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Data Citation as a Driver of Scientific Open Data
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Reference: Society of Geomagnetism, Earth, Planetary and Space Sciences, http:// 
sgepss.org/sgepss/shorai/SGEPSS_syorai_Jan2013.pdf [accessed on January 2013].

Roche DG, Lanfear R, Binning SA, 
Haff TM, Schwanz LE, et al. (2014)



Data Citation Practices

Data Publisher Description Data Citation Example
PANGAEA: The Publishing 
Network for Geo-scientific
and Environmental Data 
http://www.Pangaea.de/

Open access library and 
data publisher for earth and 
environmental science

Gershanovich, DE; Zinkovskiy, AB (1987): 
Distribution of particulate matter and 
particulate organic carbon in waters of the 
Caspian Sea.doi:10.1594/PANGAEA.756520

ICPSR: The Inter-university
Consortium for Political and 
Social Research 
https://www.icpsr.umich.edu/

International consortium of 
about 700 academic 
institutions and research 
organizations that maintains 
and provides assess to 
social science data

Escarce, Jose J., Nicole Lurie, and Adria Jewell. 
RAND Center for Population Health and Health 
Disparities (CPHHD) Data Core Series: Pollution, 
1988-2004 [United States]. ICPSR27864-v1. Ann 
Arbor, MI: Inter-university Consortium for 
Political and Social Research [distributor], 2011-
10-21. http://doi.org/10.3886/ICPSR27864.v1

Dryad
http://http://datadryad.org//

International data 
repository of peer reviewed 
scholarly literature 
specialized in bioscience 
data

López-Rodríguez MJ, Tierno de Figueroa JM 
(2012) Data from: Life in the dark: on the 
biology of the cavernicolous stonefly 
Protonemura gevi (Insecta, Plecoptera). The 
American Naturalist 
http://dx.doi.org/10.5061/dryad.8m8r1 
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Source: CODATA-ICSTI Task Group on Data Citation Standards and Practices: Out of Cite, 
Out of Mind: The Current State of Practice, Policy, and Technology for the Citation of 
Data, Data Science Journal, Vol. 12, pp. CIDCR1-CIDCR75 (2013)

… and more



Data Citation Practices (Cont’d)

• Data Citation Index (DCI) [Thomson Reuters]

– Harvests citations to research data from 
papers indexed in the Web of Science
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A. DCI overall statistics

B. DCI statistics by area of data studies

C. Distribution of citations by subject

Source: Robinson-Garcia, N. et. al: Analyzing data citation practices using the  Data Citation Index, Journal of the Association for 
Information Science and Technology, DOI: 10.1002/asi.23529 (June, 2015)
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Data Citation Mechanism

Garrison, VH et al. (2014): Particulate matter 
(PM2.5 and PM10) in the air in Bamako, Mali
(2012-2013). doi:10.1594/PANGAEA.834195

Data Publisher
Online Journal

10.1594/PANGAEA.834195
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server

register
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Landing page

lookup

forward

Metadata

Data

Data citation

• DataCite
• CrossRef
• JaLC, etc.

• PANGAEA, ICPSR, Dryad, etc.



Web of Data Citation
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Inter-university Consortium for Political and Social Research (ICPSR)
115,154 citations

Document Data
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Data Citation Analysis
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• Macro analysis:
Analyze structure of data citation network
– Discover communities of data citation, and characterize 

data by citations in a community

• Micro analysis:
Analyze associations between document and data
– Discover typical associations (i.e. association rules) 

between documented knowledge and evidential data

2015/9/30



Data Citation Analysis Framework
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Data Citation Extraction
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Data Citations Archive
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Data Site Domain # of DC 
Pangaea Earth & Environment 384,815 

ICPSR Social Science 115,154 

   

DRYAD Bioscience 1,556 

ADA Social Science 16,062 

ESDS Economic & Social 
Science 

59,471 
 

 

> 1,285,000 citations

Data Citation 
Archive

Data citation metadata

2015/9/30

DataCite 773,173(any)

322,477
114,815
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Data Citation Structure Analysis (1)
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Pangaea
“Reports of the Deep Sea Drilling Project”

“Physical properties of Hole #”

• Data Collection Community

Catalogue document

Data collection

Document Data
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Data Citation Structure Analysis (2)
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Australian Data Archive (ADA)
Working

