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Abstract

Data linkage, the process of identifying records that refer to the same entities across databases, is
a crucial component of Population Data Science. Data linkage has a history going back over fifty
years with many different methods and techniques being developed in various disciplines including
computer science, statistics, and health informatics. Data linkage researchers and practitioners
are commonly only familiar with methods and techniques that have been developed or are used in
their own discipline, and they often only follow research that is being published at venues in their
own discipline. There is currently no single online resource that allows data linkage researchers
and practitioners across different disciplines to exchange ideas, post questions, or advertise new
publications, software, open positions, or upcoming conferences and workshops. This leads to a
communication gap in the multi-disciplinary field of data linkage. We aim to address this gap with
the DLforum, a public online discussion forum for data linkage. DLforum contains several discussion
areas, including publication announcements, resources (software and datasets), information about
upcoming conferences and workshops, job opportunities, and general questions related to data
linkage. The forum includes a moderation process where all registered users can post content and
reply to posts by other users. We anticipate that the number of users registered and the amount
of content posted in the forum will show that such an online forum is of value to data linkage
researchers and practitioners from different disciplines to effectively communicate and exchange
their knowledge, and thus form an online community of practice. In this paper we describe the
methods of developing the DLforum, its structure and content, and our plan on how to evaluate

the forum. The DLforum is freely available at: https://dmm.anu.edu.au/DLforum/

Introduction

Data linkage is the increasingly important topic of how to iden-
tify and link records about entities across several databases
[1,2,3]. The entities to be linked in most application domains
refer to people (such as patients, customers, tax payers, trav-
ellers, and so on), while in other applications entities such
as publications from bibliographic databases [4] or consumer
products (from online shopping sites) need to be linked [5].
Data linkage has a long history going back to Halbert Dunn
[6] who used the term record linkage to describe the idea of
assembling a book of life for individuals. Each such book
would start with a birth record and end with a death record,
and in-between would contain marriage and divorce records as
well as records about an individual's contacts with the health
and social security systems. Dunn realised that having such
books for all individuals in a population would provide a wealth
of information that would allow improved national statistics,
better planning of services, and facilitate research studies in
various domains. Over the past six decades much research and
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development has been conducted in the area of data linkage,
notably the work by Newcombe and colleagues in the 1950s
and 1960s [7,8] on computer-based linkage which was followed
by the seminal work by Ivan Fellegi and Alan Sunter on prob-
abilistic record linkage [9]. Their approach is still the basis of
many current data linkage systems used in practice.

In more recent times, with the advent of increasingly large
databases being collected by businesses and governments [10],
and research in various disciplines becoming increasingly data-
oriented, novel methods and techniques for data linkage have
been developed in a variety of disciplines, especially in the sta-
tistical and computing sciences (see, for example, Herzog et
al. [3], Christen [1], and Dong and Srivastava [10]). While
applications of data linkage in different disciplines have to deal
with specific challenges, overall most data linkage applications
encounter the following three main challenges [1]:

1. Data quality, because often no unique entity identi-
fiers (such as person identifiers) are available in all the
databases to be linked. Therefore quasi-identifying fields
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or attributes (such as names, addresses, and dates of
birth) need to be used for the linkage. However, the
values in these fields can contain errors and variations,
be out-of-date, or be missing.

2. Scalability to linking larger databases as well as linking
data from an increasing number of data sources, because
the amount of data being collected is steadily increasing.
Additionally, advanced population studies often require
information from diverse organisations to be linked to
investigate today’s complex challenges [11].

3. Privacy and confidentiality, because the data to be
linked is commonly about people alive today, and the
growing concern by the public about the use of their
personal information limits how sensitive personal data
can be linked across organisations (see, for example, Hall
and Fienberg [12] and Vatsalan et al. [13]).

While the challenges of conducting data linkage are sim-
ilar across disciplines (including computer science, statistics,
and the health and social sciences) and application areas (in
both the private and public sectors), different solutions have
been and are being developed to tackle these challenges. Re-
searchers in one discipline are often not aware of solutions to
their problems that have been developed in other disciplines.
This can lead to the re-development (and re-publication) of
similar ideas in different disciplines. The wide range of re-
search and application areas of data linkage is illustrated by
the breadth of three recently published books on this topic:
Herzog et al. [3] address data linkage from a statistical per-
spective, Christen [1] mostly covers advances in data linkage
from computer science, and the edited book by Harron et al.
[2] includes authors from national statistics, the social and
health sciences, as well as computer science. The lack of ex-
change of ideas, methods and techniques, and best practice
approaches across disciplines, hampers the use of data link-
age in many applications and potentially leads to non-optimal
outcomes of data linkage projects.

