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Introduction and Primer On
The Legal Issues in Statistical Sampling and
Extrapolation

PART ONE
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What Is Sampling?
Sampling is taking a subset of the claims in a
Medicare/Medicaid provider’s universe of claims for the
purpose of auditing them for potential disallowance.
How is the sample of claims chosen? Usually via computer
software which generates pseudorandom numbers using a
seed. This is a replicable process.
The sample must be randomly selected to be valid.
However, not all random samples result in a valid sample.
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What Is Extrapolation?
Extrapolation takes the results of an audited sample of claims
and projects the total dollar amount of the overpayment from
the sample over the universe of the provider’s paid claims.
The audited sample has a known amount of dollars in error and
that amount is projected to the claims universe for a global
repayment amount with a given level of confidence, which is
necessary since this is merely an estimation of the global
overpayments.
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Legal Basis for Statistical Sampling
for Overpayment Estimation
The Secretary “may introduce the results of a statistical sampling study as evidence
of the number of violations . . . or the factors considered in determining the amount
of [a civil money penalty.] Such statistical sampling study, if based upon an
appropriate sampling and computed by valid statistical methods, constitutes prima
facie evidence of the number of violations and the existence of factors material to
the proposed civil money penalty”. 45 C.F.R. § 160.536(a).
After the Secretary makes a prima facie case, as described above, “the burden . . .
shifts to the [Provider] to produce evidence reasonably calculated to rebut the
findings of the statistical sampling study.” 45 C.F.R. § 160.536(b). Thereafter, the
Secretary will be given an opportunity to rebut this evidence. See id.

State Medicaid programs generally use a similar approach.
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Medicare and the MPIM
What is the Medicare Program Integrity Manual?
Why does it matter?
There is a relatively recent change in the MPIM that may
impact an audit:
◦Extrapolation
Also, there has been a recent OIG audit of Medicare audits
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States and Medicaid Statistical Sampling:
A Toolkit for MFCUs
◦Guidance for the Medicaid Fraud Control
Units
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States and non-MFCU Medicaid
Statistical Sampling
Unlike the Medicare program, which uses the MPIM, the Medicaid
program nationally (except for the MFCUs) has no universal guidance
outlining the rules of the process to be used.
Your state may have simple rules, detailed rules, or no rules at all.
The burden of proof is typically on the provider to challenge the
statistical sampling and extrapolation.
In such settings, the State’s methodology is presumed valid unless
and until the provider proves otherwise.
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The Role of the Expert:
Why You Should Always Have One
A statistical consultant is essential to understanding how the
audit was conducted and whether the results are statistically
valid.
◦ Laypersons generally cannot understand these concepts
absent training.
The expert will review both the audit process used and the
results in your particular case.
The expert is the key person who will be able to properly
answer important questions pertaining to the audit.
◦An expert is critical when responding to the audit and at the
subsequent hearing.
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The Role of the Expert:
Asking the Important Questions
Is the audit process used by the auditors properly designed?
Is this process suitable and/or appropriate for use in this
audit of my client?
How was the sample size chosen? Was that selection
proper?
Was the sample tested?
Is the sample size adequate (large enough) for the
confidence interval?
Do you have a probability sample?
Did the auditors properly document the audit?
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The Role of the Expert:
Asking More of the Important Questions
Is the software program used for random number generation
certified or otherwise widely accepted for this purpose? Is it
proprietary?
Was the software program used in the manner it was designed
to work?
◦ When in doubt, have an expert look at the program’s source
code
◦ Can’t get the source code? Argue violation of due process.
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The Role of the Expert:
Asking Even More of the Important Questions
Can the results be replicated by the provider?
◦ If not, there is a serious problem
◦ Was adequate documentation for replication provided?
◦ After all, it is a scientific experiment which must be able
to be reproduced with the same outcome.
Retaining the seed is a critical factor
Is the frame sorted in the same order that it was in at the
time the random numbers were used to pick the sample?
◦ Was stratification used?
◦ Check the extrapolation calculations themselves
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Right Idea, Wrong Answer
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Dewey Wins the Election!!

What happened?
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What is Required for Statistical Validity?
◦ Properly defined universe, frame, sampling unit
◦ Must be possible to calculate the number of samples of the given size in frame of
the given size
◦ Each member of the sample must have an equal probability of selection
◦ Sample must be random
◦ Sample must be free from bias (representative)
◦ Sample must be of adequate size
◦ Audit must accurately measure the variables of interest
◦ Must have replicable results
◦ Normally distributed overpayment data for parametric statistics to work
◦ Accurate estimation of overpayment by using the correct formula for estimation
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Introduction and Primer on Probability Sampling and
Extrapolation
Probability Space
Central Limit Theorem
Distributions
Sample Size
Accurate Overpayment Calculation

