991) was not based on the
current ICT environment and ICT influence on knowledge acquisition. In the two decades since
March’s concept was presented, the theoretical assumptions and the notion of exploration and
exploitation have implicitly changed as a result of the rapid development of ICT and the rapid decline
in computation costs, as well as improvements in bibliographic data infrastructure (George et al., 2014;
George et al., 2016). In this study, we wish to explicitly explain the implicit transition. The main change
is that the optimal point of utility for knowledge acquisition between exploration and exploitation shifts
substantially. We show in a vertical integration the two are now in a complementary relationship. Today,
it has become possible using ICT.
We can find new knowledge (exploration) and apply the result to management strategy
(exploitation) more efficiently and seamlessly than ever before because we can link the two actions in
a complementary manner (i.e., in a vertically integrated manner). Bibliographic clustering reveals the
knowledge structure shown in Figure 5 and identifies the knowledge region where standardization
affects technology. This is an example of the proposed model representing the vertical integration of
exploration and exploitation. From this perspective, we empirically find that every organization can
more easily practice this strategy under certain conditions (Appendix Fig. A.1) and obtain knowledge
and achieve innovation more efficiently. What is the difference between the previous strategy and
proposed strategy? Previously, the relationship between exploration and exploitation was not
necessarily complementary in many cases, therefore the strategy was difficult to implement. However,
it is not necessarily empirically true in the current ICT environment that vertically integrated
exploration and exploitation strategies are theoretically more difficult than horizontally integrated
exploration and exploitation strategies.
4.6 Managerial implications
The findings of this study indicate that standardization activities require a lot of effort, and in some
cases this consumes resources that scholars would otherwise use to produce academic papers. As a
result, researchers cannot pursue academic paper preparation while involved in standardization
activities. This result implies the need for behavioral change, for example, because of job security
concerns. The same finding applies in the case of patenting (Huang, Feeney, and Welch, 2011). In the
case of an academic researcher, a more senior faculty member has a greater propensity to patent than
a younger faculty member because the senior faculty member may not be under the same pressure in
terms of job security and thus may be more able to engage in patenting activities (Huang, Feeney, and
Welch, 2011). We can apply the same theory to their respective attitudes toward standardization.
From the perspective of organizational economics, we can explain this result in terms of the
multidimensional tasks problem (Holmstrom and Milgrom, 1991). For example, when production
workers are responsible for producing a high volume of good-quality output, the volume is easy to
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measure but the quality is difficult to measure; thus the workers’ attention is focused on volume
(Holmstrom and Milgrom, 1991). In this context, we can easily measure patents under standardization,
but we cannot measure academic papers since patents and academic papers are not necessarily
compatible under the influence of standardization. As a result, the multidimensional task problem
occurs in the MPEG case. To solve this problem, it is important that institutions design compensation
contracts that reconcile the conflict of interest between principals (i.e., institutional interest) and agents
(i.e., researchers’ interest) (Baker, 1992; Kachelmeier and Williamson, 2010). This implies that there
is a need for active policy support for the production of academic papers when researchers are involved
in R&D where the influence of standardization is significant. Such policy support can include:
1) Compensation for academic papers produced under standardization
2) In the technology area where the standardization activities are essential, inclusion of
standardization-related activities in the criteria used to determine eligibility for tenure.
Nevertheless, scholars have not addressed these issues in prior studies on the management of R&D
organizations (Cabinet Office, 2016).
5. LIMITATIONS
Our study is not without limitations. We have examined the influence of standardization on the field
of MPEG technology, but we should avoid any overgeneralization of these results. To try to find the
same phenomenon elsewhere, it is necessary to identify the mechanism behind the observed results.
Further, this study analyzed pooled data from specific periods. Hence, we cannot observe the dynamics
of the relationship between patent cluster formation and academic paper cluster formation. If we could
observe the dynamic development of each cluster, we could obtain more valuable information
regarding standardization.
6. CONCLUSION
We examined the influence of image-digitizing technology (MPEG) developed in ISO and IEC by East
Asian researchers. In MPEG technology, standardization plays an important role. This field is widely
studied in relation to the application of artificial intelligence-related technology to the task of image
recognition. Hence, our findings will have a significant impact on future work. Moreover, we examined
the use of the bibliographic clustering methodology in exploring and exploiting the knowledge space.
The results showed the possibility of overcoming the presumed limitations of exploration and
exploitation beyond bounded rationality (Simon, 1979).
6.1 Theoretical Contribution
This study presents a new knowledge structure model. The structure model uses three-dimensional
coordinates (Figure 1). By comparing the standardization-related and non-standardization-related
layers, we addressed the influence of standardization on science linkage. In the case of digital
watermark technology, standardization affects the science linkage, and a knowledge flow from patents
to academic papers decreases. We observe that this field of study lacks academic papers, while
patenting exists under standardization.
6.2 Managerial Contribution
We show that a combination of exploration and exploitation is possible in practice under the current
ICT and big data environment. As a result of exploration, we found the knowledge space and the
technology region where exploitation is most promising. This means that a vertical integration between
exploration and exploitation is possible, rather than merely the conventional horizontal integration
between the two. In the conventional horizontal integration concept, it is considered important to find
a balance between exploration and exploitation, while a vertical integration, which we propose, allows
for maximization of both at the same time.
Moreover, we applied bibliographic clustering analysis to explore organizational economics
issues in R&D organizations and highlight the fact that research publication and standardization
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activities are not autonomously optimized (Zi and Blind, 2015). We explain this phenomenon from the
viewpoint of the multidimensional task problem (Holmstrom and Milgrom, 1991). This is especially
true in the case of individual researchers in institutions where academic achievement is important. To
accommodate these two elements, it is necessary to implement a management system that reconciles
the interests of both principals and agents, and provides incentives for academic achievement under
conditions of standardization.
APPENDICES
APPENDIX A
[Insert Fig. A.1 about here]
APPENDIX B
[Insert Fig. B.1, B.2, B.3, and B.4 about here]
APPENDIX C
[Insert Table C.1 about here]
[Insert Table C.2 about here]
APPENDIX D: Calculation of Cosine Similarity between Clusters
Using the key words in each cluster, we compared the bibliographic similarities between i) patent
clusters and ii) academic paper clusters to reveal the technological analogy. To measure the similarity,
we used the cosine similarity formula. This is given by the following equation:
����⃗
����⃗∙𝑣𝑣2
𝑣𝑣1