The International Population Data Linkage Network
(IPDLN, http://www.ipdln.org) and its bi-annual confer-
ences, and the new International Journal of Population Data
Science (IJPDS, https://ijpds.org), are fantastic oppor-
tunities to bring researchers and practitioners working in data
linkage together. However, what is currently missing is an on-
line resource that allows more interactive ongoing discussions
as well as announcements of any new advances in the field of
data linkage.

The idea of an online forum for data linkage grew out
of discussions at the workshop “Data Linkage: Techniques,
Challenges, and Applications” (https://www.newton.ac.
uk/event/dlaw02 ), held in September 2016 at the Isaac
Newton Institute for Mathematical Sciences at the University
of Cambridge as part of the “Data Linkage and Anonymi-
sation” programme (https://www.newton.ac.uk/event/
dla). Researchers and practitioners who attended the work-
shop, with a diverse background including public health, gov-
ernment services, the social sciences, as well as from busi-
nesses, highlighted that interaction across the disciplines is
highly important to facilitate cross-disciplinary learning and
to tackle the big challenges of data linkage. The workshop
discussions identified that having mechanisms in place that

allow ongoing interactions between researchers and practition-
ers from various disciplines and application areas will help the
different disciplines relevant to data linkage to coalesce.

Online forums, which are also known as message, bulletin
or discussion boards, have been popular since the early days of
the Internet. Today, online forums are used very widely, rang-
ing from companies that use such forums for customer support
(for examples see: https://www.phpbb.com/showcase),
universities that employ them to support online learning [14]
as well as counselling [15], and communities of interest that
use them to encourage communication among their members
(see for example: https://www.kaggle.com/discussion).
Pendry and Salvatore [16] have recently studied the use of
online forums and found that engagement in such forums can
lead to benefits for both individuals and a community, and also
lead to improved off-line engagement because it allows users
to better identify with other users as well as the community
that is served by an online forum. Based on these findings,
our hope is for the DLforum to be able to fill the current gap
of online resources for the multi-disciplinary data linkage com-
munity and facilitate improved communication and knowledge
dissemination within and across disciplines. We describe the
DLforum in detail in the following section.

Methods

As described above, an online discussion forum needs to al-
low users to access and post content in an efficient and
easy to use way. Before starting the development process
we investigated the applicability of different Internet forum
software systems. In our investigations we considered sev-
eral features such as open source availability, programming
language, licensing, continued development, and the avail-
ability of extensions (plugins that facilitate for example im-
proved security or statistical evaluation of a forum's usage).
Based on these features we selected the widely used open
source discussion forum software phpBB (freely available from:
http://www.phpbb.com), where phpBB stands for PHP Bul-
letin Board. PHP is a popular programming language espe-
cially suited for Web development.

We selected phpBB because of several reasons. This
software facilitates the easy development of online discus-
sion forums, including the management of users and messages
posted. phpBB provides hierarchical sub-forums with a flat
message structure which allows users to initiate new topics
and respond to previous posts by other users. phpBB also
provides extensive user management functionalities which al-
low administrators to implement various security features and
techniques to avoid automatic registrations by spammers or
malicious users. The software also allows administrators to
control and monitor postings by users by providing different
authorisation mechanisms. These measures improve the over-
all security of the forum and the privacy of the legitimate
registered users. phpBB has been developed since the early
2000s and is one of the most widely used free bulletin board
software available. It is used by thousands of Websites and
millions of users on a daily basis. The development of ph-
pBB is an on-going effort where the software is continuously
updated and improved by a community of developers.
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Figure 1: Main page of the DLforum showing the five main forum areas

DLforum

Announce or discuss anything related to data linkage (record linkage, entity resolution, data matching, deduplication)
This forum is maintained by the Data Mining and Matching group at the Australian National University.
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This forum is to announce any events and journal issues relevant to the topic of data linkage.
Publicatl t 8 9 New journal: International J...
This forum is to announce new publications that are relevant to the topic of data linkage. by pchristen [

21 Apr 2017, 07:46

Resource (software, data sets, etc) announcements
This forum is to announce resources (such as software or data sets) related to data linkage.
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] 3 DuDe duplicate detection fram...
by felix.naumann [
19 Jan 2017, 05:59
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graduate students.

