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REGRESSION ESTIMATES by Maurice S, Newman
FOR ACCOUNTING PURPOSES Partner, Executive Office

Presented before the

New York Chapter, American
Statistical Association—
November 1972

There are many places in financial accounting where estimates can be used
and should be used in place of the tedious 100 percent counts or calculations
that are the general rule today. Some of the more obvious possibilities are
estimates of inventories, accounts receivable, cost of sales, unearned discounts
and various kinds of reserves. Accountants need to be convinced that
satisfactory estimates can be obtained for these purposes, and that very large
amounts of time can be saved through the use of statistical estimates.

In many companies today, the detailed accounting records are maintained
on a computer. This means that there is an existing record that could produce
a list of the book values associated with all the components of the asset,
liability, revenue, or expense account to be estimated. To be more specific,
let us talk in terms of an inventory of 2,500 different parts, maintained on a
perpetual inventory record, by computer. Associated with each part number
would be a quantity on hand for that part and a unit cost. An extension of
the quantity on hand times cost for each part number would provide the
book value of the inventory.

The purpose of this talk is to show how a satisfactory estimate of the
physical value of this inventory may be obtained and, by extension, how
estimates of other such accounting records may be obtained with a minimum
of time and effort.

FEATURE OF SAMPLING INTEREST

The question at issue is whether the perpetual inventory record is a reliable
indicator of the exact condition of the physical inventory maintained in the
stock room or warehouse. If we could be sure that there was an exact
correspondence, the perpetual record would be the best estimate of the
inventory value. In a few situations, such as inventories of precious metals,
the control procedures may be sufficiently good that such an exact
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correspondence will exist. In most cases, however, the possibilities of errors,
mis-postings, losses, and pilferage are such that the expectation of an exact
correspondence is unlikely. The feature of sampling interest thus becomes the
relationship between the physical inventory and the perpetual record. We are
interested not so much in the sample itself as in the relationship of the sample
items to the corresponding items on the book record. This indicates the use
of regression estimates and, in particular, stratified regression estimates, for
reasons that will be developed later.

REGRESSION ESTIMATES

Most accountants know about a mean estimate, and a reasonable number
of accountants would be familiar with a ratio estimate, but very few have had
any experience with regression estimates. For this reason it may be helpful at
this time to consider the characteristics of a regression estimate.

A regression estimate is more efficient than a mean estimate in that it
makes use of known information about the book population, and it will be
better than a ratio estimate in all but the unlikely case where the line of
regression passes through the origin. It has been pointed out elsewhere that a
mean estimate and a ratio estimate are special cases of a regression estimate.
The principal reason that regression estimates have not been used more
widely in those situations where they are applicable is that the necessary
calculations are time-consuming and tedious. With a computer available, this
reason becomes academic.

Regression calculations based on the sample data yield an estimate of the
following formula:

y=a+bx

where b is the usual least squares estimate of the slope, ¥ and X are the
respective means of the sample, and a is the intercept. The rationale for this
type of estimate is that if, in the sample, the physical values are somewhat
less than the book values, it may be inferred that a similar relationship exists
between ‘the unknown physical inventory total and the known book
inventory total.

As the total value of the book inventory is known, the mean of the book
population (X) is known. The sample provides a value (X), for the book
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sample mean. The unknown mean (Y) of the entire physical inventory may
be estimated by correcting the mean of the physical sample (¥) for the
difference between the mean of the book population and the mean of the
book sample.

This is done by multiplying the difference in the means by the coefficient
b and adding the physical sample mean in the following formula:

Y=5+b(X-%

The coefficient represents. the expected change in the physical value as the
book value is increased by one. The nature of the estimate is presented in
graphic form in Exhibit 1.

Stratified Estimate Accounting populations lend themselves readily to
stratified sampling. In stratified sampling the population is first stratified into
a given number of strata and each stratum is then treated as a sub-population.
A random sample is drawn from each of these strata. An estimate is obtained
for each stratum and the results are combined into a single overall estimate,
with its associated variance. ' '

The logical variate for stratification of an inventory would be the physical
value. This, of course, is unknown but the book value is a reasonable
approximation of this value and consequently is ideal for stratification
purposes. The principal reason for stratification is to reduce the variance and
thus tighten the precision surrounding the estimate. A stratified estimate
based on inventory values will invariably be better than an unstratified
estimate. The unstratified estimate contains variances between strata that are
eliminated from a stratified estimate. The stratified variance must therefore
be lower, and in most cases is considerably lower.