Inequality

Attitudes

National Social Science Survey

• Data Sharing Community

Shared data

Data-sharing document clusters

Document Data

2015/9/30
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Topic-Specific Community Discovery
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• HITS algorithm [Kleinberg 99]

– A good hub links to many good authorities
• Hub score: 𝐻𝐻 𝑥𝑥 = ∑𝑦𝑦←𝑥𝑥 𝐴𝐴(𝑦𝑦)

– A good authority is referenced by many good hubs
• Authority score: 𝐴𝐴 𝑥𝑥 = ∑𝑦𝑦→𝑥𝑥𝐻𝐻(𝑦𝑦)

– Discovery from result set

Hub Auth
ority
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Hubs and Authorities

14

“Australian Broadcasting 
Cooperation (Audience Research)”

« Melbourne radio survey, 1978 »

« Sydney radio survey, 1981 »
« Brisbane radio, 1980 »

Hub document

Authority data

Document Data

2015/9/30
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Community Discovery Demo
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Referential Context
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• Data usage is often different from the data content

Population data

Income data

Health insurance

Both population data and income data are 
referenced by health insurance document

Document Data

2015/9/30



• Discover typical combinations of document and data attributes 
frequently co-occurring in data citations (referential contexts)
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Data Citation Association Rule Discovery

• Title
• Authors
• Topics, etc.

Document Attribute
• Subject 
• Observation location, time
• Creators, etc.

Data Attribute

Data Citation Archive

Referential
Context:

Association rule discovery tool



Typical Data Supporting Documented Knowledge
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Data

Labor market (88)

Career goals (3)

Occupational 
mobility (35)

Energy 
assistance  (1)

Health (4)

Dating (social) 
(1)

Educational 
background (9)

39:39

31:31

40:112

1:1

7:7

1:1

Data citations (#source: #target)

Document
topic

subject



Trend of Knowledge-Supporting Data
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Total carbon dioxide 
(10)

Southern Ocean 
(247)

Equatorial Pacific 
(35)

Arabian Sea 
(279)

Observation location

1996-1998

1992

1995

Year

4:247

3:35

3:279

Observation data for 
carbon dioxide research 
goes south over years.

Data

Document
topic



Data Supporting Wide Knowledge
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Sedimentation rates calculated on surface 
sediment samples from different site of the 

Atlantic and Pacific Oceans, 1991.

Data collected from 1963 ~ 
1981 all over the world

Created by
Wallace Smith
Broecker (1931 - )

Diverse 
topics

Document

Data
title



• Discover data-intensive community
– Collaborate with research communities having same or similar data 

[researcher]
– Survey the data common to a research community [data repository]

• Evaluate reputation of data
– Reward data (creators) based on its popularity and/or authority 

[funding organization]
– Manage quality of data [data creator]

• Provide superior discoverability for better reuse of data
– Search data by both content and context keywords [data repository]
– Discover related data for interdisciplinary research [data curator]
– Find research publications actionable for reuse of data [researcher, 

publisher]
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Use Cases
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Open Issues

22

• Unstable metadata of data citation
– Semantic compatibility among heterogeneous data citation metadata

• E.g.) relate to, supplement to (PANGAEA),  related publications (ICPSR), is 
referenced by (Dryad), related materials (ADA), ….

– Up-to-date?
• More citations for better analysis

– Unified and/or centralized access to distributed information of data 
citation 

– Citation-creating applications with harnessing citation analysis
• E.g.) Data search with citation-based ranking (more citations, more exposure) 

→ data citation optimization

• Analyzing dynamic citations
– Behavior analysis on user (client)-to-data citations from DOI access log
– Intention analysis on keyword-to-data citations from search query log 



• Data citation = link from documented knowledge to 
evidential data

− Instead of knowledge-to-knowledge link by document citation

• Analysis of ‘Web of data citation’
− Data citation structure analysis (macro analysis)
− Data citation association rule discovery (micro analysis)

• For better reuse & reward of data
− Discover data-intensive community
− Evaluate reputation of data
− Provide superior discoverability
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Summary

2015/9/30



THANK YOU
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isp-contact@ml.nict.go.jp

Poster & demo are now on show! 
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