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Identification of Scholarly Papers and Authors by Connecting Databases
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ABSTRACT:Repositories are being popular as places for publication of research outputs. To make more efficient use of
scholarly information on the internet, repositories are required to cooperate with other databases. One of the essential
processes of the cooperation is identification of scholarly papers and their authors. The straightforward approach is
string matching of the title and authors’ name, however this approach cannot always solve the difficulties by basic clerical
errors and same names. This paper proposes a method to compensate for the inaccuracy of the identification by connecting
different databases. The main idea of the method is that different metadata of a scholarly paper is linked by the authors
themselves, therefore the correspondence is guaranteed by the authors.
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1. Introduction

The number of digital contents on the internet is rapidly increasing. Especially, for scholarly information, electronic journals
and repositories [12] are being popular as places for publication of research outputs. The metadata of a scholarly paper (that
is, the information about the title, the author(s), and so on) is usually archived in plural databases severally, and therefore the
metadata has some variations. For some papers, in addition to the metadata, the full-text is archived in plural databases and
it has some versions such as the published version and pre-/post-print. The scholarly papers should be organized to make
more ef- cient use for the users of the information.

In order to organize scholarly papers, it is not practical that an authority should manage all the papers. A feasible solution is
cooperation of databases and advanced search functions thereby. For the solution, we have to make clear the relation on
scholarly papers. The rst step is \identication of scholarly papers”, that is, to link the variations of the metadata of each paper.
The versions of each paper can be managed by  processing this step in detail. As the second step, one of the simplest
organizations is classication with respect respect to the authors. The classication requires \identi cation of authors”. As the
result of these identications, the metadata should have IDs which correspond to real papers and authors, respectively.
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The straightforward approach of the identication of scholarly papers and authors is string matching [10] by the title and the
authors’ name. Some variations of the title can be identied by approximate string matching [11]. As for authors, the accuracy
can be improved by matching of extra information such as he aliation. However, this approach cannot always solve the
diculties by basic clerical errors and same names. If we have enough data for the identication, machine learning and rule
based approach such as [4] are possible solutions. Another approach of a dierent quality is conrmation by the authors
themselves. For example, the problems are solved by adding unied IDs for scholarly papers (such as DOI) and authors (such
as the ID for membership of an association) to the metadata when the paper is registered. However, it is dicult to popularize
unied IDs in advance, and moreover this solution cannot be applied to the papers which are already archived. The main idea
of our solution is that the conrmation by the authors is realized by a cooperation of databases.

In this paper, we are trying to solve two problems in practical systems as a case study. Kyushu University has the researcher
database DHJS (Kyushu University Academic Sta Educational and Research Activities Database, \Daigaku Hyoka Joho
System” in Japanese) [1] and the repository QIR (Kyu(Q)shu University Institutional Repository) [2]. One of the problems we
tackle is about identication of scholarly papers. DHJS has the metadata of scholarly papers which are produced by the
researchers in the university. The number of the registered metadata is about 86,000 as of June 2011, however it is estimated
that at most about 20% are duplicate data. The other problem is about identication of authors. In QIR, a search of an author
is operated by the naive string matching on the metadata, therefore the search cannot recognize any same name. The
previous problems are solved by the following cooperation of the systems. By connecting the metadata in DHJS to the full-
text in QIR,

• The rst problem is solved since the identication of any paper is operated in QIR by handwork,

• The second problem is solved since a user authentication is required in DHJS for registration of metadata.

The number of the institutions who have own repository in the world is about 2,300 as of August 2011 [3], and most of the
institutions are considered to have the same problem. In this paper, the situation of the practical systems in Kyushu
University are shown in detail, and the problem and its solution are described formally. Therefore, the proposed idea is
applicable to other institutions.

2. Problem

This section describes the current situation of two databases, DHJS and QIR, and then formalize the problems we tackle.

2.1 DHJS
DHJS is the researcher database of Kyushu University. DHJS has various kinds of data about the researchers in the
university, for example, the posts, their research interests, and the scholarly papers they produced. The number of the
researchers in the university is about 2,100 as of April 2011, and any researcher has a duty to register their research activities
includes the metadata of scholarly papers into DHJS. DHJS consists of the two subsystems, the data-entry system and the
viewer system. The data-entry system supports researchers to register their research activities to DHJS and equips a user
(that is, a researcher) identification by a password. The viewer system shows the research activities registered in DHJS by the
data-entry system. Figure. 1 is an example of the list of the metadata of scholarly papers shown on DHJS. The icons in the
figure are mentioned in the following section.

