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Abstract  
It is needed for a research institute to 
understand how the works of the institute 
contribute to the growth of different scientific 
domains. However there are not many methods 
to evaluate it. This paper create a landscape of 
scientific domains related to an aviation 
research institute, taking a bibliometrics 
approach and focusing on papers citing works 
of the institute. With this approach, we try to 
highlight works of the institute in a certain 
scientific domain and to evaluate the ratio of the 
leadership in the domain.   

1  Introduction  

It requires a long time and huge investment for a 
scientific discovery or technological invention 
to be matured enough to be applied in an aircraft 
system. Today’s works at aeronautics research 
institutes have huge importance for the future of 
the aviation industry.  

Therefore, research institutes, whichever it 
depends on public or private funding, need to 
make it clear their research strategy, capability 
and outcomes to the stakeholders. And to do 
that, research institutes often present following 
statistics to the public; what facilities the 
institute owns, how much and where the 
institute got funding, how many researchers the 
institute employs, how much collaboration the 
institute has with other institutes and industries, 
and how many publication and oral presentation 
are made from the institute. While these 
information are all very important, it is difficult 
to show the evidence of contribution of 

institutes to science and industries, that is the 
main object of a research institute. 

Proceeding and academic papers are one of 
very tangible indicators of such contribution. 
Besides of information about funding, 
collaboration of authors of different institutes, 
impact to other researchers is appeared in the 
form of forward citation. In practice, only the 
outer layer of paper information is used in the 
evaluation of works of a research institute, such 
as the number of publication and sometimes the 
impact factor of the journal that the works are 
published. Using publication information is 
getting difficult because the number of 
publication is increasing exponentially and 
science is getting more complex to take simple 
statistics.  

There are research groups to use 
information of publication effectively in 
information science. Computer-based approach 
is compatible with large scale of data and 
citation analysis has established itself as one of 
the most effective approaches in structuring 
academic documents. A citation can be regarded 
as the self-organizing dynamics of scholars’ 
communication [1-4]. There are approaches to 
create a scientific landscape based on the 
communication. Researchers and decision-
makers related to science and innovation 
management evaluate citation analysis 
approaches as quantifiable and objective 
approaches that can compensate and validate the 
experts’ judgments [2-3], and can be used in 
administration fields. Therefore we would like 
to use this approach for managing an 
aeronautics research institute. 
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  Adopting such a computer-based citation 
analysis approach, we would like to create a 
landscape of scientific domain related to a 
research institute based on the citation 
information of papers citing papers of the 
institute. We assume that such an approach can 
make the broad and various influence of the 
institute to the science visible. 

2 Methodologies  

2.1 Citation Analysis  
This paper followed the approach used in the 
previous paper [2]. Citation network analysis 
was employed to structure scientific papers and 
create a scientific landscape. The analysis 
procedure is schematically illustrated in Fig. 1.  

The data are converted into a non-
weighted, non-directed network in which a 
paper is represented as a node and citations as 
links. The maximum connected components 
(MC) of the network are extracted. Papers not 
citing other papers in the MC were regarded as 
digressional from the mainstream of those 
research fields and eliminated them. Finally, the 
network was divided into clusters using a 
topological clustering method [5-6].  

 

 
Fig. 1.  Schematic diagram of the citation network 
analysis 
 

After clustering the network, each 
cluster was characterized by an expert-based 
approach.  To identify the characterization of 
clusters and to title them, we reviewed the 
abstracts of core papers that have frequent 
citations with the other papers in the cluster, 

frequently appearing words and the frequently 
appearing journals of each cluster with experts. 

 
 

 
The landscape of retrieved clusters is 

visualized by a large graph layout (LGL) [7]. 
LGL is based on a spring layout algorithm 
where links play the role of spring connecting 
nodes. As a result of this layout, the group of 
patents citing each other is located in closer 
positions and only the intra-cluster links for 
each cluster are shown with the same color. The 
position of each cluster is intuitively 
understandable. 

2.2 Data  
This paper collected papers from the Science 
Citation Index (SCI) and the Social Sciences 
Citation Index (SSCI) compiled by the Institute 
for Scientific Information (ISI). The Web of 
Science, which is a Web-based user interface 
for ISI’s citation databases, is used.  

