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Abstract

The Scholarly Database (SDB) at Indiana Univeraitgs to serve researchers and practitioners inéztés the

analysis, modeling, and visualization of large-scaiholarly datasets. This database focuses orosingplarge

studies of changes in science over time and conuating findings via knowledge-domain visualizatiomse

database currently provides access to around lIB®mpublications, patents, and grants, ten peroénthich

contain full-text abstracts. Except for some datasédth restricted access conditions, the databearetrieved in
raw or pre-processed format using either a webéaseelational database client. This paper motivdhe need
for the database from bibliometric and scientorngperspectives (Cronin & Atkins, 2000; White & MdGa
1989). It explains the database design, setup,irmedaces as well as the temporal, geographical, tapic

coverage of datasets currently served. Planned aodkthe potential for this database to becomenbagitest
bed for information science research are discussed.
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Introduction

Digitized scholarly datasets and sufficient compgitpower to integrate, analyze, and model these
datasets make it possible to study the structudeesolution of science on a global scale (Borner,
Chen, & Boyack, 2003; Boyack, Klavans, & Bornerp20Shiffrin & Boérner, 2004). Results can be
communicated via tables, graphs, geographic antt to@ps. Frontiers emerging across different
sciences can be discovered and tracked. Differamdifig models can be simulated and compared.
School children can start to understand the synthietationships among different areas of science.

The study of science on a global scale requiressacto high quality, high coverage data and major
cyberinfrastructure (Atkins et al., 2003) to pracesich data. Many studies require the retrievdl an

integration of data from different sources withfeliing data types. For example, input-output staidie

require input data, e.g., funding amounts and nunabenew graduates, and output data, e.g., the
number of publications, received citations, awardsd policy changes. Unfortunately, the

identification and inter-linkage of unique authdraiestigators and inventors is non-trivial.

Contrary to other scientific disciplines where d@areely and widely shared, there are very few
bibliometric or scientometric test datasets avédlafhis makes it very time consuming (e.g., data
download, cleaning and inter-linkage) or impossilile datasets require access permissions) to
replicate studies or reproduce results. Fortupasgme services and institutions, such as PubMed,
CiteSeer, arXiv, and the United States Patent &fficovide free data dumps of their holdings under
certain conditions. However, most bibliometric asaientometric scholars are not trained in parsing
millions of XML-encoded records and very few haxpertise in the setup and maintenance of multi-
terabyte databases.

The Scholarly Database, onlinetdtps://sdb.slis.indiana.eduwdims to improve the quality and reduce
the costs of bibliometric and scientometric redeaand practice by providing easy access to high
quality, comprehensive scholarly datasets.
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Database Architecture and Access

The Scholarly Database comprises production, dpwedmt, and research systems. Theduction
systemutilizes two Sun V490 servers with sixteen gigalsydf memory each serving two redundant,
mirrored clusters of the Scholarly Database runrirogtgreSQL v8.1.4 under Solaris 10. Failover,
load balancing, and replication are provided vialanned intermediary system service between each
of these clusters. In addition, each instance ef database is isolated within its own zone under
Solaris 10, providing increased security and failofor the system at-large. THevelopment system

is used for developing future production versiorfs various datasets. After post-processing,
incorporation, and testing, new datasets receige dwn data store and various schema templates are
incorporated. When approved, these datasets amepighed to one of the production clusters. The
research systermuns on a Sun V480 with thirty two gigabytes ofmuey providing a sandbox for
researchers to develop and refine personal or ietapy datasets. Aside from being a completely
isolated system, this cluster provides users witftiicient memory and disk storage for large-scale
cyberinfrastructure projects involving multi-gigabyand, in the future, terabyte-scale data and
application requirements. All three systems argtdwat the Cyberinfrastructure for Network Science
Center at Indiana University.

The general system architecture of the Scholarlialisse has three major parts: Thata Space
stores raw data, pre-processed data, metadatangnother raw data artefaci3ata Servicesupport
data harvesting, data mining, pre- and post-praegsstatistical analysis, and in the near future
natural language processing, multi-agent data sitiowis, and information visualization services.
Aside from backup and storadeata Provenancés provided via the use of metadata associated wit
the raw data, internal database artefacts (elgensas, tables, views, etc.), and user artefacts asic
gueries or views.

