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Differences Between Attribute and
Variable Sampling

+ Attribute sampling| is for estimating a
proportion of a population that
POSSESSES a given attribute.

» Examples:

— Proportion off red cars in Denver

— Propention o Vetersiwher suppert a
particular reselittion

= Proportionreivalic taxsexempticn
CErtificates




Differences Between Attribute and
\ariable Sampling (Continued)

+ \ariable sampling is for estimating| the
parameters of a continuoeus variable.
» Examples:
— Jotal tax duerfor an audit period
— Ratio fiactor for al SUNCA ((iaxable; $/diotall )
o Attribute samplingl s net appropriate for
projecting tex: liability intsales anaruser tax
audits,

9 Sample sizercalcuiations arerdiffierenic:

About Definitions

¢ It is critical that all terms be defined
so that everyone knows and
understands each term, how it is
measured or estimated and how! it is
used.




Precision and Relative Precision

¢ In this talk:

— Precision measures the sampling error in
estimating a parameter. It is the product of the
standard error off estimation; and a value
depending on the confidence levelland the
sampling distribution off the estimator:

— Relative; precision isi the precision expressed! as
2 PENCENtade of the estimated value:
¢ Precision statements should always
include the; confidence level.

» SmegllNmpreVementsHnIPRECISION OF
Elatve precision mey ReqUinerElatively
|ar@EeNRcreaseEsHn selmplersizes

Confidence Level

o This refers to the (1-2a)100% two-
Ssided confidence interval for the true
value.

+ For symmetric confidence intervals,
the relative; precisioniis hali=the
width off the; confidence interval
divided bByAthe estimated valle)
expressed asial percentade.




Error Rate

¢ In this talk, error rate, p, can be used two ways:

— For estimating the error in tax paid or the taxable
amount:

+ The proportion of items' in the sampling| frame that have
errors in tax paid or taxable amount. Here, p is usually:
small.

— For taxability:

+ The proportion of items ini the sampling| firame that are
taxable. Here, p is usually’ moderate to large.

» [his s usualiy unRknewn  but may: berestimated
)V
— A pilot sample
— History, off previous audits withi this taxpayer
— Experiencel of the CAS and/or Auditor

Considerations

The number of zeroes in the sample has a great impact on relative precision
and the “error rate” parameter for the expected error rate model. That, in
turn, depends on what the auditor is recording in the audit.

Number of
Recording Zero Model “Error Rate”
\altes

Taxable Smalll to Expected proportion off
Amount Moderate | taxable items

Error in
Reported
Taxable
Amoeunt

E;gr bry Tex Expected proportion of errors
IWEB;

Expected proportion off ertors




Variability and Sample Size

# The more dispersed a population is, the
larger the sample must be to reach a
given precision and confidence; level.

¢ Question: How many: sample itens must
peltaken to estimate (Within' 10%:; at 95%
confidence) thiermean age: off
= JIherresidentst off DenVer?

= hEeikst graderstiidenitsi el DERVErR public
SCHEBIS?

Allocating Sample Resources

# Assuming the cost of sampling is the same
from item tor item, then strata with greater
variability willget more of the sample
than those with smaller variability.

¢ In sales and use tax audits, it is assumed
the cost off auditing items s constant
dCress the sampling frame:

& Iheermularior allocating rEseURCES i the
MOSH ElfiCIENt Wal IsEKIeWiRFasithe
INEyiman alieeations




Precision, Confidence Level, Error Rate
and Sample Size

¢ Improving precision or increasing
confidence level increases sample size for
a fixed error rate.

» When relative; precision is defined asiin
thi's talk, smaller error rates reguire larger
samples for alfixed relative precision and
confidence level.

$ SEreus Under sampling cantoceUr i the
e rateNsHigneReds

Expected Error Rate Model

¢ Assumptions:

— Errors are random and independent off the item
being audited.

— [he error rate Is constant over the entire sampling
firame. (INoete: Theoretically, a different rate could be
applied ter eachi stratum. I den’t think it is Worth the
effiort.)