This forum is to announce any avaiable jobs or internships related to data linkage, as well as available places and scholarships for by pchristen [

1 1 Post-doc in privacy-preservin...

07 Mar 2017, 13:07

The current structure of the DLforum is based on discus-
sions with data linkage practitioners and researchers, including
discussions at the workshop “Data Linkage: Techniques, Chal-
lenges, and Applications” in Cambridge in September 2016,
and by inspecting online forums in related areas such as the
Kaggle discussion forums (see: https://www.kaggle.com/
discussion). Kaggle is a data science competition Website,
where datasets provided by companies, governments, and not-
for-profit organisations are being analysed by volunteers in a
competitive manner. Kaggle provides a system to conduct
data science competitions, and has helped to connect organi-
sations with specific problems and tasks with a large commu-
nity of students and volunteer data scientists who are keen to
solve such real-world data science problems. The winners of
such competitions, those that for example are able to develop
predictive machine learning algorithms with the highest accu-
racy for a given task, are being awarded financial rewards or
job opportunities. The Kaggle Website contains a highly active
forum where competitions and general data science topics are
intensively discussed. The number of topics and discussions
on Kaggle is over 30,000. With this inspiration, we developed
the DLforum to serve the data linkage community.

Figure 1 shows the current structure of the DLforum, which
was set to contain five high-level topic areas (discussion areas),
as described in detail below. Depending upon future demand
by the data linkage community, changes to these areas as well
as additional main level topic areas can easily be incorporated
into the DLforum.

1. General questions and discussions: In this area, users
are invited to post any questions related to data linkage,
ranging from technical and methodological to practical
questions. Users are encouraged to provide answers to
any questions, and we hope that over time there will

be certain discussion threads that lead to collaborations
across disciplines to tackle common problems and chal-
lenges in data linkage.

Conference, workshop and journal announcements:
Here we encourage the organisers of any event relevant
to data linkage to announce their events (such as calls
for paper submissions to workshops, conferences or jour-
nals, or the actual programs of events). Over time this
will hopefully lead to a one-stop site where researchers
and practitioners can find venues that are relevant to
data linkage. Special journal issues relevant to data link-
age are also highly encouraged to be announced in this
forum.

Publication announcements: Publications relevant to
any aspect of data linkage can be announced in this area,
with links provided to the actual publication to facilitate
access to the work by the data linkage community. The
nature of the discussion forum also allows users to post
questions and comments on publications, such as query-
ing details of a publication or enquiring if a dataset used
in a publication is available to other researchers. Figure
2 shows a list of such publication announcements.

Resource announcements: An important aspect of a
practical research area such as data linkage is the shar-
ing of resources such as test datasets and software. It is
currently the case that data linkage researchers and prac-
titioners might have datasets they need to have linked
but they lack the technical expertise or software to link
these datasets (as might be the case for health or social
science researchers). On the other hand, researchers in
statistics and computer science might have developed
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Figure 2: Publication announcements forum area showing several individual posts.

DLforum

Announce or discuss anything related to data linkage (record linkage, entity resclution, data matching, deduplication)
This forum is maintained by the Data Mining and Matching group at the Australian National University
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novel data linkage algorithms and/or software but they
commonly do not have access to real datasets to test
them on. This discussion board aims to connect these
often disparate groups.

5. Jobs, internships, graduate student places and
scholarships: This final area is for announcements of
any opportunities for employment and student support,
but also for students who are seeking a job placement
in data linkage.

As illustrated in Figure 2, each of these topic areas brings
the visitor to a Web page which shows the posts (announce-
ments and discussions) in the given area. Users can sort these
posts in different order, search for content of interest, and se-
lect posts to view their actual details, as can be seen in Figure
3. If they have registered with the DLforum (as discussed be-
low), they can reply to posts, and also send private messages
to the user who has written a certain post.