Firstly, we retrieve data of a certain 
institute by searching the institution in the 
organization field of the database. Secondly we 
exclude papers classified to “Astronomy and 
Astrophysics” in Web of Science Categories. 
This process is added because we aim to focus 
on a works related to aeronautics researches and 
one of focused institutes in this research had a 
big cluster of astronomy and astrophysics 
papers. This process is not necessary for other 
purpose. Thirdly, we search papers that refer 
papers retrieved in the previous process, using 
the citation report function of the database. This 
process is for investigating the contribution of 
the institute toward various science domains. 

We chose Japanese Aerospace Exploration 
Agency (JAXA) and German Aerospace Center 
(DLR) to create the landscape as a case study. 
5,902 JAXA papers were found in Web of 
Science in May 2013 after the Web of Science 
category filtering. 37,819 papers cited the 
JAXA papers above at this time. On the other 
hand, 7,387 DLR papers were found in the Web 
of Science in June 2014 after the Web of 
Science category filtering. 62,134 papers cited 
the DLR papers above at this time. 
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2.3 Indicator of Leadership 
After creating a scientific landscape of papers 
citing papers of the focused institute, calculate 
the ratio of the number of papers published by 
the focused institute to the total number of 
papers in the cluster s, namely Is. Is is translated 
as the rate of the involvement of the focused 
institute with each sub-domains. Small Is 
indicates the leadership position of the institute 
in the s domain. Large Is indicates the 
uniqueness of the institute in the s domain. 
Table 1 is our hypothesis about what Is can 
indicate.  
 

Table 1. Our hypothesis about Indicator Is 
 Scientific 

domains that 
the research 

institute 
originally 
targeted 

Scientific 
domains that 
the research 

institute 
originally not 

targeted 
Small Is Leader All-Rounder 
Large Is Pioneer Lost Child 

 

3 Case Studies  

3.1 Japanese Aerospace Exploration Agency 
(JAXA)  

Fig. 2 is the landscape created by citation 
analysis on papers cite the JAXA papers. The 
MC was 40,576 and the average published year 
was 2004.1.  

The MC were structured into 135 clusters. 
Top 32 clusters, that are related to aeronautics 
domains such as Fluid Dynamics, Structure and 
Materials, were investigated. Even though 
JAXA’s paper categorized in the “Astronomy 
and Astrophisics” in Web of Science Categories 
were excluded, major scientific domains that 
JAXA influence seems the area of astronomy. 

 Cluster 3 is a group of papars, 4,716 
papers in total, on Computer Fluid Dynamics 
(CFD). The average published year of the 
Cluster 3 papers is 2002.1. The involvement of 
JAXA to Cluster 3, I3 is 14%. At Fig. 3, we took 
the same citation analysis approach to Cluster 3 
and analyzed the sub-clusters. Top sub-clusters 
is plotted in a graph; the vertical axis is Is and 

1

Fig. 2.  The landscape of scientific domains where an institute influence (JAXA) 
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the horizontal axis is the average published year 
of papers in each sub-cluster. The characteristics 
of each sub-cluster and core JAXA papers are 
shown in the graph.  
 For example, papers in the sub-cluster 3-
3 discuss convection and Lattics Bolzman. I3-3 is 
relatively small and the average published year 
of the sub-cluster 3-3 is relatively young, which 
can indicate that JAXA takes leadership in this 
area and this area is growing.  

Fig.3 also shows another perspective that 
our approach can bring to evaluate works done 
by the institute. It compares the Web of 
Knowledge Categories of JAXA papers and the 
rest in Cluster 3. There are 49 Web of 
Knowledge Categories, which are not originally 
covered by JAXA’s work. The CFD papers of 
JAXA are cited not only by other aeronautics 
CFD papers but also referred by papers of 
nanoscience and biotech domains. These 
analyses have possibility to contribute for better 
understanding of value of the researches in an 
institute at the wider perspective than at only the 
aeronautic perspective.  

3.2 German Aerospace Center (DLR)  

Fig. 4 is the landscape created by citation 
analysis on JAXA academic papers and papers 
cite the JAXA papers. The MC was 66,836 and 
the average published year was 2007.7.  