The database schema is too extensive to describepict here in anything but an abstract overview.
The current implementation utilizes three schempablic, base, and auxiliary. Thrublic schema
describes all post-processed raw data that haslbaded into the database. This data and associated
metadata are rarely modified, except when new @sdate received from a data provider. base
schemacontains all foundational views found in the wetberface used for search, display, and
download of data. Most views are virtual, but somegterialized tables are used for extremely large
datasets. Thauxiliary schemgprovides a space where schemas, tables, viewsuaotions created

by the users of the system can be stored for relissancillary purpose is to provide an area where
one-time or proprietary non-public components (azigws or functions) can be explored for a dataset
by an authorized user.

Access to the database is available via a web -Bpdtathttps://sdb.slis.indiana.edua pgAdmin
PostgreSQL administration and management tool, aapdql PostgreSQL interactive terminal. The
front-end interface allows external users to sedhchugh all of the articles and documents in the
database via author, title, or keyword for a spedif/ear range. Results are returned showing generi
fields such as journal name, title, author namel, @ate of publication. Each record can be further
expanded to show fields specific to a given dataSetected datasets can be downloaded. Future
services will support the extraction and downlo&detworks such as co-author and paper-citation
networks.

Dataset Acquisition, Processing and Coverage

The Scholarly Database is unique in that it providecess to diverse publication datasets and to
patents and grant award datasets. Datasets argeaciom a wide variety of sources. Some are one

time acquisitions. Others are updated on a contismasis. Several have access restrictions. Table 1
provides an overview.

Medlinepublications provided by the National Library oeMcine fhttp://www.nlm.nih.goy, consists

of two types of data: baseline files that areritisted at the end of each year and include allMRdh
records that have been digitally encoded in XMLNtdline; and newly added data for that particular
year which is subsequently updated in future basealeleases. It is provided in XML format with a
custom DTD. Update files are provided regularly.
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Table 1: Datasets and their properties (* futueguee).

Dataset  # Records Years Covered Updated Restricted Access
Medline 13,149,741 1965-2005 Yes

PhysRev 398,005 1893-2006 Yes

PNAS 16,167 1997-2002 Yes

JCR 59,078 1974, 1979, 1984, 1989, 192404 Yes
USPTO 3,179,930 1976-2004  Yes*

NSF 174,835 1985-2003  Yes*

NIH 1,043,804 1972-2002  Yes*

Total 18,021,560

Physical Reviewpapers provided by the American Physical Societip{//aps.ory come in 398,005
XML-encoded article files covering nine journals, @ C, D, E, PR, PRL, RMP, PRST, and AB) over
a one hundred and ten-year time span: 1893-200éingle DTD exists for the entire collection. It
encompasses all changes made throughout the hisftoing digital encoding of these files that were
previously available in SGML format. It is a progary dataset that cannot be shared or used for
commercial purposes.

Proceedings of the National Academy of Sciencpsovided by PNAS Http://www.pnas.orj
comprise full text documents covering the years7i2902 (148 issues containing some 93,000
journal pages). The dataset is also available icrddoft Access 97 format. It was provided by PNAS
for the Arthur M. Sackler Colloquium, Mapping Knadge Domains, held May 9-11, 2003. It is
available for research and educational purposemytody registered for that Colloquium and who
signed the copyright form. It cannot be redistréalivithout prior permission from PNAS. It cannot be
used for commercial purposes.

Journal Citation Report (JCR-Science Edition)dataset by ISI Thomson Scientific
(http://www.isinet.corh comprises two datasets: (1) covers the years-2094; and (2) contains cited
and citing pairs records for 1974, 1979, 1984 a®@91from the Science Citation Index — Expanded
(SCI-E). Both are restricted use for the purposaroNSF grant. This data cannot be used, distidhute
or otherwise shared without prior written permissicom Thomson Scientific.

Patentsby the United States Patent and Trademark OfficeRTUO) hittp://www.uspto.goycome as
XML-encoded dumps downloadable from the USPTO wekp://ftp.uspto.gov/pub/patdada/This
is a publicly accessible dataset of about threbanitecords organized into ca. 160,000 patenselsis

NSF Grants awarded by the National Science Foundation (NS#p:(/www.nsf.goy support
research and education in science and engineasingpte than two thousand colleges, universities,
and other research and education institutionslipaaits of the United States through grants, catgra
and cooperative agreements. It is composed of eawfiles as distributed by the NSF for the years
listed above. It is a publicly accessible dataset.

NIH Grants datafrom the National Institutes of Health (NIHht{p://www.nih.goy is composed of
CRISP and Awards data downloaded from the main Wi site and the CRISP on-line search
engine http://crisp.cit.nih.gov/for the years listed above. The CRISP data induihformation
regarding extramural projects, grants, contracig] so on associated with projects and research
supported by the National Institutes of Health. Nitard data is composed of principal investigator
and institution NIH grant award amounts concerrpngjects found in the CRISP data for the years
listed above.