The number of the metadata of papers registered in DHJS is about 86,000 as of January 2011. If a paper was written by plural
authors in Kyushu University, the metadata of the paper might be registered by each authors severally. We practically
estimated the ratio of the duplicate data in DHJS by calculating the edit distance [13] between the titles of the papers. Figure.
2 is the result of the calculation for a department with about 15,000 pieces of metadata. The horizontal axis shows the number
of pairs and the vertical axis the edit distance which is formalized by the length of the longer title. The number of the pairs
whose edit distance is less than 0.1 is about 3,000, that is, the number of the duplicate data is at most about 3,000 (and 1,500
if we assume that 4 pieces of metadata are registered for a single paper on average)1. Therefore, at most about 20% of the
metadata are estimated to be duplicate. There was no signicant dierence of the ratio for every departments. By identication
of the duplicate data, we can make more ecient use of the database, for example, we should be able to refer coauthors’ data in
DHJS from the metadata.

2.2 QIR
QIR is the institutional repository operated by Kyushu University Library. In general, institutional repository archives the
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Figure 1. The Web image of the list of scholarly papers in DHJS

Figure 2. The edit distances between the all possible pairs of the
14,599 titles in DHJS for a department, where the horizontal axis shows
the number of pairs and the vertical axis the edit distance which is
formalized by the length of the longer title

full-text of each paper in addition to its metadata. The total number of the items (papers, slides, and so on) in QIR is about
17,000 as of August 2011. The registration of items to QIR are operated by sta in Kyushu University Library, and therefore
the coniction of items are checked by handwork at the time. Figure. 3 is an example of the metadata of an item in QIR. The name
of each author is linked to the prole page of the author, however the page is just the result of the naive string matching of the
name for the items in QIR.The problem of the same name cannot be ignored.Actually, in the 2,136 professors (including
associate and assistant ones) of Kyushu University, there exist

• 10 pairs (20 persons) of the same given name and family name.

1The number of the duplicate data is dened to be the gap between the number of the metadata and the number of the distinct
papers. If we assume that the duplicate data is made by n authors for each paper, then nC2 pairs are counted for each paper
and the number of the duplicate data is n 1 for each paper. Therefore, the number of the duplicate data is 2m=n for the number
m of the counted pairs.
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• 186 groups (488 persons) of the same initial of the given name and family name (for example, there exist 5 researchers of
name “M. Tanaka”)

• 352 groups (1,255 persons) of the same family name (for example, there exist 22 researchers of name “Tanaka”).

Moreover, in addition to the professors in Kyushu University, a lot of students and researchers in other institutions are
included as co-authors of the papers in QIR.

Figure 3. The Web image of the metadata of an item in QIR

2.3 Formalization
The problems in the previous subsections are formalized.Since we are focusing on scholarly papers and their authors, we
consider the set P of the real scholarly papers and the set A of the real authors. We define the metadata of a scholarly paper
to be a pair of a string (the title) and a non-empty set of strings (the author). The problems are dened to be, for a given set M
of metadata, to nd the functions f : M P and g : M 2A which represent the correspondence of the metadata to real papers
and authors, respectively. In other words, it is to put indexes in P and A on the title and the author of each metadata.

In this paper, the input sets of metadata are MD and MQ for the metadata in DHJS and QIR, respectively. Then, the following
assumptions are given for the problem by the current situations in the previous subsections. As mentioned in Subsection 2.1,
the metadata in DHJS are registered by one of the authors and the registration requires a user authentication. Therefore, it can
be regarded that we have the function g1 : MD A such that g1(d) g(d) for any d MD. As to Subsection 2.2, the
correspondence between the metadata in QIR and the full-text is guaranteed by the check of the sta in the Library. Therefore,
we have the function f1 : MQ P such that f1(q) = f (q) for any q  MQ.

