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Overview of Record Linkage:

When working with data from different sources which cover a particular population, one often wants to know which
records from one file represent the same unit from another file. Being able to use information from various sources would
permit the creation of a more complete population while enhancing the analysis of a population, permitting a comparison
of similar values between sources, allowing the use administrative data in place of survey data or facilitating the
maintenance of a survey frame, etc. Determining which records match between various sources requires a record linkage
exercise to be undertaken.

Record linkage is especially important for National Statistical Offices operating under a Statistics Act which grants them
access to a rich and wide variety of pre-existing files from other Government offices, organizations or businesses. From a
business survey perspective, some files of particular interest include those that record business sales taxes, income taxes
based on business revenue, each business’ contributions to social security programs and business registration records.
These types of files provide good coverage of the current business population while providing different types of useful
data.

Concepts related record level linking of two files

Source files refer to the files of data that are available from the various sources. This could include administrative data
from other government offices, a pre-existing BR, results of a census of businesses, etc. Each file should contain a unique
identifier to record the links as well as data for identifying and verifying links.

Hierarchical matching is a process which starts with very stringent matching criteria which are relaxed with each
subsequent matching attempt. For example, a first match could be on the business name, address and telephone
number. All pairs of potential links are output to a file for review and the remaining unmatched records pass to the next
attempt. Again, the potential matches are output to a separate file for review. The process of relaxing the matching
criteria and saving the results to separate files continues until the potential links are mostly false. Saving the results of
each pass in separate files implicitly groups the potential links based on the matching criteria which allows the person
reviewing the results to accept or reject some groups of matches.

Exact matching produces potential links based on common values from both source files being exactly the same (ex.
records with “ABC Inc” on both files would match).

Matching based on measures of similarity produces potential links based on a measure of similarity of the values (ex.
“ABC Inc” and “ABD Inc” are 86% similar; 6/7 letters are the same). With this approach, experimentation is require to
determine the threshold over which dependable links are generated and do not require manual resolution and the
threshold where potential links are mostly false. CARTAC shared information about an Excel based version called
Fuzzy matching.

Manual resolution is the process of reviewing potential links to accept the true links and reject the false ones. The results
are typically recorded with a flag that is added to the resolution file where 1=True Link and O=False Link.



Manual matching is the process of someone reviewing the two source files in an attempt to find links. This is typically the
last step in trying to link the last few records that were not linked through the more automated processes. Various sorting

and filtering techniques are helpful with such a process.
Concordance file is a file that records the relationships of the unique identifiers from each source file. This is used when

the same files will be matched more than once in order to profit from previous linking exercises. When used in
conjunction with a BR, each line of the concordance file will contain the BR unique ID in one column and the remaining

column will record the identifiers for the same business from the various source files.

Direct Match Key (DMK) is typically a groomed version of a business name where superfluous information is removed in
order to increase the chances of finding links. Additional information can be found here:
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When using administrative data to maintain a Statistical Business Register (SBR), there is often a need to
link the two data sources together. This is typically done through a record linkage strategy that includes
an automated process for detecting possible links based on linking criteria. To increase the chances of
find links, prior to the linkage attempts are made to groom the linkage variables and derived variables
are generated. This document outlines how a Direct Match Key (or derived version) of business names
can be generated, and how it is used in record linkage.

A typical DMK algorithm first:
Converts all characters to uppercase.

Then it removes the following items:
Words that can have different abbreviations and do not add value to the name
(LTD, LTEE, LIMITED, INC, INCORPORATED, O/A, C/O, CO, COMPANY, AND, OF, THE)
Accents from letters,
Punctuation and spaces,
Double consonants,
“Y” at the end of a word or if it appears after a consonant,
“S” at the end of a word,

The last step is to:
Truncate the name to the first 14 characters.

Appendix A of this document presents how the above algorithm could be programmed in SAS.

When using DMK values within a linkage, attempts are first made to link the business names then on the
DMK business names. Itis important to attempt to link on the original business names first in order to
limit the chances of producing false links. The following table provides a couple of examples where
names are easily recognized as being different, but produce the same DMK value.

Business Names DMK Business Names
Catty’s Food Emporium Ltd CTFDMPRM
The Cat Food Emporium Inc CTFDMPRM

Freddy and Rick’s Engineers - Piers FRDRCKNGNRPR
Fredrick’s Engine Repair Limited FRDRCKNGNRPR






The idea of the DMK is to produce a value that will overcome basic spelling errors and slight variations in
spelling. However, it also introduces a high level of compression which removes meaning from the
words and can create duplicated values from very different names.