Stratified Regression Estimates In any sampling situation a decision has to
be made, at some point, as to which type of estimate is best. In most
. accounting situations the preference would be for the estimator with the
lowest variance. The variance of a regression estimate will be smaller than that
of a mean estimate unless the correlation between x and y is zero, and smaller
than that of a ratio estimate unless the regression line passes through the
origin. In these two special cases the variances will be equal.

There are gains from using stratification and there are gains from using
regression estimates, and the combination makes a powerful tool in inventory
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estimation, due to the expected correspondence between the book and
physical values.

Optimum Stratification The variance of a stratified estimate may be reduced
even further by selecting the upper limits of each stratum in such a way that
the variance in the stratum is minimized. The statistical theory for optimum
stratification has been available for many years. While the optimum state can
never be achieved absolutely, the goal of all optimization procedures is to
reduce the variance to a minimum and a near minimum is ordinarily good
enough.

In a two-stratum design, the upper cut-off of the lower stratum would lie
between and would approximate the average of the two stratum means.
Moving the stratum cut-off to the left or to the right would change both the
stratum means and change the sum of the squared mean errors of each
stratum. There will be one cut-off point, however, at which the sum of the
squared mean errors of both strata would be at a minimum. Obviously this
can be extended to any number of strata.

It has been shown that the optimum solution to minimizing the variance
will be obtained when the expected contribution of each stratum to the total
aggregate variance is made equal for each stratum.

Exponential Distribution Most accounting populations follow an exponential
distribution. The characteristics of this distribution are sufficiently well
known that a close approximation to optimum stratification is relatively
easy to obtain.

Consider the distribution that is to be divided into parts as a graph, with
dollar values on the X or horizontal axis and the frequency, or the number of
items for each dollar value, on the Y or vertical axis. Plotting the number for
each dollar value will define the shape of the distribution. Multiplying the
value by the number of items at that value and summing them would equal
the total population value. '

The usual approach to subdividing the area of an exponential population is
to express the X or dollar values in terms of the mean. For this purpose, the
mean may be approximate. A new X scale is developed with each X value
being divided by the mean, in which case the mean value of the distribution is
one. The Y scale is likewise scaled down by dividing the frequency by the
largest number of items (Exhibit 2).

By the use of logarithms, or by reference to a table of the negative
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exponential function, the exponents may be found that will divide the area
under the curve equally. For instance, if we want to divide the population
into five strata, a negative exponent of .223 on the base line indicates the first
cut-off point with an area of 80 percent remaining to the right of the cut-off
point. The following points are .510, .916 and 1.6 respectively, leaving 60
percent, 40 percent and 20 percent of the area to the right. If vertical lines
are drawn at these cut-off points, the appearance of the distribution will
resemble a series of rectangles gradually decreasing in height and increasing in
width.

A conservative assumption as to the variance of a rectangular distribution
is 1/12 of the square of the width of the distribution. Since the height of each
rectangle decreases as the width increases, we are moving fairly close to the
goal of an equal variance for each stratum.

We know from the nature of an exponential distribution that the mean of
each of these rectangles would lie slightly to the left of the midpoint. It
would seem, intuitively, that this would producé a larger variance than if the
mean were at the midpoint. This situation can be improved conceptually by
constructing alongside the first stratum another stratum of equal width, with
its height equal to the ordinate at the original first cut-off point. Considering
these two rectangles as one stratum, the mean is now at the midpoint and the
standard deviation is near to a minimum. If the second and subsequent strata
are constructed in a like manner, it seems reasonable to assume that this is a
close approximation to the cut-off point needed to minimize the variance.

~ This has been set forth in mathematical terms and proved to be a first
approximation. As a practical matter, nearly all of the advantage to be gained
from optimum stratification is obtained by using the first approximation. All
that is then required to determine any cut-off point is to multiply the
exponential value, in units of the mean, by twice the value of the mean. Thus,
for a population whose mean value is $1,000, the first cut-off in a
five-stratum design would be at $446.