3. Solution

3.1 Main Idea
The main idea of our solution is, in terms of the formalization in Subsection 2.3, to nd the function h : MD MQ which satises
the following conditions:

1. f1(h(d)) = f(d) for any d MD,

2. g1(h
-1(q)) = g(q) for any q MQ, and
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3. g(q) = g(d) for any q  MQ and any d h-1(q),

where h-1(q) = {d  MD | h(d) = q} and g1(S) = {g1(s) | s S}  for a set S MD. This situation is illustrated in Figure. 4. In this
example, P = {p1, p2}, A ={a1, a2, a3}, MQ = {q1, q2}, and MD = {d1, d2, d3}, and then the functions f  and g are as the following
table.

x           q1              q2          d1              d2               d3

f(x)        p1             p2              p1             p2               p2

g(x)     {a1}    { a2, a3}    {a1}       {a2, a3}        {a2, a3}

As the assumptions, we have the functions f1 and g1 such that f1(qi) = pi for i = 1,2 and g1(di ) = ai for i = 1, 2,3 (the left-hand
in Figure. 4). Then, h should be h (d1) = q1, h (d2) = q2, and h (d3) = q2. For the conditions 1 and 2, by the h we have h-1 f1 and
h1 g1 such that h f1(d1) = p1, h f1(d2) = p2, h f1(d3) = p2, h

-1 g1(q1) = {a1}, and h1 g1(q2) = {a2, a3}. Additionally, for
the condition 3, we have hο h-1 g1 such that h

ο

h-1 g1(d1) = {a1}, h h-1 g1(d2) = {a2, a3}, and h h-1 g1(d3) = {a2,a3}.

In the sense of the practical system, the condition 1 is clearly satisfied by linking the metadata of a paper in DHJS to the
metadata of the paper in QIR. The condition 2 is satised by the previous link if any author of the papers in QIR register the
metadata of the papers. It is also clear that the condition 3 is satised by the link since the author(s) of a paper in DHJS is same
as the paper in QIR.

3.2 Implementation
We have already developed a system which links the metadata in DHJS to the full-text in QIR [7, 9]. In Figure. 1, the dark
colored icon “FulltextQIR” is connected to the corresponding full-text in QIR. Researchers put icons on the list in the data-
entry system of  DHJS, and link them to the full-text by themselves. ( The other light-colored icon “SearchQIR” means that the
metadata is not linked yet.) Therefore, the correspondence between the metadata in DHJS and the metadata in QIR is
guaranteed by a check of the author instead of string matching. Namely, the function h can be realized by this link system.

The following is the outline of the implementation.The ID of any paper in QIR is attached to the metadata in DHJS by this link,
which realizes the condition 1. Additionally, since the metadata in DHJS has the ID of the author who registered the metadata,
we can put the ID to the corresponding metadata in QIR by the link, which realizes the condition 2. By returning the author
IDs from QIR to DHJS after the IDs for all the authors are attached, also the metadata in DHJS can have the IDs of the authors,
which is for the condition 3.

A problem in the implementation is about the dataflow between the databases. At the second phase in the outline, the ID of
the author is sent from DHJS to QIR. However, the ID has to be returned from QIR to DHJS at the third phase. In general, such
circulation of data is not suitable for managing databases. A precise policy should be defined for this dataflow.

3.3 Consideration
We are observing the number of the links in the developed system. As of June 2011, the number of metadata in DHJS is 86,255,
and the number of the metadata which are linked to the full-text in QIR is 446. Hence the ratio of the linked metadata in DHJS
is only 0.5 %. The number of the “discrete” full-texts in QIR which are linked from DHJS is 419 (that is, there exist 27 of
duplicated metadata by co-authors). The ratio of the linked full-text in QIR is about 2 %. The number of the researchers who
linked their metadata to the full-text at least one is 58.

To achieve the effectiveness of the system, in addition to the ratios of the linked data in the databases, the basic number of
the full-texts archived in QIR should be increased. For this problem, we are developing a system to encourage researchers to
register their papers to QIR by showing the result of access log analyses in QIR [6, 8]. Additionally, we are also developing
a system which supports registration of scholarly papers to IR for researchers and repository managers [5].

4. Conclusion

A method to compensate for the inaccuracy of identification of scholarly papers and authors on the metadata in separated
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databases was proposed. We formalized the problem in the practical systems and proposed the solution in terms of the
formalization. We also showed the outline of the implementation based on the idea of the proposed solution.

Figure 4. The relation between f1, g1, and h for an example (P, A,MQ ,MD). By h, we can compensate the
relation of the dotted arrows
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