As one can see from the SAS coding in Appendix A, the order in which the steps are executed can have
an impact on the final outcome of some DMK values.





Appendix A
SAS Script of a DMK Procedure

/**ADD DMK TO THE FILE**/

/*setup an array of words that need to be removed*/
array words{7}$63. _temporary_ ('LTD','LTEE','LIMITEE','INC','INCORPORATED','O/A",'C\0');

/*change the French letters to English letters*/
new_name=translate(upcase(REGISTERED_NAME),'CEEAUOUA','CEEAUOUA");

/*Remove the words that are in the array*/
Do l=1to 7;
tmp=words{l};
new_name=tranwrd(new_name,trim(tmp),");
end;

/*Split the name into words*/
array words2{10}$64 n1-n10;
Do I=1to 10;
call scan(new_name, |, position, length);
if not position then leave;
words2{l}=substrn(trim(new_name), position, length);
end;

/*Setup an array of consonants*/
array words1{21}$1. temporary_('B''C','D','F','G','H",")",'K",'L,'M",'N",'P",'Q’,'R",'S",'T",'V",'W",'X",'Y",'Z");
Do I=1 to 10;

new_name=words2{l};

/*remove punctuation marks and space*/
new_name=compress(new_name,,"PS");

/*if the word is 'CO','COMPANY','AND','LIMITED'and 'OF', then remove*/

if new_name eq 'CO' or new_name eq 'COMPANY' or new_name eq 'THE' or
new_name eq 'AND' or new_name eq 'LIMITED' or new_name eq 'OF'

then new_name=";

/*remove 'Y'if it is at the end of a word, even after a vowel*/
namelast=substrn(new_name,length(new_name),1);
if namelast eq 'Y' then new_name=substrn(new_name, 1, length(new_name)-1);

/*Extract the last letter of the word*/
namelast=substrn(new_name,length(new_name),1);

/*remove 'Y'if it is at the end of a word */
if namelast eq 'S' then new_names=substrn(new_name, 1, length(new_name)-1);
/*remove double consonants, replace with single consonants*/
Do j=1to 21;
tmp=words1{j};
tmpdouble=trim(tmp)| |trim(tmp);
new_name=tranwrd(new_name,trim(tmpdouble),trim(tmp));
end;





/*Remove 'Y'if it is after a consonant*/
Do j=1to 21;
tmp=words1{j};
tmpy=trim(tmp) | |'Y";
new_names=tranwrd(new_name,trim(tmpy),trim(tmp));
end;
namefirst=substrn(trim(new_name),1,1);
new_name=substrn(new_name,2,length(new_name)-1);

/*remove vowel*/
new_name=compress(new_name,"AEIOU");

/*concatenate the first letter with the processed word*/
final=trim(namefirst)| [new_name;
words2{l}=trim(final); end;

/*concatenate all words to form DMK*/
finalname=trim(words2(1));
dok=1to9;

finalname=trim(finalname)| | trim(words2{k+1});
end;

/*remove any leading and trailing blanks */
finalname=trim(left(finalname));

/*Keep only the first 14 characters */
DMK_EST=substrn(finalname,1, 14);
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Preparing files for record linkage:

Prior to conducting a record linkage, it is important to process the files in order to increase the linkage rate. For
example:

At least one groomed version of each business name should be generated (The DMK coding; earlier in the
document is an option).

Addresses should be reviewed for systematic formatting inconsistencies that can be standardized through
an automated process. (For example, Post Office, PO, P.O. can be removed or converted to one common standard such as PO.
It may be desirable to move all digits to the start or end of an address, or even move them to their own matching fields. If parish
names tend to get imbedded with addresses, move to the correct field. If limited programming abilities exist within the NSO, many
rules can be applied through Excel functions).

All extra characters that do not add value to Telephone Numbers should be removed (brackets, spaces, hyphens,
etc.) and the recording of telephone extensions should also be removed or standardized.

A more general 2-digit version of ISIC could be generated as a possible matching variable.

If there is a shortage of matching variables, then revenue and employment groupings can be created.

All variables that are common to both files should be reviewed to see if they can be used in the matching
process (GPS coordinates are expected to become good matching variables).

