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ABSTRACT

This study compares two mecthods of statistical sampling for application in a
contracting context. The methods are compared with the intent of demonstrating the
superiority of one method over the other in assisting price analysts and contract
negotiators in expediting processing of proposals for change orders while maintaining
acceptable levels of risk. The Basket Method and Stratified Random Sampling
techniques are examined to determine which method allows a more accurate estimate
of a proposal population to be made. The several populations used in the simulation
have errors planted to represent both random “honest” mistakes and weighted
“dishonest” mistakes. The author concludes that the Basket Method has a more

desirable accuracy pattern than the Stratified Random Sampling Technique.
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! I. INTRODUCTION
o A, PURPOSE OF THIS STUDY
:: ;E The purpose of this study is to examine two methods of statisticai sampling
::g', . which may have application in assisting government price analvsts and contract
| negotiators n expediting processing of proposals for change orders. The study will
S e b axred: ,
A describe how and why the use of statisticai sampling may expedite proposal negotiation
d 3 while maintaining acceptable levels of risk, and will determine which of the two
i'.’t‘;‘- sampling mcthods examined provides more acceptable results under the given
| conditions.
w
oo B. NEED FOR THIS STUDY
\ s Current defense acquisition procedures often involve situations in which
?!_:,,. Departmant of Defense (DOD) agencies must deal with a sole source supplier in
€ 4- ouving material or services. In major weapon svstem acquisitions for example, the
.;‘QI ) Department of Defense typically issues a large number of change orders to modifv an
*"' .~ : existing contract. A lead ship or aircraft production contract may generate over 10,000
WY change orders. Why must such a large volume of change orders be issued? After a
i orume contract is awarded and production begins, design changes are often necessitated
1 ov a change in performance requirements requested by the government or by uniorseen
;i techrnical problems which almost always seem to crop up. Each design change requires
A a modification to the prime contract called a change order. In each case, the
:.{e contractor prepares a proposal reflecting his estimate of what the requested change wiil
:; cost. The two parties (government and contractor) must then negotiate a price for
‘3‘2 each change; and, because the prime contractor is the logical one to incorporate the
oy requested change, there i1s no competition to help assure that the government receives
the fairest possible price. The oniv mechanisms working to assure a fair price for the
:f change order are the adequacy of the contractor’'s estimating procedures, the
;E':: contractor’s inherent honesty and desire to provide a good product at a fair price, an
‘:’; the analvsis of the proposal by government price analysts.
R Federal Acquisiticn Regulations (FAR) require the government to analvre each
\ ',;: ' proposal prior to negotiaticn to assure that the proposal represents a fair price. The
E'a analvsis and negctation of costs for sach proposal is done by some ccgnizant




government agency. Often, a group of government emplovees have been assigned to
perform such functions in residence at the contractor’'s plant. The volume of work
thus generated and the amount of money involved are quite substantial. This volume
of work combined with a lack of sufficient numbers of government analysts leads to
large backlogs of unprocessed proposals. To perform a really thorough analyvsis and
patient negatiation takes much more time than government analysts are currentlv able
to give to a proposal. If aralysts do try to take more time and be more thorough, they
fall sull farther bchind as the backlog continues to grow. Therefore, there 1is
tremendous pressure on analysts to expedite their work even though it is generally
recognized that hurried analysis and negotiation can result in costly overpayvment since
quickness commonly works against thoroughness and accuracy [Ref. 1: pg. 2}.

Unprocessed proposals can result in extra expense for the contractor too. In
many situations involving ongoing production or repair work, tie proposed work is
begun before the proposal is analyzed and negotiated to avoid expensive delay and
disruption costs. The contractor, however, except for partial advances called “progress
pavments”, is not paid until after the proposal is processed. Because of this, the
contractor mayv have to borrow working capital to cover funds tied up in the backiog
thus suffering capital costs.

[t is generally recognized that it is in the best interest of both parties to expedite
the processing of the propesals without sacrificing accuracy. If allowed by the
regulations. analyzing and negotiating a sample of proposals selected with an effective
statistically-based sampling technique could have these effects. [f a suitable sample of
proposals were selected {rom the backlog and carefully analyzed and negotiated, the
resulting data could be extrapolated to estimate what the results would have been had
every proposal received the same treatment.

The reason for auditing the proposal population is to ensure the proposals refiect
cests that are fair and reasonable. During an audit the government analvst will find
that one of three possible conditions exists. First, the governnient may feel that the
proposai has been understated, i.e., the contracter's proposed cost for a change to the
contract is less than the actual cost the contractor will incur. Second. the government
mav conclude that the contractor’s proposal is overstated. Third, the audit findings
mav conclude that the proposal is reasonable. Any overstatement or understatement is
considered to be an error in the propcsal pepulation. A sampling technique which

wliowed no sampling error (with sampling error being defined as the chance that a

“
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::; sampie which s statistically selecred and evaluated will lead to the wrong conclusion or
'EE:-: to an inaccurate projection) would select a sample {rom the population of proposals
“E:::E which, when audited, would alwavs give an estimated vaiue for the population as a
" whole which was exactly correct, no matter what the degree or distribution of errors in
:;;' the preposal population. Since sampling errors are due entirely to chance and are
:: 0 inaerent i any sampling process, we cannot expect a sample of ‘'n” proposals from the
:‘; proposal population to provide an error-free characterization of the "N proposals in
) the populazien.
;‘:.". Assunurg, then, that there will be some degree of error in the prediction of the
5:’:' X true value of the entire proposal population whenever a sampling technique is used: the
’:E behavior cf the degree of error must be predictable and exhibit certain quaiitics in
. order for the sampling technique to be considered appropriate for the purpose
:: described above.

-~ Specifically, the degree of error should not be easilv altered by the distribution,

::. size, or tvpe (overstatement understatement) of errors found in the population. [f
i" certain patterns of errors caused the entire population to be evaluated as understated
'}.-f. then the government would pay more than a fair price for the changes described v the
,‘ pcpulation of proposais which contained those errors [Ref. 2: pg. 7. Since both parties
,‘""‘,' i to the negotiation would have to enter into a binding agreement to abide by the resuits
o of using statistical methods, all aspects of the sampling and estimation process must ke
Ay disclosed in advance. With this necessarv advanced knowledge, a shrewd contruotor
1:" could carefully seed his proposal population with deliberate errors of the aprrepriace
. size, tvpe. and distribution and thereby be awarded a larger pavment from the
“) gcvernment.
B Therefore, the desired sampling technique will not necessarily be the one whichi
;:‘:' results in the most accurate, average estimate for various error arrangements in the
:’: propcsal pepulation. [t wiil instead be the method which responds least to variauions
e in the arrangement of errors.