— AllFthe exrors are in the same direction,
¢ Ihellast assumptieniis critical
= EorestimatingrtaxabilityAltisrusualiy e preklems:

~ For erfor 1n) gz ﬁaid it gy et bertrue (el
diseUssthisHUREhERatERCRE)

V=112




Expected Error Rate Model
(Continued)

# This model adjusts the mean and standard
deviations which are used in the formula
for sample size.

¢ Model: W' = XY wWhere

= XIS RVoeIceramount
— Y45 Berneullifrandom: Vakiabie withr P(Y =1 =p
and PYE0) =P OF <t pr<=i
9 Aldetaliedr explanationteirthefmoedels
InclUcEedNFtheWorkshop PackaEies

When Should | Use the Model?

o Var(W) > Var(X) when p > (cv)?2 so one
would think only when this is the case.

¢ [t is not; so simple as loeking at Variances
since the model alsormodels the total off
the errors or tetal taxable amount.

o When precision inrestimating the total is
also) taken! inter account, the model can
miaiker arigr diffierencerevVen WheR pr <
(cv)Z:




Heuristic Example of EER Impact

¢ Goal: Estimate taxable amount to within 10%
with confidence 95%

+ [otal off amounts in sempling frame: $100M
» 20%) are taxable, 80%: are not
» Goal

— Without Model: £ $10M
— Withr Model: £ $2M

s Aldetailed examplereif EER MedelNimpact along
Withran alternative definiticn e precision and
applicationreiFthE medEINSHRFthENZNEGUE:

Putting It Together

¢ Define the stratification and calculate
stratum statistics.

¢ Determine which strata are to be
100% detailed.

o Apply the Expected! Error Rate model

= [iFyoulare not stke WhHELHER 6 Not to
app the medelfthent ruRrthe saimple
Size Gelcllations bethmwWith anawWithout
the expectedierror raterUsertherarger
Valles

V=16




Putting It Together
(Continued)

¢ Calculate required sample size based on
desired precision (or relative precision),
confidence level and expected error rate.

+ Use the Neyman allecation formula to
optimally: allocate the sample resources to
the strata.
= Rempyve 100%:; detaillstrata and reduce sample

Size appropriately:
—ApplyANeyman ermula

=SAnyastrattmiallecatedimerersamplerthanractual
itEmsHS changed teri00 Y6 detallfaneErthie
PROCESSHISHEPEa e NCIUEINERECAICUIEEIGREGK:
thErsamplersize:

Putting It Together
(Continued)

— Apply: minimum sample size requirements

¢ What if the sample exceeds available audit
reseurces? Start ever.

¢ [he CAS must balance stratification,
precision and confidence; level te get a
Sample size; that s acceptable:

& Always Use the mest precise (o moest
COMSERVative and reasonable)restimeate off
Srfor reite,




Minimum Sample Sizes

» Not usually a problem when estimating
taxability (because of fiewer zere values).

& Depends on pelicy about mininmum
number off errors to) project a tax due or
refund.

¢ Expected Number off Errors i al stratumi =
Expected Errer Rate % Stratum: Sample
Siize

s Examples EERN =196 Sample Sizer= 100,
Expected NUMmBER O ERfors =i

Probability of At Least 3 Errors

Somple
30 003|022 | 060 | w17 | a7

Note: Calculations are based on binomial distribution.

I/=20)
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More Considerations

# Total sample size can be very large if
there are numerous strata and a
moderately large minimumi sample.

» Often, more strata lead to lower sample
Sizes — until- minimum: sample; sizes! are
applied:

¢ Depending en Precision and conifildence
|IeVel yeurmay haVereverynen-detailed
Stratumrat themmiRimum sample sizes

Error Structure and Relative Precision

If the errors

— occur randomly: with probability: p,
independent:; of thesitem being sampleds;

— are randemiy: positive orfnegative with
probability m, independenit of the item
Being sampleds

then
—relative pPreCISIon Canl e VERY: PO0I
SIRCEreEasinersemplErsizeNmnay ot el p?

IV=22)
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