PART TWO
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Poor Questions Lead to Poor Answers
Even well designed probability statistics cannot answer the
questions consumers seek.
Can’t predict who is going to be president
Can’t tell what day your baby will be born
Can’t tell the overpayment dollar amount for a provider
They can tell you how likely the mean of the sample is to
represent the true mean of the frame from which it was
chosen. No more no less.
A badly executed sample can not even tell that. They are simply
an exercise in arithmetic, not a probability sample.
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Feed Some Tidbits to a Fortune Teller – the
Result Can be as Good as a Political Poll
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Audit
claims
in the field

Limit Universe to Defined Frame
Frame n = 100

Universe n = 10,000

1, 2, 3, 4, 5, 6, 7,
8, 9, 10 ... 10,000

Audit
definition
of
universe
limiting
criteria
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Defined
frame
results in
100 claims

Frame
(All claims for a
particular time
frame and code)

Universe
(Provider and all claims)
01/01/2010

Code: 12743

Sampling Unit
(Individual claim: must be within frame)
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Sample
(5 claims per sample)

Corrupted Frame = Bad Sample
Universe

Sampling Frame

SAMPLE

Outside
Definition
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Probability Statistics Are Different from
Numbers
The probability space of a frame
1) Be able to calculate the number of samples of a given
size that can be taken from a frame of a given size
2) Know the likelihood of selection of each sampling unit
◦ Simple sample must have equal probability of selection
◦ Stratified sample must have a simple sample in each
stratum
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Frame 100

(1, 2, 3, 4, 5)

(2, 3, 4, 5, 6)

Sample 5

(1, 11, 21, 31, 41) (1, 12, 23, 34, 45)

Outside of frame
x

(1, 2, 3, 4, X)
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(8, 23, 46, 73, 90)

Frame of 100 Oranges
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Sample of 5 Oranges
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How Many Samples Taken 5 at a
Time Are in a Frame of 100?
Combinations: N!/(r! [N-r]!)
- In words: frame factorial/sample factorial
(frame minus
sample factorial)
- In numbers 100!/(5!95!)
Samples of 5 from 100 75,287,520
Samples of 5 from 99
Samples of 5 from 101

71,523,144
79,208,745
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Different Number of Sample Sizes in Frame of 100
nC r =

n!/(r! x (n – r)!)

Combinations = frame size factorial divided by sample size factorial times frame size factorial
minus sample size factorial

Combinations = 100!/(5!x95!)

If the sample size is 5 100! /(5! x 95!) there are 75,287,520 (two commas)
If the sample size is 2 100! /(2! x 98!) there are 4,950 combinations
If the sample size is 10 100!/(10! x 90!) there are 17,310,309,456,440 (four
commas)
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Solution to the Apple
• Go to the frame of 100 and only use oranges (remove all apples)
- will change frame size and sample size
- must choose new sample based on frame

• Redefine the frame to include apples and oranges
- remember it then must include all the apples
- do you care about apples?
• Move frame to cover other information in the 10,000 claim universe
- what do you want to measure from the universe
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Fallacies Purporting to Allow the Apple
in the Probability Sample of Oranges
The auditor cannot properly:
• Zero it out, or take out the apple, and use the sample
• Claim it is not an auditor error
• Claim that if the price is $0 in the sample then inclusion is
in the provider’s favor
• Claim a probability sample (number of samples of 5
oranges in the frame of 100 oranges)
• Claim that there is an equal probability of selection
• Claim that it can be used for an extrapolation
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One and Only One Sample Chosen
90% confidence means 1 in 10 samples will be faulty
The distribution of the means of all possible samples would combine
to give a theoretical mathematical model for that frame
There must be a probability sample to make an extrapolation
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Possible Samples That Can Be
Randomly Drawn From the Frame
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There Is Only One Audited Sample Selected
From All Possible Combinations
If many samples were taken from the frame:
A mean could be calculated for each sample
Each mean would not be exactly the same as all the others
While the means would differ from one another, they would
cluster more densely around the central value (mean) of the
frame
If multiple samples are taken on toward infinity – the means
would be expected to make a normal distribution
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Does the Audited Sample
Meet the Probability Criteria?
It must be tested to demonstrate that:
The distribution has to look like the statistical model
There is proper randomization for independent data
The mean and variance are representative
The assumptions of the Central Limit Theorem (CLT)
are met
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What’s the Big Deal About
the Normal Distribution?
The Normal Distribution allows substantial mathematical power for using
the sample as estimators.
oThe distribution is bell-shaped
oIt is a continuous, symmetrical distribution that is standardized over all
types of data
◦ The mean, median and mode are all the same number
◦ One standard deviation accounts for 68.3% of the data
◦ Two standard deviations account for 95.43% of the data
◦ Three standard deviations account for 99.7% of the data
◦ Outliers are more than 3 standard deviations
The Normal Distribution allows for the use of the Centra Limits Theorem
◦ That provides the statistical grounding for point estimates and
confidence levels
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“Normal” Distribution
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Confidence Levels
on Normal Distribution
Point Estimate