'_‘:3 C.  METHODOLOGY |
3 ' As mentioned previously, the purpose of this study is to examine the effectivenaess
}:L of two sampling techniques that appear to be most suitable for the purpose of

; analvzing contract change orders. Tne two sampling techniques to be studied ure
o Stratified Random Sampling and the Basket Method. In this study, the two methods
Y

. will be used to draw samples from populaticns for evaluaticn. The populaticns were




 moa Ada s o oy

previously used in a joint study of the American Institute of Certified Public
Accountants and the American Statistical Association [Ref. 3]. The data consist of two
columns of values which represent the proposed, or bock value of a contract change
and the audited or true value of the change. The populations are rigged with either
random or pianned errors. The samples drawn by the two methods from cach
population will be evaluated and compared to determine which method gives a better
estimate of the whole population according o the goals described above. Beth the
error rigging and evaluation steps are exrlained further in the description cf the
sIrmu.ano:n.

The amount of work associated with auditing is more closely correlated to the
rumber of items being audited than to the total dollar value of all the 1tems being
aud.ted. Therefore, the sampling rules of the two methods will be adjusted so that they
will draw samples with the same number of proposals from each pcpulation. The
results of this study will then indicate which method vields the more desirable

pradiction while holding the cost of the audit constant.
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I1. THE BASKET METHOD

- A. HISTORY

The "Basket Method” of sample selection was developed by Dr. K. T. Wallenius,
Professor of Mathematical Sciences at Clemson University. Development of the
Basket Sampling method was sponsored bv the Office of Naval Research and Naval
Material Command and funded by the Office of Naval Research under its Acquisition
Researcn program. The Basket Method was developed as a potential tcol to assist
price analysts and contract negotiators in expediting processing of proposals for change
orders when dealing with a sole source supplier.

B. DESCRIPTION

The name "Basket Method” is derived from the manner in which the population
18 partitioned into separate groups (baskets} prior to randomly selecting one of the
baskets as the sample. The goal of partitioning the population into baskets by the
basket assignment process 1s to make each basket a good representation of the
population as a whole. It must be stressed at this point that “representative” should be
thought of In terms of bid prices onlv.! Because each basket is representative of the

population as a whole. the spread and proportion of proposal values will be nearly

Ca

entical to those cf the population. Therefore, it makes no difference which basket is
seiected to be audited in detail. The following example will describe the use of the
tasket method technique.

i. Basket Assignment

Immagine having a population of 100 proposals (N =100) from which a 10°
sample (n=10) 1s to be selected. The prcpcsals are then arranged in order of
decreasing bid price and numbered accordingly; that is, the proposal with the largest
oid price 1s number 1, the second largest number 2. and so on. The proposals are now
ready to be separated into 10 different baskets. Starting with proposals 1 through 10

(those with the largest bid prices), one proposal is placed in each basket. Lach

U1t is realized there may be other relevant factors besides bid price that should be
considered in the definition of “representative”. For the purposes ol this paper.
" hewever, 1t will suffice to say that sophisiicated software can quickly balance basscets
‘ for tvpe of work, degree of [abor intensity, level of technology. etc. In short, whatever
characteristics are identified as potentiaily imiportant to the vaiue of an audit wiil be
‘balanced” by thie basket method where possibie.

11
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successive group of 10 proposals are assigned, one-per-basket. using the following rule:
the largest unassigned proposal is placed in tne basker with the smallest sum of bid prices.
For the second grecup of 10 proposals, this rule results in pairing proposal 11 with 10,
12 with 9. ..., and 20 with 1. Basket subtotals are then calculated and the assignment
rule applied to the third group of 10 proposals. This is repeated until all the proposals
have been assigned. 'Refl 1: pg.10]

Due to the balancing of basket totals at each stage of the basket assignment
process, the resulting assignment should result in nearly equal basket totals. Should
wdditional balancing be required, the previously mentioned computer program can be
used (via a swapping algorithm} to bring basket totals into closer agreement.

Estimating Negotiated Prices for Unsampled Proposals

After the baskets are formed. one is selected at random and all its proposals
are audited and negotiated. Using the results of the sample negotiation, the sample
ratio factor, R. is computed as in equation 2.1.

R = Total negotiated price of sample Total bid price of sample (egqn 2.1)
The totai proposal value of the population is then multiplied by the sample ratio

factor. R, to determine the population audit result. This value will be the esirnared

. =]
true value of the population.”

“The sample ratio factor could also be applied individually to each unsampled
proposal, the values summed and the total added to the sum of the negotiaied wuiuos
of sumpled proposals. The result weuld te the same.
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III. STRATIFIED RANDOM SAMPLING

A.  THE CASE FOR STRATIFICATION

Stratified randem sampling is simular in many respects to the technique of
unrestricted random xanﬂpling.3 The major difference is that the population is divided
InTo two or more groups (strata), cach of which is then sampled separately. The results
can then be combined to give an estimate of the total popuiation value.

The primary ojective of stratification in auditing is to reduce the impact oi the
population variance on the sampling plan. Basically, a population of heterogencous
items {2 population with large variance) is broken into two or more groups or strata of
a more homogeneous nature (groups with small variances). The total population
variance 1s unatfected ov this process. However, it should be intuitivelv clear that
within ecach group so constructed. the strata variance will be smailer than the
popuixtien variance. [Ref 4: pg. 149]

To ilustrate, suppose a population consists of seven items--{ive have a value of

g

I each. and two have a value ot S3 each. The variance of this population is close to

S1, but by forming two strata with the five items vajued at S1 each in one stratum and

»

‘he remaining two items of value $3 in the other stratum, the varniation of each stratum
is 0. This reduction in variance by the formation of two strata has important
implications ror the amount of sampling error and the size of the sample required. The
relationship can be summarized as follows: Given any population of size N, the lower
the variabiiity, the smaller the sample size required to achieve any given precision® and

reiiability” requirements. [Ref. §: pg. 12]

While the above example 1s verv simplistic and hyvpothetical in nature, 1t does
lustrate the fact that by taking a relatively heterogeneous popuiaticn and dividing it

uD intc homogeneous groups the variance of each group will be smailer than that of

The principle involved in unrestricted random sampling is that every element in
the Wopulatlon should have an equal chance of being included in the sampic. Since
‘randemness” is difficult to achieve without some kind of aid. a random number table
or a comptterized random number generator are often used to insure random seiection.

*The range within which the true answer most likely falls.

“The iikeiihood that the rue answer will tall within the established range. I: s
usualls expressed as a percentage, being the number of times out of one hundred *
the true answer would be contained within te determuned margins.

