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The Workshop on Exact Matching Methodologies
was held on May 9-10, 1985, at the Rosslyn
Westpark Hotel in Arlington, Virginia. The
conference grew out of the efforts of the
Matching Group, Administrative Records
Subcommittee, of the Federal Committee on
Statistical Methodology. It was co-sponsored
with the Washington Statistical Society. This
volume contains the papers from that event.

The current volume, Record Linkage Technigues
-- 1985, is more than just a proceedings of the
May conference. It is intended to serve as a
handbook on modern matching theory, as well as
to report on the current state of the art. For
this reason, not only were the papers from the
Workshop included here, but extensive background
material and bibliographic citations have also
been added.

Contents. -- The format for this volume
essentially follows that of the Workshop agenda,
with several sections added to help round out
the actual presentations. The collection begins
with an Introduction, which summarizes the
objectives of the Matching Group in conducting a
Workshop of this sort. It also proposes some
recommendations for the statistical community to
consider with regard to the future of exact
matching. (This latter portion is based on
comments made by the participants during and
after the Workshop.)

The rest of the volume is set up as follows:

o Section 1 provides selected background
material, which lays the historical
groundwork for current methodological
thought, Some of these papers were
distributed at the conference, but they
were not presented as part of the
agenda.

o Section Il begins the program for the
Workshop. This contains three papers
presented at the Opening Session, to
introduce the theory and provide an
overview of matching applications. A
fourth (contributed) paper, describing
the present state of general methodo-
logical issues, is also included.

o Section 111 focuses on current theory and
practice. It 1is comprised of three
invited papers and their resulting
discussions, as well as two related
contributed papers.

o Sections IV and V follow with papers
which describe recent application case
studies. Once again, two relevant papers
have been added to the six invited papers
and their discussions presented at the
conference.
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o Finally, Section VI deals with computer
software for exact matching. It provides
the papers presented during the last
portion of the Workshop.

The volume also contains two appendices:

0  Appendix A consists of selected
bibliographies of exact matching
methodologies and applications. Five

separate collections of references are
provided, each with a slightly different
orientation,

o Appendix B concludes the volume with
information specific to the workshop,

itself -- the agenda, the 1list of
attendees, and the 1ist of sponsors.
Copy Preparation. -- The contents of the papers

included here are the responsibility of the
authors. With the exception of previously
published background papers, which were simply
reproduced as is, all of the papers in this
volume underwent only a limited peer review
process. Each paper was read by at least one
person familiar with the subject matter. It
should be noted, however, that reviewers were
instructed to focus on editorial concerns and
gross factual problems. Since this did not
constitute a formal referee process, authors
were also encouraged to obtain their own
technical review. Corrections and changes were
either made by the authors themselves or cleared
through them by the editors. Final layout of
the papers was done by the editorial staff, with
minor changes of a cosmetic nature considered
the prerogative of the editors,
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INTRODUCTION

In June 1984  the Administrative Pecords
Subcommittee recommended to the Federal Commit-
tee on Statistical Methodology that a subcom-
mittee be set up to explore integration of
surveys and administrative records. The result
was the creation of a Matching Group, whose
initial (ambitious) goals were to examine policy
strategies in conducting data linkages; Took at
such methodological issues as measurability of
matching and analysis of statistical techniaues
in view of matching errors; and study previous
linkage studies for suggestion of possible
alternative approaches to matching problems.
Both population-based linkages and establishment
matches were of interest.

The Matching Group began by reviewing the
available literature on exact matching. It soon
became apparent that some gaps in knowledge
existed that perhaps could be addressed by a
workshop conducted by experts currently working
in that field. Thus was born the Workshop on
Exact Matching Methodologies.

The Workshop was designed to balance the
disparate interests of the many different people
involved in exact matching: statisticians,
research analysts, and computer programmers.
Subject matter interests ranged from the
epidemiologists' concerns about person-matches
to occupation and mortality data, to economists’
desires to create estimates based on establish-
ment linkages. As such, the Workshop was viewed
as a means of summarizing the work done on
matching over the past ten to fifteen years,
filling in some of the holes we had discovered,
and drawing this more current information
together in one place -- this volume -- for use
as a ready resource aid by the statistical
cormunity and 1its users. The conference was
also seen as a means of building a network of
people interested in matching, with a view
towards establishing a more coordinated approach
to future policy and research efforts.

The Workshop

The Workshop drew 140 registrants from both
the U.S. and Canada, representing 47 different
agencies, universities, and businesses -- a very
sizable segment of the major contributors to the
field of exact matching today. Mot surpris-
ingly, well over half of those who attended
represented Federal agencies; most notably, the
Bureau of the Census, Internal Revenue Service,
Social Security Administration, Energy Infor-

mation Administration, and the Bureau of Labor
Statistics. Furthermore, about half of those
who came expressed primary interest in appli-
cation issues. The remainder were about equally
divided between statistical theory and computa-
tional developments.

Workshop Results

In addition to the interactions which took
place at the Workshop, there were also several
important tangible products which resulted from
that effort. First, based on discussions at the
Workshop and subseguent correspondence, some
recommendations for next steps in exact matching
were developed. These were summarized by the
Matching Group and appear following this Intro-
duction. Next, selected papers representing the
historical development of modern matching
methodological thought were assembled. These
have been represented here in Section I. Then,
in Sections II through VI, presentations from
the Workshop and a few additional related papers
are provided. Their inclusion is intended to
document the current state of exact matching
methodology, application and computer software
development.