ESTIMATION SAMPLING PROGRAMS

The statistical principles that have been discussed have been known for
years and may be found in the standard textbooks or authoritative literature.
The procedural problems of (1) achieving optimum stratification, (2)
stratifying large populations, and (3) making regression estimates are
sufficiently complicated that they were not likely to be used until high-speed
data processing became available.

About eight years ago Haskins & Sells started the development of the
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Auditape System, involving a collection of special programs designed to
operate on a specified format under which data may be extracted from client
records and other formats for further processing. It frees the accountant or
auditor from the necessity of special programming to obtain data from
existing computer records. Once the record is in the prescribed Auditape
format, other programs may be used to accomplish specific purposes.
Estimation sampling is one of these special purposes.

Sampling Procedure The estimate from a statistical sample is simply an
extrapolation or projection of the results obtained from a sample and is
similar to the estimates that would ordinarily be made intuitively from a
non-statistical sample. The unique feature of statistical sampling is that it
provides a means for measuring the degree of assurance or, conversely, of
uncertainty associated with the sample estimate. These measurements are
based on the mathematical concepts of probability and are expressed in terms
of reliability and precision.

The procedures for making a sampling application consist of the three
stages of design, selection, and evaluation of the sample. We have one
program that designs and/or selects a sample and another program that
evaluates the sample. The unique characteristic of our programs is the way in
which a number of known statistical concepts have been put together in an
accounting oriented approach to obtain sufficiently precise estimates of asset
or liability values for financial statement purposes.

DESIGN STAGE

To design a sample, it is necessary to identify the population to be
sampled, define the sampling units and the related feature of sampling
interest, specify the desired reliability and monetary precision, determine the
basis for stratification, and compute the approximate sample size. The
reliability and monetary precision to be used in designing the sample are
matters for management decision, based on consideration of the relative
degrees of assurance required and the related cost. Some indication of these
relationships may be obtained by a simulation based on previous computer
records.

Sample Specifications The sample size required is a function of the
reliability and the precision specified, the stratification to be used, and the
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characteristics or condition of the population with respect to the feature of
sampling interest.

Some preliminary estimates of the extent of variability to be expected in
the sample need to be made in order to compute the approximate sample size
required. This preliminary estimate of variability could be based on the
results of a previous complete inventory if such is available or on the results
of a previous sample. The next best thing is to make an analysis of the most
recently available perpetual record and to introduce some conservatism into
the precision parameter to provide for the unknown and perhaps unexpected
relationship between the book inventory and the physical inventory. In this
connection, general experience with other inventories believed to be roughly
comparable to this one can be helpful in the design stage.

Since the preliminary estimate of variability to be expected is necessarily
based on earlier, and possibly incomplete, data, the reliability and precision
obtained the first time around in the evaluation of the actual sample is likely
to differ somewhat from that specified in designing the sample and
computing the sample size. In practice, until further experience is available
with respect to the values being estimated, some deliberate conservatism in
the preliminary precision parameter used for computing sample size ordi-
narily is desirable.

In the design stage, several specific operations are accomplished. To begin
with, certain data must be specified, such as the number of items in the
population, the actual or approximate total dollar value, the fields in which
the necessary values may be found, the desired monetary precision, and the
reliability level expressed as a percentage.

The initial data that has been specified is passed through a series of checks
to be sure that the specifications are reasonable. If no errors are detected, the
processing will continue. The mean of the book population is determined
from the data as specified and the program proceeds to compute the upper
cut-off for each stratum. The first or lowest stratum is for zero amounts and
minus values. Unless specified otherwise, the remainder of the distribution
will be divided into twenty strata. Stratum number 21, the highest stratum,
will be sampled completely. Minus values greater than $100 will also be
included in this upper stratum so that they will be counted 100 percent. This
$100 value is arbitrary and may be changed to any other amount by
specification.

The upper cut-off in dollars of the next to the highest stratum will be
approximately six times the mean, unless another value is specified. If a
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higher or lower cut-off is specified, the remaining stratum cut-offs will be
scaled up or down accordingly. In those situations where the exponential
distribution does not appear to be satisfactory the desired stratum cut-offs
may be entered by initial specification.