12
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the original population. As a result, the sample size required will be smaller ran if
unrestricted random samples were taxen; or alternatively, the reliability wouid be
higher or the precision limits narrower. Stratification should therefore ve applied 10
heterogeneous populations which can be divided into fairly uniform strata on the basis
of some criteria that affects the variable being studied. Under these circumstances.
stratification usually achieves greater precision for a given cost. On the other hand.
stratification i1s unnecessary in homogencous populations where there are no discernible
strata that will aflect the results.

To use stratified sampling, three general rules must be adhered to [Ref. 6: pg. 96}: ‘

1. Every element must belong to one and only one stratum.
2. There must be a tangible, specifiable difference that defines and distinguishes
the strata.

R 3. The exact number of elements in each stratum must be known.
“ B. DESCRIPTION OF STRATIFIED RANDOM SAMPLING
e Once the decision has been made that stratification would be beneficial in the
X sampling process, there are several steps that must be taken. These steps will be briefly
s discussed below.
:: 1. Establish the Desired Precision and Reliability
» S:atistical samples are evaluated in terms of “precision,” which is expressed as
a range of values, plus or minus. around the sample result, and “reliability” (or
‘-Z confidence), which is expressed as the proportien of such ranges from all possible
S similar samples of the same size that would include the actual population value.
.

" ‘Ret. 7/ pg. ]

’ Basically, the statistical measures of precision and reliabilitv have to do with
how accurate and reliable the sampler wants his sample results to be. An example of
5: the application of these two measures is helpful in understanding the concepts.
5y Suppose an auditor is designing a statistical test based on a desire to obtain an
- estimate of an audited account value to within S10,000. The $10.000 amount reflects

1‘ X k2 auditor’'s judjment as to what wouid constitute a material deviation in reported
o values. In other words, the auditor does not want his estimate of the audited account
value to be greater than S10,000 (either plus or munus) awav from the true audited
= account value, Reliability is a closely related concept. The auditor’s goal 1s not criv
‘. ' 1o obtain 2n estimate within the materialitv limit of $10.000 but also to be reasonablv
% Cliwa iy ; £ ¢ i . - C t . . vl rally (y-
Y, cure thus this estimate is sound. Because only a sample is observed judzmentaily o:
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statistically in most audit situations, cer:ainty is impossible. Generallv accepted
audiung standards recognize this by requiring reasonable assurance rather than
certainty. Reliability is the statistical measure of that level of assurance stated as a
preportion. For example, a proportion of 0.95 indicates that the auditor wishes tc
achieve a 957 level of reliability that the reported amount is not materially different
~oids or munus $10.000) from the audited amount.

Specification of a probable range for a popuiation parameter--a plus or minus
for error--1s crucial in indicating the reiiability of estimates. This process involves the
canstruction of a confidence interval for the population parameter being estimatad. An
in-depth lock at confidence level construction is bevond the scope of this studv
however, and it is suggested that the reader consult any good statistics textbook for a
detailed discussion of this topic. For this study, no specific precision and reiiability
levels will be set: the purpcse of this study being to compare the results of the two
sampling methods to each other rather than to attain some specific level of accuracy
and reliability.

2. Designate the Strata and Strata Boundaries

For all practical purposes. there is currently no existing way to select the
cpumal number of strata or the strata boundaries [Ref 4: pg. 138]. Useful rules do
exist, however. Ideaily, the auditor prefers to base stratification decisions an the
specific variable cf interest. In most audit applications, the variabie of interest is the
aumber of audited account values. There is a problem here, however. in that the
nuniber ¢ audited account values is not acwually known until afer sampiing.
Forunately, 2 good substitute for audited account values--reported aczount
values ook values)--is usually availabie. The auditor generally expects a reasonabdlv
high correiation between the available reported account values and the obtained zudit
acoount values, and can be reascnably confident about basing strat:fication decisions
on tire svailable unaudited reported account values. However, this does linut the
oenctits of stratification in that, all other factors being equal. unless the correletion
betveen reported and audited accourt values is perfect, the errors introduced »v a
partcuiar audited account value belonging to different strata thar the relared reported
arcount values will eventually negate any further benelits that can be obtained v the
addition of new strata.

[t s probably somewhat clear by now that, from a practical viewroint, *he

rdentilication of strata is a heuristic process (a sort of educated guessi. In an ruditng




context, the approach that is most likeiv to be beneficial is to obtain some idea of the
underlving character and distributional properties of the populaticn cf reported
account values (bock values). This can be done manually, put the results are much

ore meaningful when a computer can be utihized. The various output obtainable
fzcm a computer, aleng with a pbasic understanding of the data, mayv enable the anditor
1o suhiectivelv seiect strata of a reasonable nature. In some cases. the data may icnd
themeclves t¢ obvious s:rata divisions, burt in most situations this will probably not be

the case.

wn

Even if there are a certain number of obvious strata, say two, there are {urther
quesuons to be asked. For example, if the use of two strata contribute to a substantial
decline in the population variance, one might reasonably ask, “If two strata gave good
results in reducing variance, wouldn't the use of four strata give results that are twice
as goed™? The answer is, aithough an increase to four strata might also be beneficial,
it wou.d probably not lead to as large a reducticn in the variance estimate. In fact,
such Jimunishing rewurns are observed as the number of strata increases. The first
doubling of strata--from one to two--can produce variance reductions of as much as
60, or T0°, [Refl d: pg. 139]. However, a second and third doubling tend to curtaii
the incrementai reductions to about 25" 'Ref 4: pg. 139]. Theretore, there is seme
no.nt at which the addition of more strata will no longer be useful in reducing variance
estimates, and mayv in fact increase variance. The only practical wayv to estabiish “iie
limits of strata benefit i1s by computer simulaticn. As a general rule, ¥ 10 10 siruta

usuaily acccunt (depending cn the particular population, of course) for most of the
avolabie varance reduction.

Given the number of strata, the auditor must then deterrune how and where
o st strata boundaries. Ideally, strata boundaries should be estabiished on the hasis
of audited account values, as before. But when these amounts are no: avauabhle,
reporied (book) account vaiues are commormiv used as the basis for setting most
-sundary values. This substitution will work weli if reported account values and
audited account values are closely correlated.

Strata boundaries mught be set using the equal dollar vaiue per strata ride,
wihich. as the name implies, means arranging the strata boundaries such that cach
straza has approvimatery the same doular vaiue: cor. becundaries nught e estadishad

hased on the equal variance rule where each strata has approximateiy the same varance

naasure.
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Another rule, sometimes referred to as the Q-SUM or CUSUM rule.

L)
-

establishes the strata boundaries by first creating a frequency distribution of the

L5 ot
) {.’."

