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Abstract: Sampling is used to estimate corporate tax credit for qualifying research and development (R&D)
expenditures. Research and development studies encompass multiple year periods, but tax is reported on an annual
basis and qualification for the credit requires that annual qualifying expenditures exceed a base amount. When
sampling multiple years, some taxpayers estimate overall qualifying percentages and apply these to each year's
expenditures to obtain annua qualifying amounts. However, an IRS concern is that a year with qualifying
expenditures below the base amount may be allowed an R&D credit because that year's low expenditures are
masked by other highly qualifying years. The effect of alow year is unclear because a low year would also reduce
the overall qualifying percentage for the time frame, reducing the credit in highly qualifying years, which may
balance credit erroneously taken in alow year. This paper studies estimation of the R& D tax credit in multiple year
studies with variable annual qualifying percentages. We explore whether an overall estimated credit for a multi-year
time period could be reasonably estimated from an overall qualifying percentage, or whether separate annual
estimates are necessary.

l. Irlltroductig_n- Corporate taxpayerrs] _samp;e_ftheir on the relation between Q, and éy, and imposing
yearly expenditures, E,, to estimate their qualifying t ints of t ot 3 _R d 0. th
research expenditures, Q, or QREs, which is the l:\)/;c:avri)glrnoffoisr:tcj)?(;asliclm di(s?:é/rn edy and 0), the
amount of their expenditures that qualify for the y y .

federal research and development (R&D) tax credit Samples to estimate Q, involve extensive interviews
under Section 174 of the internal revenue code. The and great disruption at the taxpayer's place of
tax credit itself is a complex function. Each year, it is business. These are extremely labor-intensive studies
calculated by: for the taxpayer and the Internal Revenue Service

(IRS). Achieving reasonable sample sizes is critical,

Q, _ Ay . R since large studies are cost prohibitive and may lead
e if..—><Qy-By..and..Qy > By taxpayers to use less rigorous non-statistical methods

- to estimate R&D credit. The resource problem is

T, =KIQ, - B,.... |f,,,& >0, - By..and..Q, > B compounded when, as often is the case, estimates are

y y y 2 y y y y . . Rk

s required for multiple years. This may occur when a

[ —— if...Qy < By corporation first makes a profit after years of

development and operating at a net loss.

where,fyis the estimated annual tax credit, y is the Taxpayers reduce sample size requirements by
year, K is a constant that depends on the tax setting estimating the total qualifying amount, Qr, over a
and is 20% for all analyses in this study, &, is the multi-year period then apportioning the estimate,
estimated annua qualifying amount, Qr, annualy based on tt]e kAnown annual
B, =Yk yxQ,; Is the estimated base amount, expenditures, E,. That is, Q) =R E,, where
ki, are statistical constants for a year, and m=3 or 5 R=Q/E andE, = zy E,. An advantage of
depending on the tax year. Note that B, is a linear this method is it requires a substantially smaller
combination of the prior years estimated qualifying sample. The method assumes annua qualifying

percentages are constant over the years, that is,

amounts. The current year qualifying amount, Q, -
annual percentages P, equal P.. WhiIeQ;, may not be

must exceed this base to claim credit for the year.

With unbiased and indenend ) ; h as precise, QT can be made reasonably accurate
'th unbl and Independent estimates of Q, , the using a considerably smaller sample than would be

chpopmts of the tax credit estimate, éy/ 2,By, and required for individual annual estimates of Q,.
Qy — By are each unbiased. However, conditioning
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A disadvantage of this approach is it raises IRS
concerns with the estimated tax credit. To claim

credit, éy must exceed éy. If in redity Py is
substantially smaller than P, some year, this low
qualifying year is masked by the higher qualifying
years leading to éy overestimating Qy that year and

perhaps even claiming credit when it should not be
allowed. However, this low qualifying year aso

lowers the estimated qualifying percentage, P,
resulting in underestimating the (jy in the remaining
years. The question is:

Do the under and over estimations balance
out so that the right amount of credit is
claimed for the multi-year period?

Another complicating factor is the IRS use of
downwardly biased estimates of Q, based on using
the lower bound of 90% confidence intervals. The
bias is extreme when the lower bound is applied each
year to Q, rather than to the total qualifying amount,
Q. Some in the IRS believe the annua approach is
necessary due to the criteria of evaluating whether Q,
exceeds B,.

Estimation must not only be resource efficient, but
should also be reasonably accurate. This paper
explores eight different multi-year estimation
approaches for the R&D tax credit and evaluates the
accuracy of the methods. In this study we are
focusing on estimation approaches, rather than the
sample designs.

Simulations based on random draws from
hypothetical populations were used to evaluate the
different estimation approaches. The hypothetical
populations each cover three years and have varying

Figure 1. Actual Population Parameters

annual qualifying percents, P,. The distribution of the
estimated values, average error, and mean squared
errors (MSEs) were used to compare the estimation
techniques to discern which are robust when the

assumption of constant P, is violated.