Finally, extensive efforts were made to
develop a comprehensive bibliography of exact
matching literature. What resulted was a
collection of five separate reference 1lists,
each slightly different in orientation. These
are provided in Appendix A. Also, along similar
lines, the Matching Group developed a special
software package containing a menu-prompt
Tibrary of information on recent exact matching
studies. This effort was dubbed Project LINK-
LINK and is described in Section VI of this
volume.

One of the most qimpoertant outgrowths of the
Workshop, however, was that it provided a long
overdue forum for persons working in the area of
exact data 1linkage. It not only sparked new
interest in matching, but provided an atmosphere
where participants could interact on a more
personal basis -- a very important factor which,
in the past, has been lacking, resulting in un-
necessary duplication of effort in some
cases. If nothing else, the Workshop has served
its purpose if it acts as a catalyst for
initiating more concerted efforts with regard to
matching policy, methodological development and
application. It was with this aim in mind that
the Matching Group assembled the Recommendations
which follow.



RECOMMENDATIONS

rive recommendations are provided here from
the Matching Group, Administrative Records Sub-
committee, Federal Committee on Statistical
Methodology. The first recommendation calls for
the establishment of a continuing interagency
working group on record linkage systems and
techniques: such a working group would be
expected to play a significant role in imple-
menting recommendations 2 through 5. The second
recommendation calls for careful monitoring of
external developments that might affect the
prospects for undertaking record linkages for
statistical purposes. Recommendations 3, 4 and
5 identify specific aspects of record linkage
systems and technigues that deserve special
emphasis in future research, development and
evaluation activities. The five recommendations
are:

1. Documentation should be improved and
information on record Tinkage systems and
techniques should be shared.

It is recommended that the Matching Group
of the Administrative Records Subcommittee
be reconstituted as a Technical Working
Group on Record Linkage Systems and
Techniques, continuing to function under
the auspices of the Federal Committee on
Statistical Methodology. The main goal of
the Working Group would be to promote the
effective use of record linkage techniques
for statistical purposes by encouraging the
documentation of individual record linkage
systems and techniques and the sharing of
relevant technical information. A primary
activity would be sponsorship and
organization of workshops and meetings of
professional societies to discuss relevant
new developments and research, and to
disseminate information on existing systems

and techniques. In addition, the
reconstituted working group would
contribute, in appropriate ways, to the

implementation of recommendations 2 through
5 below.,

2. Changes in the external environment for
record 1inkages should be monitored.
Statistical users of record linkage
techniques should track external devel-
opments that may influence their ability to
perform record linkages. Such developments
include changes in laws, regulations and
policies affecting access to records and
changes in the content of data files used
in record linkages. Examples of the latter
would include increased use of four-digit
ZIP code add-ons ("ZIP + 4") and steps

taken to promote the wuse of unique
addresses in rural areas. In so far as
possible, statistical users of record
linkage techniques, working through the

reconstituted Working Group (see recommend-
ation 1), should attempt to influence the

course of these developments in ways that
will facilitate statistical applications.
For example, the Working Group might try to
promote the development of standards for
reporting names and addresses of both busi-
nesses and individuals,

Comparative evaluation studies of record
Tinkage systems shouTd be undertaken.

Several agencies of the United States and
Canadian governments have invested
substantial resources in the development of
automated record linkage systems for use in
a variety of statistical programs. For
many new applications, use of an existing
system is 1ikely to be more cost-effective
than development of a new one. To aid
potential users of record linkage systems,
it is recommended that resources be sought
for comparative evaluations of existing
systems and some of their components, such

as name and address standardizers and
blocking rules. The evaluation design
should recognize that record 1linkage
systems vary in their objectives,

especially with respect to the kinds of
units for which records are to be matched:
persons or businesses. A much-needed first
step is the development of a detailed
evaluation plan that specifies the measures
of quality and cost to be used in the
evaluation and the nature of the files to
be matched. Such evaluations may require
data sets for which true match status is
known. One possibility would be to create
such data sets by simulation.

Research and development aimed at the
improvement of record Tinkage systems and
techniques should give priority to selected

aspects.
Recognizing that resources for the

development of improved record 1linkage
systems are limited, it is recommended that
priority be given to the following aspects:
(1) systems for 1linking business records,
{(2) name and address standardizers, (3)
string comparators, (4) the choice of
blocking strategies, (5) the development of
"learning" systems, and (6) the role of
manual intervention.

Errors associated with record linkages and
their effects on analyses should be
measured,

Tt is recommended that more research be
carried out on the error characteristics of
record linkage systems and on the effects
of errors on analyses performed with the
linked data sets. To enhance the value of
such research, consensus is desirable on
standard measures of record linkage errors
and on methods of measuring them. Prom-
ising error measurement methods include




multiple wmatching techniques and direct
contacts with sampies of 1linked pairs to
determine their true match status.

By design, the principal focus of the Workshop
discussions and followup comments by
participants was on methodological aspects of
record linkages for statistical purposes. Legal
and ethical considerations in such linkages were
not part of the main agenda.

Nevertheless, the Matching Group of the
Administrative Records Subcommittee recognizes
that legal and ethical considerations must be
weighed carefully by any organization that links

records from different sources and that public
perceptions of the appropriateness of various
kinds of record linkages are also of critical
importance. More research in these areas would
also be desirable, addressing, in particular:
{1} public understanding of and attitudes toward
Tinkages performed for statistical and other
purposes; (2) survey respondents' comprehension
of informed consent statements currently being
used, especially when such statements cover
linkages of survey data and administrative
records; and (3) the effects on survey response
of varying the amount and kinds of information
included 1in informed consent statements to
respondents.
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