0 recorded (book) account values. The square root of the {requency of recorded accoun:
[t values in each category is then computed and summed and the resulting total is divided
KRG . avone desired number of strata. The auditer atiempts to create strata by accumulating
":;. the squared f{requency measures in sequence until the cumulated sum (CUSUN; 15
»i:T:j approxiniaiely equal to the total accumulation divided by the number of strata. The
bt rext strata is then composed of the next grouping in the sequence such tnat the
.4;_, CUSU M is approximately equal to twice the total accumulation divided by the number
i_:'_'.: of strata. [Ref 4: pg. 161]
:_f.: For this study. the population will be divided into 10 strata based on the book
~ value amount of the audit unit. Stratification by bock amount is helpful when the
LR ocok amournts of the audit units are reiated to their audit values [Ref. 3: pg. ”7]. The
‘5’3 croice of 10 strata was made to facilitate comparison with the Basket Method in thut
-:i" 10 "baskets” will be used when applyving the Basket Method in this study.
-‘ Strata boundaries will be set using the equal dollar value per strara rule.
, Azain, s rule 1s used to facilitate comparison with the Basket Method where basket
";-;‘ totals are nearly equal due to the unique basket assignment process. [t may seam that
':— if the ‘equa! dollar value per strata” rule is used that, conceptually, there is no
A Jifference hevwveen the “strata” formed under Stratified Random Sampling and the
Wl ~asxess” formed using the Basket Method. There is in fact a significant difterence that
; :E".E stenis from the distinctive wavs in which the strata and baskets are formulated. Under
_;": ine Busket Method, the population is partitioned into baskets in such a wayv tha' each
Ky ~asXetwil have approximately equal dellar vaiue and contain approximately the same
} nuarmther of individual elements. Under the Stratitied Random Sampling Method. strata

are alse parutioned so that thev cortain approximately equal dollar value our the

Yy
<

v
. A,[L

o rumber o individual eiements in each strata mav varyv drasticaliv.

' " 3. Sample Size Determination and Allocation

+* Two methods are generally used to allocate a tetal sample to individual vtrata
§E’j ‘Ret. 60 pg. 9710 One method is xrnown s proportional «focation. Ia this metiod, the
5:1 reroentege of the sample allocated to cach straium is the same as the percentage of the
s Ttz rooiaten acesunted for by that siratum, That s,

',' . o= oo X NN




where n, represents the sample size for the ith stratum, n the total sample size, \. the
number of population items in the ith stratum, and N\ the total popuiation size.

A generally more effective method, however, 1s optimal allocation. Optimal
allocation allocates the total sample to the individual stratum on the basis of the

refative” stratum size, N, and the stratum standard deviation, SD.
n, = n X N.SD; :NiSDi (eqn 3.2)

In equatior. 3.2, SD, represents the standard deviation of stratum i. All other variables
are the same as in equation 3.1.

Although the optimal allocation method is generally more effective, the
proportional allecation method will be utilized in this study. Proportional ailocation
wiil give more meaningfui resuits (for comparison with the Basket Method) for this
investigation given that strata boundaries are being set using the “equal dollar value
per strata ruie.” If optimal ailocation were used, in two strata the sample sizes
caiculated using equation 3.2 would be greater than the total number of elements in the
strata. [f this were to happen in a reai world sampling situation, each affecied strata
sample size weuld be sct equal to its population size and sample sizes would be
recalculated for the remaining strata. The saturated strata would then be audited 100
percenit. To do tiis for this study would not facilitate comparison of the two methods
of sampling under “lixe” circumstances.

The sample size computations depend on whether the optimal or proportional

aliccation method is used. There are equations to be used for each method in
calculating the appropriate sample size required to achieve a stated level of precision
and reliabthity. The equations will nct be enumerated here because sample size
requirement calculations are not required to be made for the purposes of this study.
This 15 because in actual applicaticns where the true value of the population s not
krown the only way to be reasonably certain that one’s results are valid < by
complving with rules which wiil tie the audit to staustical theorv. The <ampliing ruies
fcr Stratified Random Sampiing are designed to do just that, so that the auditer who
tfoilows the sampling procedures wili be able to deternune the extent of the aud:
required to achieve the desired icver of certainty.

In this stadv the true values of the proposals are known. as are the s.7e and

distribution ¢f errcrs, and the Strattfied Random Sampling method 1« net being
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compared to its theoretical limits, but to a second method to determine which of the
two 1s the more desirable in a certain case. The sample size is this studyv will be chosen
arbitrarily, and is further described in the Description of Simulation section.

4. Select a Random Sample of Size n, From the Strata

(o7

. Calculate the Mean of Each Stratum Based On n , for each Stratum
. Calculate the Estimated Audited Population Total
This calculation involves taking the mean of each stratum (derived in step 5

o

above), multiplving it by the total number of items in the stratum and then summing
the resuits. This gives the estimated audited population total which can be

mathematically represented as follows:

11
bl
Z,

(eqn 3.3)

where ¥ represents the mean of stratum i, \;, the total number of items within stratum
1. and S XN\, the sum of (T \)).
7. Check Reliability of the Estimated Audited Population Total
This step involves conciuding that one 1s certain at the reliabiiity specified in
Step 1 that the true book value is within the estimared audited population total plus-or-

munus the achieved precision.”

“Troare 1s a formula which can be used 1o caleulate the achieved precision. Ihe
acinesed preasion <hoaid aiwavs be les< than or equal to the desired or acieptune
rreciwon. 7 the achieved precision 18 greater than the acceptable preu<ion, e ~mr.e
voe s wnsadfiaent hecause the preasion aimut s too wides I this were the cu-e e
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IV. DESCRIPTION OF SIMULATION

A. DERIVING COMPARABLE RESULTS

As menticned previously in this paper, the desired sampling technique is not
necessariiy the one that results in the most accurate, average estimate for proposal
populations with varving error arrangements. A more important characteristic of the
Jesired method will be that it responds least to variations in the arrangement of errors.
In other words, it will be the method which is more consistent in 1ts predictions over
various error arrangements and patterns. Since it is the consistency of the drawn
sampie which is of interest in this investigation, the sample selection process of both
the Basket Method and the Stratified Random Sampling Method will be used to draw
saumpies from the same populations. The samples will then be evaluated according to
the basket method. which will give an estimate of the true value of the population, to
see howv well euch method’s sample retlected the value of the population.

The rules of the basket method will create the identical set of baskets {rom a
given popuiation every time they are applied. Therefore, the “"baskets” of the basket
method can easilv be evaluated by a complete review of the specific results. The rules
of the Stratitied Random Sampling technique also provide a finite number cf sam.ples.
but that number is significantlv greater than the number of different baskets.

[0 evaiuate the sampie drawn with the Stratified Random Sampling ruies, the

sample s treated as f it were a basket. Then, the sample is evaiuated using the busket

nieircd evajuation technique; that is, all of the sample’s resident proposais are audited
and herr true value is divided by their proposal value. The resulung lactor s
mufupied agamnst the population proposal total (o determine the best estimate o, the

true total value of the proposai population.

