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Abstract:

We developed a record-linkage toolbox in order to
link data provided by survey respondents to in-
dividual work histories. We compare the perfor-
mance of various deterministic record-linkage pro-
cedures for German surnames employing different
string-similarity measures. Edit distance overall per-
formed quite well. The application of this similarity
measures allowed linking 38% of the respondents by
using sex, age and workplace as keys.

1. Introduction

Survey methodologists are often faced with the prob-
lem of linking data reported by survey respondents
with data from other sources. This can be a diffi-
cult task since respondent data are prone to various
kinds of error (memory lapses, spelling and typo-
graphical errors, and so on). Matching these data
to other data is problematic since even small errors
prevent the use of exact-match algorithms. Since
most database and statistical programs offer only
exact-match routines, additional programs must be
employed to perform the matches for data that con-
tains errors. AUTOMATCH was one of the few such
programs commercially available. Since its discon-
tinuation, there has been a dearth of commercial
products that fill this niche, at least of those with
a price affordable for a German university or fed-
eral agency. Even if such a product were available,
it would be difficult to know which string-similarity
measure should be used, since only a few compar-
isons of string-similarity measures have ever been
published in journals. Of course, even fewer com-
parisons have been published for German surnames.
Due to the fact that all known comparisons using
German surnames are based on artificially generated
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errors, not on actual human errors, we decided to
conduct a study comparing various routines. Do-
ing so required us to develop our own record linkage
program.

2. Program development

The program specification resulted in the assign-
ment of subsets of the total task list to three pro-
grams: a pre-processing tool, a deterministic record-
linkage module and a manual editing module.

2.1 Pre-Processing Tool

The purpose of this tool is to transform raw data en-
tered using such programs as Epi-Data into a form
suitable for record linkage. This tool is therefore able
to read such common data-file formats as ASCII-
CSV or Xbase. The tool then writes such data in a
standard format: Since Stata is increasingly used in
academic environments and its file format is openly
published, we decided to use Stata (version 7) as the
internal file format. A further function of the pre-
processing tool is its ability to remove typical but
unnecessary strings (academic titles, nobility or cor-
poration prefixes, numbers, and so forth) and stan-
dardize the spelling of such prefixes as Mc or Mac.
To this end, we have collected a number of differ-
ent prefix lists (for companies, institutions and peo-
ple). The program also allows for the replacement
of German umlauts with usual ASCII codes < 127.
A further issue is the treatment of women’s married
names. Revisions to German marriage laws mean
that double and triple names are now quite com-
mon in Germany. The pre-processing tool therefore
contains an option to parse double and triple names
according to delimiters like dashes or blanks. The
selection of this option creates separate records for
the whole string and each sub-component. Finally,
the program has an option to standardize different
date formats. This module is written in Java to en-
sure portability across many different platforms.

2.2 Deterministic Record-Linkage Module

This module operates on Stata files containing only
preprocessed key variables and identification num-
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bers. The main task of this module is the com-
putation of a wide variety of string-similarity mea-
sures. Currently, the module computes string simi-
larities based on the following measures: bi- and tri-
grams (Ukkonen, 1992); different versions of edit dis-
tances (Ukkonen, 1985) including LCS (Hirschberg,
1977), Jaro’s String Comparator and its variants
(especially the Winkler version (Porter & Win-
kler, 1997)); Soundex (Knuth, 1998) (including Ger-
man variants); Metaphone (Philips, 1990); Double-
Metaphone (Philips, 2000); Phonex (Lait & Ran-
dell, 1996); NYSIIS (Taft, 1970); Guth (Guth,
1976) and Synoname (Borgman & Siegfried, 1992).
Within subgroups formed according to several user
selectable variables (”blocking”), string-similarities
of all possible pairs are computed. The program out-
put is a Stata data set containing both a selectable
number of potential matches (pairs) for each iden-
tification variable and a similarity measure for each
of those pairs. Since many of the program’s sub-
routines were already available as modules in the
”Comprehensive Perl Archive Network” (CPAN),
the main program was implemented in Perl1.

2.3 Manual Editing Module

The most labor-intensive part of a record-linkage
project is the manual matching of cases not matched
by the program. We therefore wrote a manual edit-
ing module intended to make this tedious task as
easy as possible. The program displays two data sets
in horizontally aligned data-browser windows. The
program allows independent scrolling in both win-
dows with a user-selectable view of different vari-
ables. Data sets can also be sorted according to
variables of the user’s choosing. The implementa-
tion of the AGREP routine means that searching
by wild cards is also possible. The actual manual
linkage is performed by pointing and clicking with
a mouse. Optionally, cases already matched can be
hidden from view. This module is also implemented
in Java.

3. An experimental comparison of
string-similarity measures using
German names

Having created a new tool for deterministic record-
linkage that employed various string-similarity mea-
sures, we conducted an experiment to compare the
performance of those measures. A string-similarity
measure for the intended application should perform
well on German names with human-generated er-
rors. Furthermore, it should have an acceptable run-

1A Java version has been completed recently

ning time for data sets that contain even 2.2 million
records. The test should be conducted with files
with known true links and exactly one true link per
key.