To improve efficiency of the matching procedure, only the matching variables should be included on the input
files. However, all extra information should be added back to the files for the manual resolution process as
they can provide insight into which links are true and false. For example, if size measures are available, but not
similar enough to match (ex. Number of Employees on one file and Revenue on the other) they will let the
person doing the resolution know whether both records are similar or they may provide information for
applying a sort order to the possible links. For example, 2-digit ISIC will allow the resolver to process entire
industries at the same time and a size measure will allow them to concentrate on the similar-sized units or to
put extra effort into the largest and most important units.

Possible hierarchy for a record linkage:

1. When a concordance file exists from a previous linkage exercise, identifying and quickly reviewing the

previously linked records should be the first step (this is a special type of exact matching). All records that
are part of links that are still true should be removed from further processing.

Assuming that Source 1 has the following variables:

Legal name

Operating name

Operating address

Operating telephone number

ISIC

® o0 oo

And Source 2 has the following:
a. Legal Name
b. Operating address
c. Telephone number

The files can be further enhanced by:
- Adding DMK versions of the business names and
- Ensuring that the addresses and telephone numbers have been groomed to increase consistency.



ISIC is available on only 1 file, so it is not of use. If it were available on both files, a 2-digit ISIC could be
helpful in creating more combinations of variables (and passes) to the matching strategy.

Note that code values and dollar amounts are not helpful when measuring similarity of values because ISIC
123456 would be quite different from 223456, but would have a high measure of similarity (same with
$9,000,000 and $1,000,000)

Based on the information available in the example, the following is a summary of a possible hierarchy of passes
that could be executed. It starts with very stringent criteria to first find the most likely matches then moves to
more relaxed criteria. If more matching variables are available, then additional passes would be created. After
each pass, all possible links are removed from the subsequent matches. However, there needs to be a point
where the records involved in failed matches re-enter the process to try to be matched again.

Pass 1: Legal name to Legal name
Operating address to Operating address
Telephone number to Telephone number

Pass 2: Operating name to Legal name
Operating address to Operating address
Telephone number to Telephone number

Pass 3: DMK Legal name to DMK Legal name
Operating address to Operating address
Telephone number to Telephone number

Pass 4: DMK Operating name to DMK Legal nhame
Operating address to Operating address
Telephone number to Telephone number

Passes 5 to 8, the same as 1 to 4, but without addresses.

Passes 9 to 12, the same as 1 to 4, but without telephone numbers.
Passes 13 and 14, the same as 1 and 2, but with only business names.
Passes 15 and 18, the same as 1 to 4, but without business names.

The hierarchy can be applied to both exact matching as well as matching based on measures of similarity /
Fuzzy matching. Through experience, one will gain knowledge of which types of matches produce reliable
results and which ones should be removed from the process.

Additionally, it may be desirable to integrate Fuzzy matching with exact matching. For example, conducting
Pass 1 with the exact matches, then with the fuzzy match before moving to pass 2. Experimentation should be
conducted to determine the most efficient process.

Due to the high amount of computing resources required for the Fuzzy matching, the exact matches are
designed to quickly remove the ones that are easy to find, thus allowing the Fuzzy matching to run more
quickly. For this reason, once the concordance file becomes more complete and few records remain to be
linked, it may become possible to remove some of the exact matching steps and move directly to the Fuzzy
matching.



Strategies for manual resolution:

There are various ways that the manual resolution process can be made more efficient and experience will lead
to new and updated approaches. The following are just a few suggestions to get a new project started.

Firstly, by saving the results of each hierarchical pass into its own file, the person doing the resolution will be
able to accept and reject files of links without reviewing the entire files. That is, if a review of the first 100
records find only true (or false) links, the entire file can be safely accepted (or rejected) without reviewing all of
the links. If, after a few linkage exercises, it has been found that certain passes produce only quality links, they
can be accepted with only periodic review to ensure that assumptions are holding true. Similarly for the
combinations of variables that produce mostly false links, which can be dropped from the processing.

For the files that contain a mix of true and false links, sorting and grouping the potential links allows for similar
records to be resolved together. For example, grouping by industry coding (either 2-digit or a more refined
level), will allow the links for a certain industry to be resolved as groups. Sorting by a size measures such as the
number of employees or revenue will allow a focus on the largest and most important records. Sorting by
geographic location will allow for linkages within large office towers to be done at the same time, or for the
resolution work to be shared with satellite offices which may have better knowledge of the businesses within
their areas.

To make the resolution work more efficient it is important to have strategies that are defined prior to starting
the work, and to refine them with local knowledge and experiences.