B. CREATION OF THE TEST POPULATIONS

Using the general purpose statstical computing svstem Minitab, the onzinual
ropuiiton was seeded with errors at a 37« and 10”, rate of occurrence in 1 rand.m
Jierimunon, The 22, error population ipopulation A ) was then skewed o orm o
addiirnai test poputations. One ipepuiation By had its errors saewed strongs o0 s
mishor vaued propecais, and the crher cpopulation O) to ats jower vaiued rroposes

Phe ohial dolar amount of error and nunper ol overstated preposals tunned

M
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constant during the skewing procedure. All populations were created in both a
“dishonest” version which had overstatements only and are named with single letters
{populations A.B,C.D, and E), and in an "honest” version with both overstatements
and understatements named by double letters (AA,BB.CC.DD, and EE). Except for
the sign on each error, the single letter named populations are identical to their double
letier named counterparts. Therefore, pepulations AA, BB, and CC differ from their
single lettered counterparts only in the fact that thev contain both errors of
overstatement and understatement. The popuiations with 10%% errors differ in that E
and EE. while containing the same number of errors in the same distribution and sign
as D and DI respectively, have errors of much larger magnitude, so that the sum of
thie dollar value of the errors make up 10% of the population in E and EE but cnly

1”5 of the population in D and DD. The populations are described in Table 1.

TABLE 1
POPULATION DESCRIPTION

NAME A B C D E
Population 8,300 8.300 8,300 8,300 8.300
Erroneous Proposals 3% 5% 5% 1075 102,
S Errors X S Proposals 9%, 9%% 9% 1%% 10%a
Tyvpes of Errors + = + + +
Skew (none, high, or low) N H L N N
NAME AA BB CC DD CE
Population 8,300 $.300 8.300 8,300 5,300
Erronecus Proposals 5% 5%, 5% 10775 1.
T S FErrers T S Proposals 9°% 9% 977, 1%, 100,
Tvpes of Errors - - - - - . - . - -
Skew tnorne, high. or low) N H L N N

C.  SIMULATION EXECUTION
Simuidations were run on all pepuiations using both a Basket Method eviiuating

rreozrem oand o Stratfied Randeom Sam:ling precedure which was Jene murualiy
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P. Tortorelii for use in his thesis at the Naval Postgraduate School [Ref. 2: pg. 1S].
This program, written in Waterloo BASIC, is listed in Appendix A. The Stratified
Random Sampling simulation process is detailed in Appendix B and consists cf the
following basic steps. Each step is referenced by line number to its actual application
in Appendix B:
1. Stratify the Population
{Appendix B line numbers 6 - 45)
. Allocate the Total Sample to the Strata
(Line numbers 4§ - 80)
. Select a Random Sample From Each Strata
(Line numbers 81 - 130)
4. Calculate the “Book Value” sum for Audited Items
{Line numbers 131 - 133)
5. Calculate the “Audit Value” sum for Audited Items
(Line numbers 134 - 130)
6. Calculate the Correction Factor

r2

A3}

(Line numbers 137 - 139)
. Calculate the Predicted Population Audit Total
{Line numbers 130 - 142)
§. Calculate the Percent Error
(Line numbers 143 - [48)

As mentioned earlier, ten baskets were arbitrarily chosen for the Baskot

Method: this resuited in 830 proposals per basket. Ten strata were then chosen for the
Stratified Randomi Sampling Method with a total sample size of $30 to be selected.
Strata boundaries were set using the “equal dollar value per strata” rule; therefcre, each
strata has approximately the same total dollar amount contained within 1t. This rule
was used because it allows better comparison with the Basket Method in that each
"basket” {ormed under the Basket Method sample selection process has nearlv equal
dollar basket totals. Ten trials were run using the Stratified Random Sampiing
selection method.

The ten audit results for each sample selected by the two methods were then

divided by their respective proposal sums to derive the correction factors as foilews.

F = Total audit sum of sample Totai proposai sum of sample fequ 4.1

- * ", “s ) ." -.\. e \’n"- Y
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These correction factors were multiplied by the sum of all proposals to derive the

predicted true audit total {or the population. That is,
PTAT = F x PSUM (egn 4.2)

where PTAT represents the predicted true audit total for the population, F. the
correction 1acter, and PSUM the sum of all proposals. The difference between the
precicted true audit total and the actual audit total was then divided by the sum of all
proposals 1o give a percent error for each basket and trial. This calcuiation can be

mathematically represented as follows:
PE = (PTAT - AAT) PSUM (eqn 4.3)

wnere PE represents perceat error, PTAT, the predicted true audit total for the
repulation, AAT, the actuai audit total for the population, and PSUM the sum of all
rroposals. The mean percent error for each method was then calculated in the

rellowing manner:
MPE = ZPE 10 (egn <.4)

where MPE represents the mean percent error and LPE the sum of the individual
sercent error amounts for each trial. The mean percent errors {or each method by

Spulation are listed in Table 2.

TABLE 2
SIMULATION RESULTS (MEAN ?5 ERROR)

NAME A B C D E
Basket Method 7790 IR 728 089 629
SRS -.898 1.011 783 =078 -.639
NAME AA BB CC DD CE
Basxer Meathod 901 §33 1.0689 003 !

1)
‘n
(O]

1.367 - 103 971

SRS -.936 -1

I |
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Detatled results are shown in Appendix C. A positive percent error represents
an oversstimate and a negative percent error represents an underestimate. With the
excepticn of population D, the Basket Method of sample selection was always more
accurate with overstatement errors. For the populations with both overstatement and 4
understatement errors, the Basket Method was more accurate across the board. The
Jata ‘rom Table 2 are perhaps more vividly illustrated when expressed in a Jifferent
raanner. The Basket Method errors are expressed as a percent of the Siratified

Random Sampling errors in Table 3.

TABLE 5

BASKET METHOD ERROR AS A %
OF STRATIFIED RANDOM SAMPLING ERROR

NAME A B C D E
Percent 83 56 92 114 93
NAME AA BB CcC DD EE
Percent 96 68 80 61 79

The average or mean value {in this case mean percent error) n a set of
measuraments is only one important summary figure. It is aiso important o0
summarize the extent to which values differ among themselves or about a central value.
Ore of the most usetul statistical measures of variability is the standard deviaticn.

This measure 1s based on the concept of deviations from the mean. The deviation of a

sampie measurement ¥, from its mean ¥ is defined as (V- ¥). The standard

deviatien of a sampie of “n” measurements V,, V,. . . .. ¥, is defined to be the square

root of the sum of the squared deviations divided by (n - 1). The standard deviation, s,

can pe Jcnoted as follows.