3.1 Design

Due to running time considerations, only a subset
of the implemented string similarity measures was
tested: edit-distance, LCS, bigrams, trigrams,
Jaro, Jaro-Winkler, NYSIIS and different versions
of Soundex. 1200 hundred different names were
randomly selected from a town register. 12 tapes
with 100 different names each were recorded with
a female voice. Each tape was randomly assigned
to one of 12 groups of medical students with an
average of 12 students per group. Each student
writes (by hand) the name heard. All student
notes were typed by a single typist. For each
similarity measure, performance indices were com-
puted. The following indices were used (see table 1):

sensitivity = A/(A + C) (1)

Precision = A/(A + B) (2)

1− Specificity = B/(B + D) (3)

Table 1: Definitions for indices

true link incorrect link
link A B
non-link C D

3.2 Results

The phonetic algorithms form a distinct cluster.
They perform much worse than the non-phonetic
algorithms. Within the non-phonetic algorithms,
the performance of all algorithms is very similar.
To keep the graphics clean, these algorithms were
excluded from the following figures. As can be
seen in Figures 1 and 2, overall the performance of
Jaro-Winkler and edit-distance was always among
the best, the performance of trigrams nearly always
among the worst of the non-phonetic algorithms, re-
gardless which performance is being used. Due to
running time considerations, we decided to use Jaro-
Winkler in our main application.

4. Application

We tried to link survey respondent data with com-
pany register data by using sex, month/year of birth,
name of the employer and name of the workplace.
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Figure 1: PR-plot

In order to check the linkage, we used a known true-
link file. In total, we used three different data sets
for this purpose.

4.1 Data Set I: German Life-History Study

This data set is based on a retrospective survey
consisting of quantified life histories (measured in
months) for different dimensions of personal life
(Brückner & Mayer, 1998).2 Life-course protocols
are edited and corrected using taped recordings. In-
terviews were conducted in 1998 with 2,911 people
born in 1964 or 1971 in West Germany. A social-
security number is available for 730 of those people.
They gave their permission to match their responses
with the data stored by the social security system.

4.2 Data Set II: German work-history file

Employers in Germany are required by law to report
information on their employees to the social-security
agencies. The data set used is the mandatory of-
ficial registration of new hires and fires for health
insurance, statutory pension scheme and unemploy-
ment insurance. Therefore, exact daily information
on employment is available. Every person in the
data set can be identified by a social-security num-
ber. The social-security number is highly reliable
because the last digit is produced by a checksum
algorithm (Bender, Haas, & Klose, 2000).

2The German Life History Study is conducted by the Max-
Planck Institute for Human Development
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Figure 2: ROC-plot

4.3 Data Set III: Employer file

This official administrative data file contains infor-
mation on companies who have registered employees
covered by the social-security system. It contains the
name and the address of the company. The employer
file and the individual work-history file are directly
linked by an employer i.d., whose entry is strictly
controlled.

4.4 Check of true links

Names of employers as given by respondents (data
set I) were linked to the employer file (data set
III) using Jaro-Winkler as similarity measure within
blocks formed by workplace municipality as given by
respondents for those 730 cases with valid social se-
curity number. For 614 persons we have valid social
security numbers in both data sets and at least one
record in the MPI-data set. Using Jaro-Winkler we
found for 372 persons at least one combination of
employer number (data set I) and name of the firm
(data set III). The thereby added employer number
was used for an exact match using the employee file
(data set II) within blocks formed by subgroups of
firm number, sex, year and month of birth as given
by the respondents. After removing statistical twins
within the subgroups 325 persons were left for the
last step (see fig. 3). We found 234 identical per-
sons in both data sets (correct links) and 91 wrong
links. Given response knowledge and a file of the
total population (data set II) the keys used resulted
in 32.1% (730 persons) or 38.1% (614 persons) of
correct links. In order to compare this result with a
baseline, we conducted a record linkage with exact
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Figure 3: linkage process

matching keys only. This yields 81 persons with at
least one combination of employer number (data set
I) and company name (data set III). After removing
statistical twins, 71 persons remained. 44 persons
were correctly linked, 22 were wrong links. In sum,
using Jaro-Winkler results in a 10-fold increase of
linkage compared to exact matches in our data set
(3.0% to 32.1% or 3.6% to 38.1%).3

5. Conclusion

The project results regarding linkage of survey re-
spondent data to official employer data bases can be
summed up with four statements:

1. People who don’t know the employer name will
provide one anyway, whether that name is cor-
rect or not.

2. Discrepancies between official employer data
and employee self-report seem to be due to dif-
ferences in the workplace definition of respon-
dents.

3. Using the name of the firm and the name of the
workplace municipality is a much more promis-
ing way for linkage than using a lot of different
numerical variables.

3Taking the same data sets with 13 different variables, but
only a fraction of 2% of data set II (Bacher, Brand, & Bender,
2002) found below 10% of correct links by using simple cluster
analysis techniques.

4. Work on pre-processing of potential keys seems
to have resulted in more correct links than work
on string comparators or similarity threshold se-
lection.

Nethertheless, our further work will concentrate
on implementation of a probabilistic record link-
age module, algorithms to process company abbre-
viations, implementation of further string similarity
measures and a comparison with neural nets for pat-
tern recognition of names4.
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