Strategies for manual linkages:

After the automated linkages, it is important to review the remaining records to see if any other links can be
found. If the number of remaining records seems unmanageable for manual procedures, then it would be
important to review the entire linkage process to see if improvements can be made at any of the steps. This
should include reviewing the process right from the beginning, including the request for administrative data;
are there any additional fields that can be requested or perhaps there are ways to work with the other offices
to improve the quality of the incoming data. Can the grooming be improved or are there additional derived
variables that can be generated? Are there some key combinations of variables that could provide some high
quality links?

Additionally, the manual linkage procedures could provide insight on how the automated portion can be
improved.

Ideas for conducting a manual linkage can be found in the attached document that was previously written for
the PRASC project.
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When using administrative data to maintain a Business Register (BR), there is often a need to link the
two data sources together. When dealing with small populations, there is no need to develop elaborate
linkage strategies; however, there are some tricks that can be used to make the exercise more efficient.

Please note that this document is not a set of sequential steps to follow. Instead, it summarizes various
aspects of a matching exercise, and therefore the entire document should be read prior to starting the
matching process for guidance in setting up the strategy to be followed.

Sort Orders

Prior to attempting to find matches between two datasets, it is helpful to sort them by key identifiers in
order to group records with similar attributes together. After each sort, the results are scanned to
identify matching records.

Recommended columns for sorting:
e Legal Business Name
e Operating Business Name
e Address Components
e Telephone Numbers
e Contactinformation
e Size measures

It should be noted that the sort orders can be different between the two sources. For example, further
links could be found by sorting one source by Legal Business Name and the other by Operating Business
Name. Similarly, if only one source has contact information, it can be sorted by the various components
of the contact information and the other source by similar components within the business information.

Additionally, to overcome situations where a business has different names and contact information on
the two files (such as legal or accountant information on the administrative source and location
information on the BR), sorting by size measures such as the number of employees or revenue can be
used to group together businesses of similar sizes for further matching attempts.

Grouping Records

In addition, grouping the records by the first 2 digits of ISIC or by geographic areas can also be used to
create smaller groups to work with. It should be noted that this can be done implicitly by introducing
two levels of sorting. For example, when the files are still quite large one might want to sort by both
ISIC(2-digit) as well as the business name.






Standardizing
Standardizing values to be matched can be used to remove unnecessary information or to correct
common errors in order to facilitate the matching process.

Example 1: Removing Unnecessary Information - Address

Businesses often direct their mail to post office boxes, and the format for reporting this can be quite
varied. One way to overcome this issue is to standardize the formatting, but a quicker way is to simply
remove the unnecessary information with an Excel statement.

=((SUBSTITUTE(SUBSTITUTE(SUBSTITUTE(LOWER(A2),".","")," ",""),"pobox","")))

This statement:
- Converts all characters in A2 to lowercase
- Removes all periods (“.”)
- Removes all blank spaces

- Removes pobox

Result:
Only the box number remains. This is more meaningful, especially when paired with a geographic region
for matching.
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Example 2: Removing Unnecessary Information — Business Name
A second value of the business names can be created by removing common words that are not always
included when reporting a business name or do not add any value to the business name.

=(SUBSTITUTE(UPPER(A2),"THE",""))

This statement:
- Converts all characters in A2 to uppercase
- Removes all occasions of the words “THE”

Determining which unnecessary words or letters that commonly occur at the beginning of the matching
fields can be done through an initial scan of the matching fields, and it can be extended based on
experience gained during the matching process.

Result:

These new derived fields can be used to add a step to the matching process by using them to sort the
data in a new manner for matching.
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Example 3: Removing Unnecessary Information — People’s Names
Depending on the source of the information, people’s names could be groomed differently. The
following statement shows how they could be standardized between the sources.

=((SUBSTITUTE(SUBSTITUTE(SUBSTITUTE(SUBSTITUTE(UPPER(A2),".",""),"MR",""),"MRS",""),"MS","")))

This statement:
- Converts all characters in A2 to uppercase
- Removes all periods
- Removes all occasions of the words “MR", "MRS", "MS"





H ©- @, - Bool2 - Excel

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER SAS
L] - - —
& Cut Calibri il AN T=E= ¥ EWapTet General - - 7]
By Copy -~ _ &~
Pavzte * Format Painter B I U- #- &- A === &= Merge&Center -5 - % S0 Conditional Format a

Formatting - Table -

Clipboard P Font P Alignment [P Number N
B2 N f\ =((SUBSTITUTE(SUBSTITUTE(SUBSTITUTE(SUBSTITUTE(UPPER(AZ),".",""),"MR",""),"MRS",""),"M5",""}})
A B C D E F G H 1 J K
1 OperatorMame StandardOperatorMame
2 |mr. John Doe [ 104N DOE
3 |Mrs Jane Doe " JANE DOE
4 |Ms. ] Doe 1DOE

Manual Grooming

While conducting manual linkage work, copies of the files will be used and therefore, the person
conducting the work should also manually groom the matching fields by correcting perceived spelling
errors and standardizing the formatting in order to increase the chances of finding matches.