As previcusly mentioned, the measure of standard deviation may be used to show the
roe o varnat:on among values in a given set of data, or it mav be used to

suppiement an wverage to Jdescribe a group of data. It also may be used to compare

‘.

cn2 ogroup of Jdata with ancther. When the standard deviation s high, the average

few
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(mean) is of less significance as a statistical measure. When the standard deviation is
low, the value of the average is considered to be a highly representative value.
The standard deviations of the percent error for each method were caiculated

using the data from Appendix C. The resuits are given in Table 4.

TABLE 4
STANDARD DEVIATION OF MEAN PERCENT ERROR

NAME A B C D E
Basket Mcethod 723 368 473 083 462
SRS 698 584 381 059 470
NAME AA BB CC DD EE

Basket Method 339 .790 .800 085 601
SRS 915 1.028 1.332 062 586

[n looking at the results in Table 4, the significance of the standard deviation figures
lies not so much in whether thev are considered to be high or low: the significance lies
in the comparable sizes of the standard deviations between the Basket Method and the
Stra:zified Random Sampling Method. What this means is that the mean percent errors

“

for toth methods have about the same ‘representativeness” as far as being a good

summary statistic. This lends more credibility to the simulation results as a tasis for
compansen of the two methods.
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S V. SUMMARY AND CONCLUSIONS
N A.  RESISTANCE TO PROPOSAL RIGGING

o

[n order to herefit {rom the potential time and labor savings a sampling svstem

ATl
*3

offers, the sampiing technique must pe resistant to padding schemes. [f not. a
dishenest contractor has much to gain by trving to selectively pad proposals.
Therelore, as mentioned previousiv, the primary goal s not necessarily to Jeternune
which of the tao metheds is the most accurate, but to see which one least henefits
attemrted padding sciemes. When comparing a method’s performance oetween tie
sinzle and deutle ietter versions of a population it can be seen in Table 2 that both the
Basket Method iwith the exception of population D) and the Stratified Random

Sampling methed are stricter when esumating the value of the overstaiement-ony

NIRARY: el

ropuiation than when estimating the value of the “honest” populations. Therefore,

J

adding one’s contract proposais with overstatements in random. low, or high skewed

JIsIrioutions prior to submitiing them to either method for evaluation is not lkely to

raise the resuiting estimate for the popuiation, but 1s instead likely to iower the

esumated value, However, except for popuiation D, the samples drawn with Stratfied
andom Sampling aliowed the overstatement only (padded) populations a larger

esunace than dic the sample drawn with the Basket Method.

B.  EVALUATION

Assuming honest contractors are as likely to understate as overstate their costs

and dishones: cenlractors are nct, honest contractors will be more successful rexcept

or pepuiations D and DD under the Basket Method) than dishonest contractors under

23

ther of the sampliing methods. Since the Basket Method allows less benefit 10 accrue
1o the dishonest contractor than Stratified Random Sampling. and because it gives a
mere accurate estimate In general, the Basket Method is judged to be a more desirabie

samipiing method {or the purposes addressed in this paper.
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AREAS FOR FURTHER RESEARCH
Some suggestions for further study are:
Fewer or more baskets and strata may be used.
The Basket Method can be compared to other sampling methods.
A data set with much smaller variance in proposal size could be used.

Aduitional error arrangement strategies can be developed and tested.
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APPENDIX A
BASKET METHOD PROGRANM LISTING

vl REM THIS IS A PROGRAM TO PROCESS DATA USING THE BASKET METHOD
{20 REN DATA IS INPUT FROM A FILE. SEPARATED BY COMMAS, AND LISTED
to]a0 REM AS PAIRS OF VALUES FOR A BID. THE BOOK FIRST AND THE -
00lat REM AUDITED VALUE SECOND. THE PROGRAM EXPECTS 'DATPOP PAIRS
ouls) REM OF VALUES., DATA MUST BE IN DESCENDING ORDER BY BOOK VALUE.
N0 REM

10220 REM ** DIMENSION VARIABLES **

NC200 RENS

colee DIM ASUMA0Y BSUM(S0), ANEXT(50), BNEXT(30)

U286 DM ERRORP(0Y, FACTOR(S0), ERRORA(30)

G300 REM

0320 REM ** SET CONSTANTS *#*

A034y REM

00260 B = [0 "NUMBER OF BASKETS

QN3N0 DATPOP = 8300 ' NUMBER OF DATA PAIRS

GO=00 BPOP=INT(DATPOP.B)  INITIATE RUNNING TALLY OF DATA PAIRS READ
20 OPEN =3, TEST RECFM F LRECL 80y, INPUT

(0ddy ATOT = 0

aodo BTOT = 0

L0380 BPOPL = |

e FORJ = 1 TO 10

neX2y ASUNM Iy =0

ao3de BSUMy = 0

nosan NEXT J

a0ASu LES = 0 ' SUM OF ERROR SQUARES

et EED = 0 ' SUM OF BASKET DOLLAR SQUARES

ifoug REM

o2 REM ** ROUTINE TO READ IN DATA  **

crady REM

1oen [F BPOPL > BPOP

aiese GOTO 4000 "IF NO MORE DATA, THEXN PROCESS

niing ENDIF

J1:2 FORI =1TOB

Opian INPUT =3, BNEXT(I. ANEXT(D)

pleo NEXT I

1S BPOPL = BPOPL + 1

026Gy REM

O_t20 REN ** ROUTINE TO SORT PARTIAL SUMS I\ *#

c 2020 REND *% BASKETS IN ASCENDING ORDER - **

3060 RE M

2ot o=

2R
.............
----------------- T D N ST rlelele
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N2100 WHILE ] < B

02120 IF BSUM(D > BSUM(I+1)
bk 02140 Cl = BSUM(I)

' (2160 C2 = ASUM: D)

02130 BSUMiLj = BSUMI+1)

- 02200 ASUM D) = ASUM(I+-D
Ny 02220 BSUNMI+1 = Cl
‘ (12240 ASUNM[=1) = C2
:-. . 02260 IFI ~ 1

14 2250 [ =1-1

R 02306 ENDIF
N (2320 GOTO 2120

o 02350 ENDIF

o 02360 1= [-1
b, 2380 ENDLOOP

03000 REM
2 03020 REM ** ADD NEXT ROUND TO BASKETS **
o 03040 REM
o 03060 FORT =1 TO B
' 03080 BSUM(l) = BSUM(I) + BNEXT(I)
§'.- 03100 ASUM(D = ASUM(D ~— ANENT(I:
— 03120  NEXT1
Y 03140 GOTO 1060
585 03000 REM
- 04020 REM ** ADDING ROUTINE **
L2 04040 REM
03560 FORI1 = 1TOB