MC were structured into 195 clusters. The 
landscape of DLR seems quite different from 
JAXA’s landscape. However, the size of each 
clusters appeared on Fig. 2. and Fig. 4 are not 
coherent so that we need to conduct sub-cluster 
analysis if we compare two institutes. For 
example, CFD clusters weren’t cound in top 
clusters until we analyzed sub-cluster of the 
cluster 1 in Fig. 4. Cluster 10 is a group of 
papars, 1,237 papers in total, on Robotics. The 
average published year of Cluster 10 papers is 
2008.9. The involvement of DLR to the Robotic 
cluster, I3 is 10%. Fig. 5 is the snapshot of 
Robotics sub-cluster analysis. The Robotics	 
works in DLR are influencing divers scientific 
domain such as medical domains. 
  

Fig. 3.  A snap shot of an influence analysis based on the citation analysis approach (JAXA CL3) 
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Fig. 4.  The landscape of scientific domains where an institute influence (DLR) 

 

Fig. 5.  A snap shot of an influence analysis based on the citation analysis approach (DLR CL10) 
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 3.3 Similarity Between Two Institutes  
 
This section is additional and we adopted 
similarity measurements to discuss potential 
collaboration between two different institutes. 
We tested two cases for comparing JAXA and 
Sony. One case (A1) is to create a landscape 
from academic papers published by JAXA and 
Sony Institute together, using our citation 

analysis. Then we regard clusters which include 
papers of both institute as common research 
interest domains. Another case (A2) is to create 
landscape of JAXA and Sony separately, 
following the approach described in the section 
2. Then we measure the similarity of frequent 
words appeared in each cluster and highlight 
clusters with high similarity. More detail 
explanation of two approaches and cosine 

Fig. 6.  A1 Approach to Highlight Potential Common Research Interests Between Institutes 
 

Fig. 7.  A2 Approach to Highlight Potential Common Research Interests Between Institutes 
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similarity measurement and is cound in [8] and 
available online.  

Fig. 6 shows the results of A1 and Fig. 7 
shows the results of A2. The table is the 
potential areas that two institutes have common 
interests. These analyses can be use for 
investigating new collaboration possibility 
between organizations of different domains. 

4 Concluding remarks  

The authors thought it should be useful if 
institutes can evaluate how much the works by 
the institute contribute to the scientific domain, 
demonstrated a citation analysis and 
investigated landscapes of scientific fields 
JAXA and DLR influence. Here their works on 
Astronautics and Astrophysics were excluded in 
the analysis because originally we wanted to 
focus on the influence of their aeronautics 
works. However we think the process is not 
sophisticated enough. On the other hand, the 
results showed the wide range of scientific 
domains that two institutes influence. This 
approach also made it possible to highlight 
works of which employees are core in the 
retrieved scientific domains.  

An indicator Is, the ratio of works of a 
certain institute in a scientific domain is 
designed in this research in order to evaluate 
whether the institute takes leadership or display 
the uniqueness. We plotted retrieved scientific 
clusters by Is and the average of published year 
of papers found in each cluster. We couldn’t set 
a threshold os small and large Is in this paper 
because the citation behavior depends on 
scientific domain and also because experts’ 
knowledge is required to evaluate this approach. 
Unfortunately, this research lacks evaluation of 
the results. Interviews with people in 
demonstrated institutes are necessary and we 
should ask not only whether the results are 
similar to their intuitions, whether such 
perspective is necessary and useful in their 
institutes, but also what should be a challenge in 
order to adopt this approach in practices within 
institutes. We would like to open these 
questions to the readers and hope to receive 
responses during the oral presentation. In any 

case, discussion with practitioners will be 
appeared in our future research. 

The circumstance of research institutes 
are changing and to be competitive, they must 
appeal their works to public. However, as a long 
time is required for a technology to be matured 
for the aviation system, aeronautic research 
institutes don’t have tangible evidences to show 
their contribution to science and industry. We 
found some useful tools developed in a different 
domain, that is, information science domain, 
and studied how we can adopt such an approach 
in practical use, wishing to contribute toward 
fostering aeronautics research.  
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