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Abstract

It would be necessary in the future to provide service on not only national R&D information but also science data, but it would be neces-
sary to effectively provide the meta information of currently owned science data before providing primitive data on science data. In this
study, using visualization technique, this study will propose a science data map service model to visualize the information of science data
into a transnational science data map, as well as to easily acquire the meta information of desired science data. Also, in order to enhance
the usability of acquired information, this study will also suggest a way to immediately use acquired information by interworking with
various simulation software. Through the service developed in this study, researchers have been able to acquire science data and usable

simulation information without accessing different services.
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1. Introduction

Open science has been accelerating faster since its projects were
discussed as key assignments during the OECD Scientific Tech-
nology Ministry Summit in 2015. Open science is a digitalized
form of researches performed with public fund and includes all
efforts to provide them widely to the science community, business
field, and society. Sharing research achievements among nations
and international collaboration research transcending borders have
led to the emergence of new issues solving global issues such as
climate change and infectious diseases. Open science policy,
which develops around open access, open data, and open coopera-
tion claims to disclose and reveal the procedure, outputs, results of
public research which is invested by the government’s public
funds®2. In the past, disclosing science data that includes experi-
mental data generated during research was difficult in a domestic
research site due to institutional and cultural differences, and the
status of generating and managing data in actual public institutions
was not even identified either. In response, this study performed a
huge current status survey on the science data of the government,
research field, and academia of the past 3 years (2014~2016), and
could figure out the current status on the science data based on the
results. Now it is necessary to find a way to effectively provide
these to users.

In Korea, National Science & Technology Information Service
(NTIS)® was established in regards to providing national R&D
information. Through these, the information of projects, tasks, and
achievements performed with the government’s R&D budget are
collected from 17 departments and agencies to manage and dis-
close them. It would be necessary in the future to provide service
on not only national R&D information but also science data, but it
would be necessary to effectively provide the meta information of
currently owned science data before providing primitive data on
science data. The first access to increase the usability of science
data starts from the visualization of data. Currently, with the

growth of the big data technology market and open data policy,
visualization technology has become an important element. While
traditional visualization technology shows statistical information
of data in graphs, the methodological element of visualization that
helps summarize data to be looked at a glance is becoming more
important in big data visualization®. Using such visualization
technique, this study will propose a science data map service
model to visualize the information of science data into a transna-
tional science data map, as well as to easily acquire the meta in-
formation of desired science data. Also, in order to enhance the
usability of acquired information, this study will also suggest a
way to immediately use acquired information by interworking
with various simulation software. In the end, this study will pro-
pose how to interwork with related software models to visualize,
use, and provide science data through the NTIS in order to in-
crease the usability of science data.

This paper consists as follows: Chapter 2 will examine the open
data portal and data visualization service in NTIS, Korea, and
abroad as related studies, and Chapter 3 will briefly describe the
overview of science data map, which is the final output of this
study. Next, Chapter 4 will explain the design and establishment
of science data map. Finally, Chapter 5 will summarize the
achievements and limitations of this study.

2. Related studies

2.1. National science & technology information service
(NTIS)

NTIS comprehensively provides the national R&D information of
government R&D projects from their planning, achievement, and
usage in connection with 17 departments and agencies. It was
established to increase the investment efficiency of research, pro-
duction, and achievements through the joint use of information.
By connecting with not only 5.1 million types of government
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R&D information but also the National Discovery for Science
Library (NDSL) and 16 policy services, NTIS services 85 million
cases of national science technology information including papers
from the private sector, patents, and policy/technology trend, as
shown in Figure 1.
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Fig. 1: Nits Conceptual Diagram.