I1. Simulation Methodology

To evaluate the different approaches, we created a
hypothetical population data set spanning a three-year
period from 1999 to 2001. The population file is
based on the typicaly highly skewed financial data
found in practice.

Four scenarios were developed for the estimation
variable, Qy. In each scenario, the overall three-year
qualifying percentage, P, is the same, roughly 20%.
However, there are different annual qualifying
percentages in each scenario. In the first scenario,
there is a constant qualifying percent. That is, P, =
20% for al y. In scenarios 2 through 4, Pige iS
gradually reduced while P,oo0 and P,qo; are increased
to keep the overall percentage roughly 20%. See
Figure 1 for the actual population parameters.
Scenarios 1 & 2 have qualifying amounts above the
base in all years. In Scenario 3, the 1999 qualifying
amount is just above the base amount, but in Scenario
4, it is well below and therefore no tax credit should
be allowed in that year.

A single stratified sample was designed for the three-
year period. The expenditures were sratified by
dollars and year so that annua estimates could be
examined (although not as precisely as cumulative
estimates). Three different sets of sample sizes were
considered. The sample design is provided below in
Figure 2.

Qualifying Percent, (Py;) Qualifying Amounts (Q,;) Tax Credit (Ty;)
Base ($millions) ($millions)
Scenario Amount (B,) Scenario Scenario
Year | 1 |2 3|4 ($millions) | 1 2 3 4 1 2 3 4
1999 | 20% | 15% | 12% | 5% $13 $26 | $19 | $14 $6 $2.5 $1.1 $0.2 -
2000 | 20% | 22% | 25% | 28% $14 $27 | $29 | $34 | $37 $2.5 $2.9 $3.3 $3.6
2001 | 20% | 23% | 25% | 28% $15 $24 | $28  $30 $32 $1.8 $2.5 $2.9 $3.2
Total | 20% | 20% | 20% | 20% - $77  $76  $78 75 $6.8 $6.5 $6.5 $6.8

Figure 1 shows the approximate actual values in the population studied for the qualifying percentage, base amount, qualifying
amount and tax credit. All monetary values are in millions of dollars. Amounts may not sum due to rounding. In Scenario 4,
since the 1999 qualifying amount is below the base amount, there should be no tax credit. In the other years the tax credit is a
constant times either half the qualifying amount or the qualifying amount in excess of base, whichever is smaller.
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Figure 2. Sample Design

Stratum Expenditures ($Millions) Population Count Sample Sizes Tested
Stratum Boundaries E 1999 Ezo00 E2o01 N 1999 Noooo Nooor Iarge medium| small
1 $0 to $48k $56 $56 $42 | 1,366 | 1,365 1,036 32 14 5
2 $48k to $59 $40 $39 $38 757 741 722 32 14 5
3 $59k to $122k | $27 $33 $34 394 482 494 32 14 5
4 $122k and over | $1 $2 $2 7 11 10 al all all
Total 123 | 130 117 | 2524 | 2599 | 2,262 316 154° 73

Figure 2 shows the sample design used in the simulations. The same stratum boundaries based on expenditures are used each
year. The expenditures (in millions) and population counts per stratum are shown for each year. Three levels of sample sizes
were tested. With the exception of the certainty stratum, the same sample sizes per stratum were used each year. The total

sample sizes shown are the 3-year totals.

One thousand simulated samples were drawn for each
sample size. The eight different estimators, based on
a combined regression® calculation, were used to

estimate the qualifying amount, éy , and tax credit,

'I:y , for each of the four scenarios. These values were
compared to the true values in the smulation.

I11. Estimators

Eight different estimators are considered and
compared in this study. These include techniques
used by the IRS, taxpayer methods, and newly
proposed techniques designed to compensate for
possible annual over/under estimating in the presence
of low credit years. Both annual and cumulative
estimates are considered as well as point estimates
and estimates based on a lower bound. Below is a
description of each estimator and its formula for its
computation of the annual qualifying amount, from
which the tax credit is derived.

LBA - Lower Bound Annual
Queay =Qy —Mgo(Qy) .
where Mg (@y) is the margin of error of the annual

estimated qualifying amount based on 90% two-sided
confidence.