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = �𝑣𝑣1
,
����⃗�
����⃗�∙�𝑣𝑣2

where ����⃗
𝑣𝑣1 and ����⃗
𝑣𝑣2 are vectors of word frequency in each cluster, for example ����⃗
𝑣𝑣1 = (frequency of word
1, frequency of word 2,…, frequency of word n) = (f1, f2,…, fn).
This cosine similarity ranges in value from 0 to 1. When the similarity is 1, these two vectors of cluster
are identical and the two clusters are similar. Conversely, when the similarity is 0, these two vectors of
clusters are completely different sets of words, and therefore the two clusters are not similar. We depict
the calculated values in the heat map, where a deep color represents a high degree of similarity and
white areas indicate the absence of a relationship. The heat map shows 1) the most related clusters and
2) the most unrelated clusters.
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Figure 1. Three-dimensional knowledge space structure model
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Figure 2. Heat map (Layer 1): cosine similarities between patent clusters and
academic paper clusters
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Figure 3. Heat map (Layer 2): cosine similarities between patent clusters
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Figure 4. Relationship between science and technology:
(a) Four types of relationship; (b) Gap between science and technology
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Figure 6. Corresponding relationship between patents and academic papers in Layer 2

Table 1. Data preparation and processing procedure
Data preparation

Data processing
Bibliographic Clustering of Citation
Networks (BCCN)
(Newman, 2004; Shibata et al., 2010;
Tashiro et al., 2013)

New additional treatment of this study

We select the relevant academic papers
and patents for clustering using the key
words:
1) “mpeg”
2) “mpeg” and “standardization”

Exploration

1) Subtracting the patents and academic
papers from patent and journal databases
using intended key words (this process
selects targeted patents and journal papers)
2) Clustering patents and academic papers
through unsupervised learning in terms of
We used the following bibliographic citation networks (this process clusters
information sources from the Thomson patents and papers with similar
Reuters database for the subtraction bibliographic characteristics)
process:
1) Title information in Thomson
(The Academic Landscape* system is used
Innovation (patents)
for the computation of clustering and
consequent comparison between clusters.)
2) Title information in Web of Science
(academic papers).

1) Chart the heat map of cosine similarities
between
i) patents and ii) academic papers (Layer 1).
2) Chart the heat map of cosine similarities
between
i) patents and ii) academic papers (Layer 2).
3) Find the specific technologies whose cosine
similarity between patent clusters and academic
paper clusters differs between Layer 1 and
Layer 2.
4) Observe the science linkage of specified
technologies and find a specific technology
region.