and finance

2.2. Open data portal in Korea and abroad

With the development of big data technology, the range of data
producers has been expanded largely into the generation and man-
agement of data by individuals and institutions, not only large
organizations such as the National Weather Service, Ministry of
Land, Infrastructure, and Transport, and the Ministry of Health
and Welfare. With such change, the demand for revealing rapidly
increasing public data has gradually increased and as a result,
public data open policy has been actively carried out in Korea and
abroad to meet such demand. For example, Korea provides 20,805
datasets in 16 categories such as the public administration through
the public data portal (data.go.kr) for its citizens to more easily
share and use various data owned by the government. The U.S., an
advanced nation, provides 195,384 datasets of 14 categories
through its public data portal (data.gov), and Mckinsey announced
in 2013 that expected effects of the U.S.’s open data generates a
value of 3 trillion dollars every year worldwide. The U.K. pro-
vides 52,167 datasets in 12 categories, while servicing information
to apply the open data principle by disclosing evaluation results
based on openness score, according to the 5-step development
direction of open data proposed by Tim Berners-Lee, the founder
of WWW (World Wide Web). In addition, the U.K. expected to
earn economic effects of 1.8 billion pounds directly and 6.8 billion
pounds indirectly through open data. Australia provides 28,204
datasets in 34 categories.

2.3. Data visualization

First, visualization research is divided into data visualization, in-
formation visualization, and intelligence visualization®. Infor-
mation visualization means finding significance from information
to effectively deliver information to users, by using graphical ele-
ments. Next, the purpose of intelligence visualization is to make
smooth exchanges among users by using various visualization
methods and delivering facts. In contrast to data which is a simple
list, information is data with meanings and follows classification
and summary methods. Intelligence is valuable information creat-
ed by judgment, experiment, and rules and thus uses methods such
as comparison and correlation®’. According to several empirical
research, the excellence of visualization has been proven in terms
of relation expression rather than language and sequential expres-
sion, pattern identification, expression of overview and detailed
information at the same time, and delivering different types of
intelligenc’ 1. The science data map proposed in this paper uses

classification and summary of information visualization and the
correlation of intelligence visualization so that users can summa-
rize and use the science data drawn from national R&D projects.
Details will be discussed in Chapter 4. Design.

3. Choosing the targets of science data man-
agement and use

3.1. Managing and sharing science data

(A) Distributed Type (B) Centralized Type.

Science data means a large volume of data which is difficult to
manage and analyze with the existing data processing technology,
among data generated through the process and results of science
technology. From national R&D perspective, it means not only
result-centered information of national R&D projects but also
experiment data and intermediate outputs, which are produced
through national R&D activities. Science data are various compli-
cated forms of data such as particle accelerator, electron micro-
scope, and dielectric, which require very highly specialized intel-
ligence and complicated process for usage and analysis. In addi-
tion, with the 4th industrial revolution, science data enables new
scientific discovery and can contribute to solving global issues and
pending national agendas. Such science data is managed in 2
forms as in Figure 2. While distribution type allows immediate
response to research sites through specialized data management by
each field, it is not easy to have uniform data management and
service as the subjects of management are dispersed. In contrast,
centralized form is easier to build and more efficient to manage
due to the unification of infrastructure, but data and users are con-
centrated into the center which can cause issues of excessive cost
and data ownership.
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Fig. 2: National Science Data Service Establishment Plan.
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3.2. Targets of science data usage and service items

To effectively provide science data, accurate survey of current
status and field selection must precede on the domestic science
data. For 3 years from 2014 to 2016, a huge current status survey
was conducted and 3 fields were selected as services as their data
usage was judged to be significant. The fields were divided into
government-affiliated institutions, institutions of large facili-
ties/equipment, and institutions owning simulation software.

It was then identified that 17 professional representative depart-
ments that were classified as government-affiliated institutions,
institutions in charge of 9 key results, government-funded research
institutes, and universities owned 328 types of experiment data on
climate and medical/ healthcare. Also, institutions owning large
research facilities/equipment had 1,111 types of information.
Large research facilities/equipment mean large-scale research
facilities that have excellent performance in the science technolo-
gy field and are used in high-tech research field. As of 2017, there
are currently 127 types of large research facilities built with more
than 5 billion KRW of national R&D budget. In accordance with
related laws, the Korea Basic Science Institute (KBSI) was desig-
nated as an exclusive institution for the management of research
facility/equipment field!. According to the survey results of KBSI
current status performed in 2016, there were 1,111 types of exper-
iment data managed by 27 institutions that owned large research
facilities/equipment and the number of data owned was 180,000,
which was 90TB in total.