SO 0430 BTOT = BTOT — BSUM(D)

o 04100 ATOT = ATOT + ASUMI)

o 03120 NEXTI
b/ 0<lav FOR1 =1TOB

y fdi60  FACTOR(I) = ASUM(D BSUM(I)
- 03130 ERRORA(I = BTOT * FACTOR(D) - ATOT
;:;'. 04i33  EES = EES ~ ERRORA(I) * ERRORA(D)
O 01190 EED = EED + BSUM(D) * BSUM(I)
4 03200 ERRORP{I) = 100 * ERRORA(I) BTOT
O 04220 MAE = MAE + ABS(ERRORA(I)

ol 04240 MPE = MPE + ABS(ERRORP/[))

3 4200 NEXT I

:‘.-i' 23250 MAE = MAE B
e (4300 MPE = MPE . B
we 03000 REM

o 03020 REM ** PRINT RESULTS **

o, 03040 REM
HoN 03060 PRINT 'BASKET BOOK VALUE AUDIT VALUE FACTOR “.IRROR KRR OI'P
: :: 03IGN) FORMOS= TOTAL =zzmzzsms on szzzons sz £ szes =z oszos sooze =m)
I . O5100 FORMIIS=' zz2 zzzzzos oz =2mzomses sz 2 gzos = oznz ooo==o oz
$a
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FORMZ2S="MIAN m mzmm zzssm ooz
PRINT USING FORMOS, BTOT, ATOT. ATOT BTOT. 1o BTOT-ATOT) BTOI &
& BTOT - ATOT
ORI =1TO8B
PRINT USING FORMIS, I, BSUM(D, ASUMiD FACTORD, ERRORP(] v &
X FRRORA: D
NEXTI
PRINT USING FORM23, MPE, MAE
FORM= DOLLARS mmmmomn =z Zmoozrs ma
FORMJIN="CONTRACTS Zmmmsmen 3 e T
PRINT MEAN AUDIHIED S. D
PRINT USING FORMSBTOT BSORUGB*EED - BTOT"BTOT ) «B*iB-1+1)
PRINT USING FORMAS,DATPOP BO
REM
REM “* CLEANUP =*=
REM
CLOSE =3
END
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APPENDIX B
MINITAB SIMULATION OF STRATIFIED RANDOM SAMPLING

1 MTB > nare c22 ook oI Caudit
2NMTB O~ sum e22 K1

3 SU M = <0960 3
S MTB ~ sun ¢SO K2
S SUM = 3722358

ey MTB > conv 22 630 c*] ci2:
TrSUBC ~ use ‘bock’ = 301
Sy MTB > count oFt k3
v COUNT = 33N
G MTB - copy €22 ¢80 ¢32 ¢34
LIV SUBC » use 'book” = 18.76:27.21.
12V MTB » countesl kd
15, COUNT = 15070
[=0 MTB > copv e22 ¢80 ¢33 ¢36:
150SUBC > use ‘bock™ = 27.22:43.30.
12 MTB > ¢count ¢33 ks
{7V COUNT = 1228, 0
INe MTB = copy €22 ¢ ¢37 ¢5%:
PSUBC > use hook = 23.51:79.00.
295 MTB = count¢3™ k6
21y COUNT = (CARRY]
SHMITB > copy €22 €30 €89 cor
23 SUBC - use book = TY.01:107.358,
2o NMIB > count e’y k7
20 COUNT = 426.00
200 MIB 2 copy 22 ¢S50 6] o2
2TOSUBC = use bock = 107.36:141.36.
INGMTB » count eb1 kS
2y COUNT = 3-1.00
S MTB > copy ¢22 ¢30 ¢63 cod
A SUBC > use ‘book™ = 1413721082,
A2 NMTB > ¢ount ¢63 k9
‘y‘»; COUNT = 235.00
= MTB > c¢epr c22 ¢80 c63 con
S SEBC > use ‘bock = 219 83 43665,
Mo MTB > ceunt ¢635 k10
TCOUNT = [33.00
IvNMITR  cony 22 S0 enT ks
SOSUBC 2 Gse nock = S366n 06 3
= MIB - Count o R
-1 COUNT = o
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2VMTB > copy ¢22 ¢80 ¢c69 ¢0:

33 SUBC > use ‘'took’ = Y06 32:2330.00,
230 MTB
<3 COUNT =

> count ¢coY k12
29.000

ey MTB » et k! = 820
STNTB > letxld = K300
SN MITIB > et KIS = K14 # (k3 kI

S9N
Saov ANSWER

<
D=
3

<

oy ANSWER =
STUMTB >
:S'

39
(S
1
i)

(R

(o

o7, MTB >
N

\\v’
T
“i

-

-~

"

AN

AT

NMTB > et X6 = K13

sround 13 kl\
PNMTB > et als = nl.‘*"(}u HJ)
AEUB - round K13 k13

o ANSWER = RN

Ty
-
ad

<
v 2]
§
Ry

0000
“(kd k14
> round sle k16

131.0000
RN = K13 RS KLY
MTB » round kiT k1T

) ANSWER = 123 0000

s MTB > et KIS = kI3 % (k6 &14)
VOAMTB > round kIS KIS

) ANSWER = 00000

“MTB

BWNTB et RIV = RI3CKT KD
(“") \u rB
N .—\.\S\\ [R =

reand K9 k19

230000

s MTB > fer K20 = X153 xS k14
round kK20 120

ANSWER = 24,0000
PMT3 >l K21 = K13 70k ki
CNOIR s round K21 K21
o ANSWER = 240000

M R x22 = KI5 (k1o k1D
D round k22 EC,Z

CAMTB - rocund K230
ANSWER =
“AIIB » let k24

T 000N
= kI3 * k12 Kkl

o MTB > round k24 k24

o)

ANSWER =

SEOMTB > samplz KIS G312 ¢71 802
NMTIB > sum o7 K28

ST,OSUN = anss

NS sunt T2 k20

N ST\ = 0233

CNMIB  snple ke ¢Sy eSd Ty TS

STONITB o s OTRRYT

N ‘\ Nl
fal’ . {.Fde.."s“M{A-ik'

SN = ~13700
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S$ N\ [TB ~
S0 SUM
915 MTB -
S MTB >
SUM
S NIB >
S
STRVES
PNl -
SUM
MR-
P ST
LM -
a2 MTB -
ol SN
103\
1Sy SUNM
A N
NI

i
v SN
i
!