This is the approach advocated by the IRS. LBA is
downwardly biased and statistically flawed. Over a
three-year period, the triangle inequality applied to
annual variances can be used to demonstrate that the
overall margin of error is less than the sum of the
annual margins of error. That is,

! A zerointercept is expected since no credit is expected from zero
expenditure. Regression estimators were used in this study is to be
consistent with the IRS directive that requires taxpayers to
calculate the mean per unit, difference, combined ratio and
combined regression estimates then use the estimate with the
smallest sampling error. Thisistypically the regression estimator.
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Mgo(Qt) <Xy Moo(Qy) -

LBA also defieslogic. It is possible for the estimated
total qualifying amount to be $20 million, yet the IRS
would only alow $10 million (based on the sum of
annual lower limits) even though a 90 percent
confidence interval may have a lower bound of $18
million for the three-year period. If a downwardly
biased method must be employed to incorporate a
margin of error, it should at least be based on the

more accurate margin of error of ét. This brings us
to the LBC approaches below.

LBC90, LBC80, and LBC60 - Lower Bound
Cumulative Approaches

n ~ ~ \E
QLBCgo,y = (Qt - Mg, (Qt))?y
t
Setting aside the statistical issue for the moment as to
whether the tax credit should be based on a lower
bound estimate of the qualifying amount, if a lower
bound estimate is used, it makes sense to use a more
accurate cumulative figure. A lower bound based on
the overall margin of error still underestimates the

total qualifying amount, Q; , but the underestimation
is not as severe asin the LBA method. 2

Confidence intervals are used to evaluate the
accuracy of point estimates. However, the IRS is
using confidence limits as estimates themselves. Is
90% confidence too much for that purpose? We also
investigated LBC80 and LBC60. Similar to LBC90,
these are based on 80% and 60% two-sided
confidence intervals respectively. These will also

A A - Q
Qiec,,,y =Qy ~Mgo (Qt)A—y isthe another LBC
t

approach and there are many other variations of this method. We
did not have time to consider these alternativesin our analyses.
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underestimate the total qualifying amount, but not as
severely as LBC9O0.

PEA — Point Estimate Annual
QPEA,y = Qy
The annual point estimate, PEA, is an obvious logical

statistical choice. It estimates Qy on an annual basis

from an annua sample.  This draightforward
approach is founded in satistical theory and has
negligible bias with sufficient sample sizes using
combined regression egtimation. Unfortunately,
larger sample sizes are required for reasonable annual
relative precision. However, the approach could be
used with less accurate annual numbers if reasonable
cumulative 3-year accuracy can be achieved.

PEC — Point Estimate Cumul ative

~ A Ey -

Qpec,y = XE_t =R xEy

Using a cumulative point estimate is a possible
solution to obtain more stable estimates with smaller
samples. Some taxpayers prefer this method because
it requires smaller sample sizes than PEA. When
combined over the three year time period,
ZyépEC’y :Qt, therefore, the total qualifying

amount is correct.

The tax credit is another consideration. It can be
shown that the total 3-year tax credit, 'I:t = Zy'l:y ,is
not affected by a PEC approach if each year the same
method, Qy +2 or Qy —éy,

the tax credit. However, even if different methods
are used to determine the credit, the results can still
be robust for estimating the total tax credit.

is used to determine

This method also assumes P, is constant. The IRS is
concerned this may alow credit in a year when
Qy < B, . However, our research shows that this does
not necessary mean over-estimating T;. Even when
credit is eroneously claimed in one year, the
subsequent years are underestimated and the net
result can be over or under-estimating the credit for
the 3-year period.

PECH — Point Estimate Cumulative Hybrid

~ QAPEC ....... |f "QPEA > é
QpecH,y = Y YT
[0 R otherwise
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In an effort to obtain a correct tax estimate in a year
below base amount, a hybrid of the PEA and PEC
approaches was developed. If the annua point
estimates (cal culated using only sample data from the
year in question) shows an estimated QRE is below
base, then take no credit that year. Otherwise, use the
PEC egtimate for the year.

An advantage of this method is it allows taxpayers
(and the IRS) to use a less labor-intensive multi-year
study. Yet it substantially reduces the chance of
claiming credit in a year when it should not be
allowed. The approach will even work when there is
scant data per stratum on an annual basis. Rather
than attempting to estimate an accurate annual value
from a PEA estimator, we are only using the annual
point estimate to determine whether the QREs are
above base.

An obvious flaw is that the taxpayer's qualifying
amount can be substantially underestimated over the
three-year period. The reduced overall qualifying
percentage, gives the taxpayer too little credit in the
remaining years without offsetting underestimated
years with an overestimated year. However, the
sample size cost savings could outweigh the reduced
tax credit estimate.

A mathematical correction for the flaw in PECH can
be made when a zero tax credit year is found. After
dropping that year's data from the sample and the
population, we can recalculate the qualifying
percentage based only on the qualifying years. Then
we can apply that percentage only to the years that
qualify.

PECH2 — Point Estimate Cumulative Hybrid # 2

QPEC,y ...... if --éPEA,y > éy V'y sampled

QPECH Wy = QPEC,y ...... if --QPEA,y > By y

WhereQpec,y is calculated from R/, the qualifying

percentage over years for which CAQPEA’y > éy.