EDISO, which was classified as an institution owning simulation
software, is an open-type computational science platform provid-
ing a simulation program usage environment for the education and
research of natural science/engineering based on simulation soft-
ware and education contents; it was developed by experts in 5
fields of computational science and engineering. It owns 391 types
of simulation SW and 55 educational contents including 97 types
of computer thermodynamics, 108 types of nanophysics, 43 types
of structural Kinetics, 27 types of computer design, and 22 types of
computer medical science. The items for science data service
based on the above data include the names of institutions, infor-
mation system, information system overview, name, classification,
and the number of data, fixed/non-fixed categorization, data man-
agement method, data ownership, disclosure/openness, form of
provision, range of usage, and meta information on information
system manager and operator.

4. Development of science data map design for
using science data

4.1. Overview of science data for visualization

To enhance the usability of science data, it is necessary to build a
service to comprehensively identify the current status such as the
data list, producer, and location of science technology and easily
search them in two ways. To fulfill these roles, a science data map
closely integrates and provides the database of national science
technology, data generated by large research facilities and equip-
ment, and simulation SW information around visualization func-
tions, as shown in Figure 3.
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Fig. 3: Science Data Map Overview.
4.2. Design of science data map

The information for science data map defined in the survey results
of the current status of science data in this study totaled
92,847,280 cases of 1,439 types. In order to enable users to under-
stand and acquire the collected science data, this study applied the
classification system for each institution, 6T, science technology
standard, and large research facilities/equipment, and applied an
information visualization method in a map form. For easier access,
institutions were classified into departments/representative spe-
cialized institutions, result institutions, and government-funded
research institutes. Classification for 6T was divided into IT, BT,
NT, ST, ET, CT, and others to make more convenient access to
each type. The classification of science technology standard con-
sists of 33 large, 369 medium-sized, and 2,899 small classifica-
tions, and the design of science data map was mainly based on 33
large classifications for convenient accessibility. The classification
system for large research facilities/equipment enabled the provi-
sion of information by owned institutions, and the overall interface
enabled finding information by using navigation from a tree struc-
ture for easier access.

Next, the study proposed how to interconnect with various simula-
tion softwares to immediately use the acquired information. First,
it extracted the keyword information in science data and the ex-
planation of EDISON simulation software, used the correlation of
intelligence visualization based on the extracted keyword infor-
mation and classification information, and drew the correlation
between science data and EDISON simulation software. After, the
study mapped the correlation into usable simulation software for
each science data. Since the EDISON simulation SW is a profes-
sional field of natural science and engineering, experts in 5 cate-
gories chose and reviewed mapping information in which the cor-
relation method of intelligence visualization was applied, in order
to develop the final mapping table. hrough this, users who sepa-
rately searched science data and simulation software before can
now easily acquire desired science data and receive usable simula-
tion SW at the same time.
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4.3. Development of Science data map

The main screen of science data map that provides a comprehen-
sive current status of science data and the information of using
EDISON simulation SW on science data is as in (Figure 4). Users
can first check the information of the current total amount of sci-
ence data amount, including experiment data, on the main screen.
The main screen applies a system that can classify science tech-
nology data from various perspectives, by institutions, 6T, stand-
ard classification of science technology, and institutions owning
large research facilities/equipment, and provide them in a visual-
ized form as in Figure 5. Users can also acquire information for
simulation from the science data map as it even interworks and
provides usable simulation SW in each science data.
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Fig. 5: Science Data Map Service Page.
5. Conclusion

The current status of which science data are being generated and
managed by each public institution has not been identified for the
data of scientific technology experiment; thus, researchers who
wished to use science data had to separately access each institution
and service. This study built a science data map by systematically
organizing a process to visualize national R&D information in the
NTIS as well as current information, based on the results of cur-
rent status survey, and to provide usable EDSION simulation SW
with science data. Through the service developed in this study,
researchers have been able to acquire science data and usable sim-
ulation information without accessing different services. Future
researches will devise a plan to provide large-capacity data storage
and virtual collaboration environment, besides a simulation envi-
ronment, at the same time, and perform a user satisfaction survey
on developed services to measure service usability.
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