CRY

.;\’

LY

io

tvy NMT3 >
SUNM
HHEONTB

T2 MTB -
i St
1< NMTB
LIS SU M
Loy NI -
FT7NMTB

N SUM
i N B -
Sl SEM
SDAIB
220N 08

SE M
i2= M MIB ~»
125 SUM
{"‘v\[fB >

JARN

-~

A

127 MTIB >
2% SUM
F2ONITB -
Pron sty
1P MR

A"Z\\II'B ;
RN N

13 ’\HJ >
VAT -

sum ¢Ta k2S

= -1351
sample K7 ¥ e ¢7% o7

sum TS K29
Josy 2
sum cT6 k3o

BINIVIVE

\“I‘k a8 of
sun: ¢77 K3

= SUNT Y
<um ¢y K32
= N1

RSN

piﬂ Ky 39 com ¢79 ¢S

Ndm oY R
M ¢ N>

= <1270
sury o3 x4
= 2597
saraple K20 end ¢62 o8t eS2
sury Nl K33
= SN2
sum <82 530

26082
samele K2 2o cod o8 8g

-~ i

SLm 0NN X3

= -20d "
sun: oN< KN
= 9547
Sampie K22 063 S66 8% e8h

SUIY 08T R3Y
39379

sun ¢86 k40

9

= T3

sampie K23 ¢67 ¢68 o878

s ey T k4l
47003

¢SS x&2
=520.3

samplz K23 ¢69 ¢70

SUM Y K43

IN92 9

sum Y k44

NGy

K25~

sum

Sy can

LA~
Ke —a-Y

e K=t

Ton XE6

= K3

A= K2S =Ly -3~

-
s

R SRR IRt

RId-KI6 - KIS = Rdo— (42 - 142
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136 K=0
1379 MIB
135 \MTB
[ 3w, K37
1=t NMT3
1410 NMT3
1420 K=N
=N IR
i< \IB
=% K&
[ETEREAY ]
AN

-

<Ny K30

TG
> L K47 = k<6 ka3
> opnn k="

VY2836
ot K4S = k47t k|
>orTin sen

RIS B

TS
> s t
DO K=Y

O o0diga sy

CletET = k3%t o
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APPENDIX C
DETAILED RESULTS

POPULATICN A

Fercent Errcr Using Percent Error Using
Method SRS

t

: -1.211 .44
< 2.307 .603
: . 759 -.C57
e . 330 .243
< .330 -2.429
Z ~1.5%L .275

-.33C -1.438
3 LiC -1.397
T =.352 .638

- -.332 -.6863

¥
[
[

ean .77 -.898
POPULATION AA
T2l ook Value: $4C9 605.732
TItal ALdit Valle: 5410,285.73
Percent Errcr Using Percent Error Using

.
1
~1

J

)
[
(e}

o>

]

(%8
oW
@ O w o

]

—

™

o+

(V)

: 1.6 -1.644

: ~2.207 .5062

- -1.2.9 -..833

3 -.23C 2.5C:

3 . 249 135

2 £49 -.2a5

llean 2. -.9:5 |

To%al Ecor Value: 3473 515.73
TItal ALdit Valie: IITI 2t -3
Tevcent Ivrar Using fevzent Zrror Using

P, e et .
- LA - A > N
3.0 VA L O SR




Y A Ack San Aok s Aol hbed i e d Ao okl ik

Trial Basket Method SRS
o 1 1.187 .540
2 -1.231 -1.295
3 .088 .447
4 .308 2.0186
5 1.187 -.540 !
6 .088 .103
7 -.132 1.403
3 -.352 1.106 )
9 -.571 ~1.440
1) -.571 -1.217
2, Mean .571 1.011
POPULATION BB
Total Bock Value: $409,515.73
, Total Audit Value: $408,975,73
. Percent Error Using Percent Error Using
) Trial Basket Method SRS
1 1.890 -.092
2 .352 -3.139
3 -,527 -1.682
4 132 -.085
S -.747 1.042 "
& -.088 872
7 -2.063 -1.415
3 -.088 1.€83 *
3 1.830 2.692
. 0 -.7487 .346
s Mean .853 -1.253
POPULATION C
- Tctal Book Value: $409,605.72
:'; Tstal Audit Value: §372,255.72
:.: Percent Error Using Percent Error Using
Ir:.al Basket Method SRS
I .769 -..73
5 z .549 .585
. 3 -.110 -.736
4 L1310 -1.056
3 .549 .182
= -.549 AN
7 -.729 -1.232
3 -.989 747
3 -2.210 . 307
12 L.843 ~-.557
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Mean .725 .783

POPULATICN CC

Total Book Value: $4092,605.72
Total Audit Value: $409,155.73

Percent Error Using Percent EZrror Using
Trial 3asket Method SRS
: -1.210 .994
2 2.527 4.715
3 -.789 -1.679
"N < -2.310 -.323
- 5 -.110 -.555
N 6 .110 -.394
by 7 -.549 -1.245
_ g 1.428 .329
N 9 -.549 2.297
12 .428 .536
.. ifean 039 1.367
R POPULATION D
A Total 300k Value: $375,591.73
i Tae:l audit Value: $372,256.73
g Percent Error Using Percent Error Using l
; rial Basiet Method SRS
: 1 .1c8 -.201
2 .C03 -.096
2: : -.C24 -.031
iy 4 -.(SE .037
S 3 -.043 117
el : -.132 .127
) - .237 .039
& 3 -.024 -.015
N ¢ .043 -.032
7o 13 -.119 -.087
¥ .083 -.078

{ 55

POPULATION DD

i T2zal 3ook Value: $375,991.73

: Total audit Value: $376,360.73

O Fercent Error Using Percent Errer Using
s Trial Basket Method SRS

. -.026 .048

t-": . 2 '.C86 = 170
o 3 387 -.013
" 13 - 17
~_: 3 O?u -lJ?
Y e -.13% -.015
- 1-
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) -.002 -.1586
7 -.014 -.170
S .059 -.145
9 -.062 .076
12 .177 .126
Mean .065 -.105

PCPULATION E

Total Book Value: 3413,756.73
Total Audit Value: $372,256.73

Percent Error Ysing Percent Error Using
Trial Baskat Method SRS
1 -.483 .146
2 -.34% .103
3 .867 ~.944
4 -.3e2 ~.404
5 -1.090 .434
6 .725 ~.231
7 1.450 ~.601
3 -.121 1.170
3 -..21 -1.27%8
10 -.121 -1.279
Mean .629 ~.659

POPULATION EE

Total Book value: $413,75%56,73
Total audit value: $417,85%06.73

Percent Error Using Percent Error Using

Trial Basket Method SRS

B .338 1.287

2 -1.961 ~.375%

3 .822 1.001

4 -.024 1.295

3 .943 1.295

e 1.305 -1.946

7 -1.111 .10%

8 -.024 -1.472

. e ~.749 .439

W) 10 .459 .520

- Mean 774 .971
N
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