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The use of Administrative Records is increasing in many agencies, and is being
studied at Census for use in 2020.

It can save a lot of money, but it’s real value (“goodness”) depends on matching
quality, and further, how it is tuned for optimal use — both requiring testing.



A Record Linkage (RL) System
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Predicted Positive Matches contain both True
Positives and False Positives; (the rest are Predicted
Negative Matches, containing both True Negatives
and False Negatives)

Think of F, as Census data, and F, as tax data, with duplicates removed...

Typically, N, and N, are comparable, but they don’t have to be the same.

Think of “entities” as persons or households, typically.

If a Census record is correctly matched with a tax record, say, then improved
Census data can result; however, if the linkage is incorrect, it could be made
worse.
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If you run a test and can’t estimate all the numbers in the black box, you
haven’t run a good enough test and can’t optimize your RL system!

It is not sufficient to just say one has more “matches”, as that does not tell
you how many of your Predicted Positive Matches are False Positives.

Digging deeper, you need to know how many matches “escaped” your
system, (the False Negatives).

If you are able to test your RL system in a given state and determine all
the elements in the matrix, than you can optimize RL system
performance and maximize your return on investment.



Background

* Synthetic data from a Great Automated Model
Universe for Test (GAMUT) was used in the 2010
Census for more cost-effective and precise testing
of data capture, supplied in the form of Digital
Test Decks® for which the truth is known

* Production Data Quality (PDQ) in the 2010 Census
was measured using an independent data capture
engine to determine the truth of production data

* Both of these technologies (GAMUT & PDQ) are

applicable to cost-effectively testing Record
Linkage Systems

Both of these approaches are very cost-effective because they replace a lot of
human effort with automation.



Basic Idea for Today

* The GAMUT technology is best for system
development testing, when good data, designed for
test, is generally private or unavailable or both (Ref.1)

* The PDQ technology is best for production testing
with real data to determine how good your matching
really is and learn how to improve it (Ref.2)

* They can overlap to provide enriched testing and
optimization benefits as you phase out of
development and get into production




Testing Administrative Records
Systems with Synthetic Data

* Present testing approaches use large files of “real”
data which are “dirty” and for which the truth is not
well-known

* Synthetic, yet realistic GAMUT data sets, designed
for test, and for which the truth is known allows for
quick, cost-effective, precise testing and
quantitative scoring

* Both true and false positives may be measured and
used to improve and tune systems in development

Actually, synthetic data can be better for development testing than real data!!!

This is because you know the truth and can introduce engineered errors or
variations that need to be tested.




Great Automated Model Universe
for Test (GAMUT)
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| prefer to think about the SUT first, and then consider what kind of data is
needed for a particular test plan.

The job of the SUT is to ingest various data streams from the GAMUT and infer
some facts about the GAMUT that are not apparent, like does a person in one
data stream match a person in another data stream.

Usually, looking at these data streams gives you only a little “peek’ at what’s
really in the GAMUT.



GAMUT Value Proposition

* The use of synthetic GAMUT testing data can significantly speed up
and improve Administrative Records testing, leading to improved
system linkage quality and optimal performance

* |tcan also help in other areas, for example:
— Data Capture (all “modes”)
Intelligence Systems (DARPA)
Health Records Systems (DoD/US Army/TATRC)
Taxation Systems (IRS)
IT Classification Systems Generally

* Remember, we don’t aim to replace testing with “real” data, but
rather to supplement it to speed up the development process to
achieve quality software that’s scalable and ready for production

Four modes of data capture are: paper (self-administered questionnaire),
internet, telephone (CATI), and enumerator (CAPI).

Actually, because synthetic data is DESIGNED FOR TEST, it is actually better
for testing than real data, especially in the development stages.



Basic RLPDQ Concept

* By using an independent RL system that has
fundamentally different characteristics and
approaches than the production RL system,
one can bring automation to bear on this
difficult and costly testing problem (Ref.3)

* The key is to cost-effectively get from
“comparison space” which is of order N2 to
“entity match space” which is of order N

The independent RL system can, say, use different technology to estimate
matches, weight data fields differently, and perhaps use different blocking
techniques.

Using automation greatly reduces the testing workload and cost.



RLPDQ Block Diagram
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The data source supplies the two files — census and tax data, say.

Matches both systems agree upon are highly likely to be correct, and this is the
bulk of the answers you seek.

Even if the two engines don’t agree, most of the time ONE got it right!

Arbitration on what’s left involves humans looking at entity pairs, using
automation to reduce effort.



Actual Entity Match Space (Bluish)
Embedded in Comparison Space
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So, say both files are roughly only a thousand or so records (N); even then, the
number of record pairs that must be examined is about a million (N2).

The primary PDQ job is to quickly and efficiently get you focused on “Entity
Match Space” (order N), rather than “Comparison Space” (order N?).

This is an actual example result “to scale” - It’s a little hard to see the small blue
blob, so...



Find Additional Matches Az& AP

A, & A, are also False Negatives for m; and mprespectively

Here is a close-up of our little blue blob...
This is “entity matching space” detailed in Reference 3.
NOT to scale — usually the overlap region is most of it.

Getting a handle on False Negatives can help tune your system for maximum
value.
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RLPDQ Value Proposition

* An RLPDQ system can be a cost-effective tool
to quantitatively test RL systems operating on
real data streams

* |t uses automation to rapidly get from the
burdensome comparison space to the more
readily analyzed entity match space

* Using this approach speeds up RL systems
testing, facilitates tuning, and can improve
production output quality.

So, now suppose you use both of these test technologies -
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“Cradle-to-Grave” Testing
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Ideally, you can use both techniques as the project progresses from development
through production.

In the overlap region, as production ramps up, you can learn more about your
RL System by comparing both sets of test outputs, as they tend to discover
different types of errors.

In particular, RLPDQ is effective at uncovering “escapes” (False Negatives) in
your real production data.



Conclusions

* GAMUT synthetic data is useful for
development testing

* An RLPDQ system is useful for production
testing

* Use of both techniques during production
ramp-up leads to increased learning
opportunities for better quality and greater
efficiency

Since the two methods get at False Negatives in different ways, that increases
the chances that you uncover these “hard to find” errors.

Thank you!
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