Detailed information on these datasets, and thaitity and coverage, as well as available datagiel
is available online ahttps://nwb.slis.indiana.edu/communitigelect ‘Datasets’). New datasets are
added on a continuous basis.




Temporal CoverageAs can be seen in Fig. 1 (left), the Medline dettéss the most records per year,
with about 500,000 new records each year. Theraloat 200,000 new USPTO patents each yeat,
10,000 new NSF awards, and 50,000 new NIH awardyqer. The number of unique authors per
year is shown in Fig. 1 (right). A concatenation fiot author name and last author name was
employed to identify unique authors. There is ntbes one ‘John Smith’ in the Medline dataset, and
we know that some authors change names, but thph greovides a rough estimate of how many
unigue authors contribute to the growth of eaclagkgttand the increase in the number of authors over
time.
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Figure 1: Number of records and unique authorsyear for different datasets for 1950 to 2005.

Geographical CoverageThe geographical coverage of datasets can be egdnbly geolocating
papers, patents, and awards based on the affiliaicheir authors, inventors, and awardees. It is
frequently not clear how best to divide the conttitns of single authors across the team. In some
datasets, affiliation data is only available foe first author. Therefore, we attribute the locatid the
paper, patent, or award to the first author, inegnbr awardee. For each first author, inventor, or
awardee we retrieved either a zip code or a c#espair. Zip codes were matched against zip code
data provided by Novak Banda at http://www.popuddaccom to derive latitude and longitude
coordinates. When a zip code was not availableimltodes for the city-state pair were retrieved a

a geospatially central zip code was assigned aalbcgted. As we did not have access to world wide
geocoding services, this analysis is restricted$o Due to page limitations, we prototypically piloé
coverage of only two datasets: Medline and NIHio 2.

Figure 2: Number of Medline publications and NIHaawds by geo-location (U.S. only)

Note that only 1,420,816 of the 13,149,741 Medpuélications had an US affiliation. Out of those,

only 1,036,865 had zip codes. There were 13,188uaniip codes and 10,450 of those could be
geolocated. As for NIH, 971,754 main awardees hdstate pairs that were used to identify 1,986
unigue geolocations. Fig. 2 shows that major fugdamd publication patterns are concentrated in
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urban areas where research centers, such as utmegenesearch labs, hospitals, etc., are moragro
to exist.

Topic Coveragelnterested to see the topic coverage of diffedatasets, we tried to identify the
number of journals that the different publicatioatabases cover. In particular, we ran a query that
matched Medline journals and JCR journals basel$8N numbers. However, there were only 3,547
matches. This is partially due to the fact thatfjals can have multiple ISSN numbers and Medline
and Thomson Scientific data might not use the sanss. Matching based on journal names is even
more difficult, because abbreviations and omissidiffer among the databases under consideration.
Medline covers 6,991 unigue journals and JCR h2&7unique journals from 1994 to 2004.

Discussion and Future Work

The Scholarly Database addresses a central nedbefdarge-scale study of science: access to high
quality, centralized, comprehensive scholarly dggasThe value and quality of this database will
depend on its adoption by the community. The mohelars and practitioners use it, the more likely i

is that missing records or links will be discover@dportant datasets will be integrated, the best
(author/institution/country/geo-code) unificatioly@ithms can be applied, and research studies are
conducted, replicated, and verified.

The rate of adoption will greatly depend on thditytand usability of the SDB. Hence, future work
aims to make the SDB easier to use and easier teneéy adding new datasets and services.
Concurrent to the work being done on the Open Amrhinitiative (OAl) (Bekaert & Sompel, 2006),
we are working on an internal metadata framewogt thill encompass common relations between
various scholarly datasets. This metadata framewdliease schema matching between datasets. Our
solution will incorporate, where possible, any présting metadata descriptions from the OAI and
other standards. In order to provide reliable aztesion-proprietary data, the Scholarly Database h
been designed for easy mirroring in geographiddibyinct locations. All software used is open seurc
and the database setup is documented in detak®iastallation.

We expect to serve ten major datasets by summef 208bout 20 million records. Plus, the open
access parts of the database will be made avaflableformation science research in database desig
data integration, data provenance, data analyats, mining, data visualization, and interface desig
This will require close collaboration with many easchers, practitioners, and dataset providers. In
return, we expect to gain access to more sophisticdata harvesting, preservation, integration,
analysis, and management algorithms that are uygergeded to improve data access and
management tools for scholars, practitioners, patiekers, and society at large.
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