Lower Confidence Limit
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Upper Confidence Limit

Illustration Not Based on Actual Data
Median

Where is the Confidence Level?
One-sided or Two

Mode
Mean

0

566.09 1,274.35

12,072.62
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Non Normal Distribution with
Lots of $0 Overpayment
Sample mean +/- 1 standard deviation
Mean = 430.92 + sd = 525.51 = 956.43
430.92 -

25.51 = -94.18
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Sample Size Matters
Formulae determine necessary sample size
No one size fits all data
Distribution of data matter: attribute or categorical
data are different from continuous and normal
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Representative Sample
Good sample
Frame

Bad sample
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Sample Size Determination
Based on Chosen Precision and Confidence

𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 =

𝑆𝑡𝑑𝐷𝑒𝑣 × 𝑓𝑟𝑎𝑚𝑒 𝑠𝑖𝑧𝑒
𝐶ℎ𝑜𝑠𝑒𝑛 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
𝑓𝑟𝑎𝑚𝑒 𝑚𝑒𝑎𝑛 𝑓𝑟𝑎𝑚𝑒 𝑠𝑖𝑧𝑒
100
𝑐ℎ𝑜𝑠𝑒𝑛 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑒𝑣𝑒𝑙
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+ 𝑓𝑟𝑎𝑚𝑒 𝑠𝑖𝑧𝑒 × 𝑆𝑡𝑑𝐷𝑒𝑣
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Coronavirus Vaccine Study Sample Size
for 1% Incident Rate
n = 30,000
Randomized

Sample

Condition

Effect

Placebo
n = 15,000

Vaccine
n = 15,000

Infected
150
Protected
87
Not protected 63
Effective
58%

Infected
n = 150
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Precision vs Accuracy
Precision measures how often the measurement tool
produces a similar result every time it is used.
Accuracy measures how close the sample value comes to the
true value. How close is the sample overpayment mean to the
true mean of overpayments in the frame?
Sample results can be accurate but not precise or precise but
not accurate.
Extrapolations require that the results meet a predetermined
level of both.
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Inaccurate
but Precise

Neither
Accurate
or Precise

Not Precise, but
Fairly Accurate
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First Sample of 5
If:
A random sample of the top 5 most expensive claims (5540, 5550,
5555, 5560, 5570) mean = 5555
The frame of 100 claims ranges from 500 to 5570 and has a mean =
2827
The precision will be very small and the confidence levels will be very
tight but the point estimate would be nearly twice as large as the
frame mean
The precision would be good but the accuracy would not
Point estimates can exceed the amount actually paid
It is a bad estimate
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Second Sample of 5
If:
A random sample of the top 5 most expensive claims (5540, 5550,
5555, 5560, 5570) the mean = 5555
A frame of 100 claims ranges from 500 to 5570 has a mean = 2827
The precision will be very large and the confidence levels will be
very large but the point estimate would be close to the frame mean
The precision would be unacceptable but the accuracy would be OK
The lower confidence level can be a negative number indicating an
underpayment
A random sample of 5 selects the top 2 claims and bottom 3 claims
(500, 525 540, 5560, 5570) mean = 2539
It is a bad estimate
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Calculation of Precision
Point Estimate +/- Precision amount = Confidence Level
Precision amount/Point estimate = Precision %
The accuracy of the estimate is somewhere between the top and
bottom of the confidence level around the point estimate. The
lower confidence level is as close to accurate overpayment that
can be obtained.
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RAT-STATS Overpayment Estimation
Formulae:

Confidence Level:
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Simulation: Sample n = 150
Consecutive #s Frame n = 20,915
SAMPLE SIZE

VALUE OF SAMPLE

150

$11,325.00

NONZERO ITEMS
150

FRAME SIZE 20,915
MEAN

$75.50

STANDARD DEVIATION

$43.45

POINT ESTIMATE

$1,579,083

Lower 90% Confidence Level $41,456,726
(meaningless demand amount)
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The Overpayment Calculator (Formulae)
Expects Overpayments to Be:
Probability sample
◦ Possible to calculate the number of samples of a given size in frame of a given size
◦ Known probability of selection
◦ Proper execution of methodology
◦ Proper randomization
◦ Use correct formulae
◦ Accurate estimate of the overpayment
Parametric Statistic
◦ Random sample
◦ Independent observations
◦ Normally distributed (sample averages)
◦ Representative
Adequate Sample Size
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Questions?

57

Faculty
David R. Ross, Esq.
Senior Shareholder
E-mail: dross@oalaw.com
(518) 462 5601

Pat Maykuth, Ph.D.
President

(404) 373 4637

O’Connell and Aronowitz, P.C.
54 State Street
Albany, NY 12207
Website: www.oalaw.com

Research Design Associates, Inc.
721 E Ponce de Leon
Decatur, GA 30030
www.researchdesignassociates.com

E-mail: pm@researchdesignassociates.com

58