One File or Two Files?

When conducting a manual match, there are two approaches that can be taken. Firstly, the two files
can be compared side-by-side. Secondly, a flag called “Source” can be added to each dataset which can
be used to identify which file each record originated from and all of the information can be placed into
one large file.

The advantage of placing all records into one file is that each sort will be performed only once, and it is
known that both sets of records received the same treatment in terms of the standardization
procedures and the sort order. In addition, since all records are eligible for matching, it is possible to find
duplicated entries within one of the data sources. The disadvantage of using only 1 file is that the
“Source” flag needs to be referenced in order to determine each record’s origin, and it is difficult to sort
different but similar values such as Legal Business Name from one source and Operating Business Name
from the other.

The strategies used for conducting the matching need to be reviewed in order to determine if the
records should be kept in two files or combined into one. There s also the option of conducting some
steps on two files and other steps on a combined file.

Recording Matches

It should be noted that in order to minimize the number of records to be reviewed for each matching
attempt, the identifiers for all matching records should be recorded on a separate file (containing only
the Administrative Identifier and BR Identifier) and the matched records should be removed from the
working files.

The added advantage of recording the identifiers of the matches is that they can be keptand used again
as a first step for any future matches from the same sources. Similarly, if multiple administrative data
sources supply the same business identifier, the matches from one source can be applied to the other,
and visa-versa, thus potentially increasing the overall matching rates for both data sources.





Closing Remarks
Record linkage is more of an art than a science, and requires a lot of patience on the part of the person

conducting the work. This is especially true when trying to match two different files that were compiled
for different needs. For example, when dealing with taxation data, often the contact information is that
of the business’ accountant and the business’ name is often a legal name that is only used when
communicating with the taxation department. Meanwhile, a BR often includes more operating
information such as the physical location of the business and the operating name that appears at the
front of the store. For these reasons, when developing a BR it is important to collect and store as much
identifying information as possible for each business in order to maximize the chances of linking BR
information to administrative information.

The importance of being able to link the BR to administrative information is for improved efficiencies
and increased quality, relevance and timeliness. In particular, depending upon the information being
received, the administrative data could be used as a proxy for survey data. For example, when a
business only partially completes a questionnaire, it may be possible to use the administrative data in
conjunction with the reported values to impute the missing values. Similarly, if there are a large number
of very small businesses represented in the administrative data, it may be possible to estimate their
contribution to the economy rather than including them in collection. More importantly, though, the
administrative data can be used to maintain the BR, thus eliminating or greatly reducing the need to
contact businesses for keeping their data up to date while at the same time greatly increasing the
guality of the information on the BR; which could lead to money savings thanks to more efficient survey
designs and more accurate estimates.
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Considerations for unlinked records:

At the end of any linkage exercise, there are remaining unlinked records that should be reviewed to determine
their fate. In terms of creating a BR population, it is crucial to scrutinize which records should (and should not)
be added to the population. Adding records that are already represented on the BR will create an over
estimation in any survey that uses the BR as its frame. However, omitting records that are not already
represented will have the opposite effect.

Often there are logical reasons why a unit may have not linked to an existing BR but should be added to the
population. For example, if there is a date indicating when the business started, it may be possible to
determine that this is a new business and it should be added to the BR. Or, if the BR is based primarily on
employment data and a tax record (income tax or sales tax) was not linked to the BR, this could be due to the
business being active in the country but not having any employees.

On the other hand, sometimes records do not match due to different reporting structures for different data
sources. For example, a large hotel could report its rooms and restaurants together for one source and
separately for another.

Prior to birthing any large unit onto the BR, it should be well researched and the reasons for it not already
being on the BR should be known. For smaller units, it may be sufficient to do some initial research to
determine rules for adding new units, as long as the rules are periodically reviewed to ensure that the initial
assumptions still hold true.