The phpBB software provides users with various settings
with regard to how much information about them is made vis-
ible on the forum, who can contact them, and so on, thus
providing privacy and confidentiality to users. phpBB also has
a variety of settings available that allow registered users to
customise how they see messages and if they want to receive
notifications when new messages are posted in a certain forum,
or replies are added to one of their own posts.

While accessing and reading any of the messages in the
DLforum is open to anyone, users who are interested in post-
ing messages to the DLforum are required to register. This is
free and required to eliminate the possible abuse of the DLfo-
rum by individuals and automatic systems that aim to spam

Mark topics read « 5 topics + Page 1 of 1

public forums with abusive or otherwise non-relevant content.
A request for signing up to the DLforum will be vetted by one
of the moderators of the forum, and if required an email con-
firmation will be sought from a new user. However, registering
with DLforum and any posting of messages on the DLforum
is free. Posts will be inspected on a regular basis by the mod-
erators, and any inappropriate post will be deleted and the
corresponding author reminded of the appropriate use of the
forum.

Currently, the DLforum is monitored by several moder-
ators from the Australian National University who approve
new users and assess the content published in the system.
If needed additional moderators will be sought from the data
linkage community. The DLforum has received approval from
the appropriate IT Services and management at the Australia
National University, where the DLforum is currently hosted.

We invite the interested reader to explore the DLforum at:
https://dmm.anu.edu.au/DLforum/

Discussion and Conclusion

In this article we have presented the DLforum, a free online
forum (and bulletin board) that we hope will provide a multi-
disciplinary platform for data linkage researchers and practi-
tioners to interact with each other and importantly across
disciplines. Our aim with the DLforum is to provide a sin-
gle unifying website for all matters concerning data linkage,
to allow the different data linkage related communities to co-
alesce, for individuals to learn about advances and events in
other areas of data linkage, and find open positions in industry,
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Figure 3: An individual example post announcing the [JPDS.

DLforum

Announce or discuss anything related to data linkage (record linkage, entity resolution, data matching, deduplication)
This forum is maintained by the Data Mining and Matching group at the Australian National University.
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The first issue is dedicated to the proceedings of the IPDLN conference held in Swansea. Wales, in August 2016.

Introducing IJPDS

IJPDS is an electronic, open access, peer-reviewed jounal focussing on the science pertaining to population data. It publishes articles on all
aspects of research, development and evaluation connected with data about people and populations. These include: technological advances in data
storage and management; architectures and infrastructures; legal and regulatory issues; ethical, legal and societal implications (ELSI); privacy-
protection methodologies; data and linkage quality: analytical advances; accessing distributed data; linking to emerging/complex data types; using
big data; outcomes-based research; epidemiology; service and policy evaluations; public involvement and engagement; capacity building; and

delivering and measuring impact.

The creation of the LIPDS was inspired by the International Population Data Linkage Network (IPDLN, hitps://www.ipdin.org’). The journal has a
regular section for topics of particular interest to the IPDLN sub-edited by the Director(s) of the network.
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government or academia, and for students to find interesting
challenges as well as support for their open research questions.
We believe the DLforum addresses the current gap of online re-
sources for the multi-disciplinary data linkage community and
helps to improve communication and knowledge dissemination
and thereby create an online community of practice.

So far, the DLforum has only been advertised to a small
number of test users, and therefore it only contains a small
number of posts. We hope with the publication of this IJPDS
article there will be a larger uptake of the DLforum by data
linkage practitioners and researchers. We plan to analyse and
evaluate the usage of the forum as the number of registered
users, as well as the number of topics posted and replies to
posts, increases over time. We also plan to survey the DL-
forum user-base at some stage in the future (once we have
reached a critical number of users) to gather feedback on how
the DLforum can be improved (with additional high level topic
areas, new functionalities and features, and so on). We aim to
further promote the DLforum to the data linkage community
in future conferences and workshops.

We encourage all readers of the IJPDS with an interest in
data linkage to sign up to the DLforum, to post any relevant
news to the forum, to participate in discussions on the forum,
and to advertise the forum to their colleagues and students
who might be interested in data linkage. Our hope is that the
DLforum over time will become the main online resource for
data linkage researchers and practitioners to disseminate, ex-
change, and obtain information about advances in this exciting
and crucial topic in population data science.

1 post - Page 1 of 1
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