Exploitation

Note: * Copyright © 2010-2013 Innovation Policy Research Center, The University of Tokyo, and Copyright © 2012-2013 Kajikawa laboratory, Graduate
School of Innovation Management, Tokyo Institute of Technology
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Appendices:
Appendix A

Fig. A.1 Detailed flow chart: Vertical integration of exploration and exploitation
Exploration

Exploitation
NLP****

NPL**
Search*
Attributes of papers
&
Citations among papers
(1980-2014:
6,560 papers)

Academic paper
database

Featured
terms

Each cluster’s
featured terms

Clustering
results

Citation maps

Clustering***

Visualization*****

NLP****

NPL**
Search*

Patent database

Difference
between
cosine
similarities
Each cluster’s
featured terms

Featured
terms

Attributes of patents
&
Citations among patents
(1980-2014:
42,904 patents)

Clustering
results
Clustering***

Citation maps
Visualization*****

Note: * In this case, the queries are 1) “mpeg” or 2) “mpeg” and “standardization.”
** NC-Value methods (Frantzi, Ananiadou, and Mima, 2000).
*** The clustering algorithm (Newman, 2004).
**** TF-IDF method.
***** The Large Graph Layout (LGL) visualizing engine (Adai et al., 2004).

20

Appendix B

Fig. B.1 Clusters of academic papers (mpeg)
＃3: Asynchronous
Transfer Mode
network
Node:723 papers
Edge:36700
#2: Descriptor
Node:1187 papers
Edge:555413

#1: Algorithm
Node:1671 papers
Edge:155813
#Rank, Cluster name,
Cluster size

Fig. B.2 Clusters of academic papers
( mpeg AND standardization)

#1: Transcoding
Node:296 patents
Edge:19582
#2: Audio coding
Node:285 patents
Edge:5774
#3: Motion
estimation
Node:272 patents
Edge: 4922
#Rank, Cluster name,
Cluster size
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Fig. B.3 Clusters of patents (mpeg)

#1:Encoding
Node:4790 papers
Edge:96110
#2:Content
Node:3255 papers
Edge:94250
#3:Audio
Node:897 papers
Edge:29772
#Rank, Cluster name,
Cluster size

Fig. B.4 Clusters of patents
(mpeg AND standardization)
#3: Time
Node:307 patents
Edge:1519
#2: Advertisement
Node:584 patents
Edge:8617
#1: Picture
Node:765 patents
Edge:5820

#Rank, Cluster name,
Cluster size
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Appendix C
Table C.1 Keywords in academic paper clusters and patent clusters (Layer 1)
Academic paper
cluster

Top TF-IDF terms

#1

coding, video, bit, algorithm, video coding

#2

video, object, image, motion, descriptor

#3

video, traffic, network, atm, error

#4

motion estimation, estimation, search, motion, video

#5

watermarking, video, watermark, quality, watermarking scheme

Patent cluster

Top TF-IDF terms

#1

video, block, frame, encoding, image

#2

content, medium, video, program, user

#3

audio, medium, file, content, player

#4

packet, stream, video, transport, data

#5

content, watermark, digital, file, medium

#6

memory, memory device, memory cell, flash, flash memory

#7

information storage medium e.g, information storage medium, specific unit, information storage, dvd ram

#8

touch, user, touch screen, sensor, electronic

#9

packet, broadcast, digital, stream, data

#10

content, sponsor, communication facility, mobile communication facility, user

#11

card, electronic, case, electronic device, cover

#12

network, audio, image, video, remote

#13

stereoscopic, dimensional, video, image, picture

#14

power, charging, wireless power, power transmission, battery

#15

packet, video, stream, transmission, frame

#16

interferometric, light, interferometric modulator, microelectromechanical, modulator

#17

caption, caption service, transmitting digital broadcast, transmitting digital broadcast signal, closed caption service

#18

wireless, network, communication, node, access

#19

volume descriptor, recording, volume descriptor sequence, descriptor sequence, descriptor

#20

encoding, image, picture, frame, shot

#21

image, light, organic light emitting display, emitting display, light emitting display

23

Table C.2 Keywords in academic paper clusters and patent clusters (Layer 2)
Academic paper
cluster

Top TF-IDF terms

#1
#2
#3
#4

mode, video, h.264/avc, transcoding, rate
audio, mdct, audio coding, transform, dct
object, segmentation, motion, motion estimation, block
descriptor, retrieval, content, multimedia, shape

Patent cluster

Top TF-IDF terms

#1
#2
#3
#4
#5
#6
#7
#8
#9

video, block, picture, motion, frame
content, program, network, video, advertisement
video, packet, recording, stream, time
encrypted, content, key, packet, encryption
dimensional, video, image, picture, stereoscopic
artifact, block, filtering, pixel, video
watermark, content, document, blanking interval, blanking
enhanced data, trellis, vestigial, traffic information data, traffic information
connector, interface, medium, file, card
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