The advantage of this method is that it allows the
sample size reduction of a cumulative estimation
approach without the overestimation of non-
qualifying years as in PEC, nor the under estimation
of qualifying years as in PECH. For this reason it is
expected to be a better estimator than PEC or PECH.
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V. Results

For each scenario and sample size, the eight
estimation approaches were used to estimate the tax
credit in each of the 1,000 simulations. The
distribution of the estimated tax credit was examined
using box plots, shown in Figure 3.

Average errors are shown in Figure 4 and MSEs are
in Figure 5. Only results for the midsize of 154 are
founded in this paper. The remaining results are
similar. All plots illustrate well the bias of any of the
lower bound approaches (LBA, LBC90, LBC80, and
LBC60). These arethefirst four estimators plotted in
each scenario.

Figure 3. Box Plots of the 3-year Total Estimated Tax Credit, n=154
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Figure 3 shows box plots for the distribution of the 1,000 simulated estimates of the total tax credit in each scenario for the
middle size sample of 154 records. The rectangular box is drawn from the 1% to the 3" quartile. The median is depicted by the
line inside the rectangle. The dashes represent the outliers as defined by values that exceed 1.5 times the inner quartile range,
which is marked by the brackets at the ends of the dotted lines. The horizonta line across the center of each plot shows the actual

value.
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Figure4. The Average Error of Tax Credit Estimate, n=154
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Figure 4 shows the average error from each estimation approach. Values of PEA and PECH2 are not
missing in any of the graphs. The average error by these methods is too small to be discernable in

some of the scenarios.

Figure5. Mean Squared Error of Tax Credit Estimate, n=154
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Figure 5 shows the mean sgquared error in the 1,000 simulations using

approaches in each scenario.

On a cumulative basis, Figure 3 shows that only
outliers from the LBA method have a total tax credit
anywhere near the actual value. Thus, the IRS
penalty for sampling is severe. Even with LBC60,
the 75" percentile is still below the actual value.

Average errors and MSEs are the largest with the
lower bound approaches. If these were 1,000 actual
taxpayer claims, Scenario 1 in Figure 4 shows the
IRS would have erroneously denied taxpayers an
average of about $5 million using the LBA approach
(and ill would have undervalued the tax credit
amount an average of $2 million using LBC60).

The last four estimators in each scenario show the
point estimate approaches (PEA, PEC, PECH, and
PECH?2). As expected, the cumulative average errors
and MSEs are generally much smaller with these
approaches.

Although PEC, PECH and PECH2 can overestimate
the low year (1999), Figure 3 demonstrates how they
also underestimate the remaining years. On a
cumulative basis, these estimators seem well
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the different estimation

balanced in that cumulative medians are near their
actual values.

An exception is PECH in scenarios 3 and 4. It is
downwardly biased and has larger errors than the
other point estimate approaches. Recall that in
Scenario 3, the 1999 qualifying amount is just above
base and in scenario 4, it is below.

Figure 3 shows PECH will underestimate the credit in
2000 and 2001 but it does not overestimate enough in
1999 to compensate. This results in a net downward
bias similar to the lower bound approaches. Yet
PECH is an improvement to the lower bound
approaches due to its better performance in Scenarios
land 2.

PECH2 compensates for the shortcomings of PECH.
It behaves similarly to PECH except in Scenarios 3
and 4. Its average error is near zero, behaving more
like PEA. The smallest cumulative MSEs are from
PEA and PECH2.

Overadl, PEA and PECH2 were the best
estimators from a statistical standpoint.
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V. Conclusions

Currently, under the IRS LBA approach, taxpayers
cannot be expected to claim their full R&D credit
using statistical sampling.

True, the downward bias in taxpayer-conducted
samples can be reduced by larger samples. However,
achieving highly accurate samples to significantly
reduce the bias on an annual basisis cost prohibitive.
For example, achieving 10% relative precison with
90% confidence each year in a multi-year study may
require sample sizes exceeding 1,000 selections.

Use of the least advantageous confidence limit, the
lower bound, when taxpayers conduct samples, is not
founded in statistics. It isan IRS policy decision.

When the IRS conducts their own samples, their
guidance suggests using the most advantageous limit
for the taxpayer, which is the upper bound in the case
of R&D. This leads to the reciprocal policy for
taxpayer conducted samples. However, other IRS
guidance alows the IRS to disregard the sampling
error if it is too large. Taxpayers do not have that
option. Still the IRS needs some criteria to insure
reasonably accurate estimates are achieved.

This research has shown that cumulative approaches,
even in the presence of low qualifying years, need not
adversely affect the tax credit when totaled over the
multi-year period.

Taxpayers and their statisticians can continue to work
with the IRS to determine alternative sampling
approaches that are efficient and provide reasonable
estimates for the R& D setting.
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