Stratification The statistical frame on which the sample design is to be based
is available to the computer in tape or disk form in Auditape format. The
purpose of stratifying the population in advance of selecting the sample is to
determine the number of items that fall in each stratum, the total dollar value
of these items, the mean value and the standard deviation within each
stratum. If two values, representing book and physical, are available as input
to the computer, the standard deviation computed will be a standard
deviation from the line of regression. If only one value is available, the
standard deviation will be measured from the mean. In addition, totals and
statistics are determined for the entire population without regard to stratum.

The stratification procedure is simple: Each item is taken as it appears on
the input tape and is measured against the boundaries of the strata to
determine the stratum to which it applies. The item is counted as an item in
that particular stratum, and the dollar value is accumulated in a total for that
stratum. The values are squared and cross-products are obtained for
subsequent determination of the standard deviation. If any physical value
exceeds the upper cut-off and is four times greater than the corresponding
book value, that item will be included in the top stratum for design purposes.
This is a precaution to prevent a few huge or unusual variances from upsetting
the sample design.

Some inventories of parts and supplies may contain several hundred
thousand separate items, and the stratification procedure may require more
than an hour of computer time. In these cases a satisfactory sample design
may be obtained by stratifying a sample from the population rather than
stratifying every item. A sampling rate such as one in five may be specified, in
which case the computer, with a random start, will select every fifth item
thereafter and stratify in the usual way. When this sampling stratification
procedure is completed, the results in turn are multiplied by five to
approximate the result that would be obtained by stratifying the entire
population. The standard deviations are increased by two standard errors so
that there is not likely to be an underestimation of the sample size through
use of this procedure.

The stratification stage may be by-passed completely if an assumption is
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made that the population is distributed exponentially. Assumptions will be
made in regard to the number of items in each stratum and as to the total
values of each stratum, based on the specified total number of items and the
total value. Assumed means and standard deviations are determined and used
in the same way as if a complete or partial stratification procedure had been
followed. A sample selected on the basis of the exponential assumption will
in most cases approximate the results otherwise obtained and eliminate the
time requirement to pass a large tape through the stratification procedure.

Size of Sample The first step in the determination of the size of the sample
is to find the weighted average standard deviation. This is obtained by
multiplying the standard deviation in each stratum by the number of items in
the stratum and summing over all strata, except for the first and last, and by
dividing this sum by the total number of items in all but the first and last
strata to arrive at a weighted average standard deviation. The first stratum is
omitted because it often contains only zeros and, therefore, no standard
deviation. The last stratum is omitted because it will be counted in its
entirety and consequently there will be no variance.

The next step is to calculate the standard normal deviate for the prescribed
percentage of reliability. This percentage will generally range from 90 to 99
percent with a reliability of 95 percent being used in most cases. Using the
specified percentage of reliability, a subroutine produces the corresponding
normal deviates.

At this point, with all the necessary factors available, a first approximation
to the sample size is obtained and a finite population correction is made for
sampling without replacement. The total sample then must be allocated to
strata.

Optimum Allocation The principle of optimum (Neyman) allocation is that
the variance will be at a minimum if the total sample is allocated to strata in
accordance with the weighted standard deviation within each stratum. As
these factors have already been calculated to determine the overall sample
size, it is a simple computation to allocate the total sample to each stratum
according to this principle. Some adjustments are made to the sample size so
that the sample required will not exceed the number in the stratum nor in
any case will it exceed one thousand items. As the allocation factor may
produce a fractional number, the sample size in each stratum is rounded up to
the nearest whole number.
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The sampling interval is determined by dividing the total number of items
in each stratum by the sample required. This interval is computed and
rounded down to two decimal places. This interval is limited as an arbitrary
rule to no less than one and to no more than a thousand. The sampling
interval for the upper stratum is set at one, so that each item in that stratum
will be selected. The interval for the lower stratum is set at the same interval
as the second stratum or at such other rate as may be specified by the user. If
it is known or expected that a large number of the zero book balances will
actually have physical values, it may be necessary to use a lower sampling
interval to get a larger sample.

Collapsing Strata Due to the inclusion of an n—2 term in the formula for
calculation of the variance of a regression estimate, it is necessary that no one
stratum have less than three items to be evaluated. This either means that a
minimum of three items must be selected in each stratum or that one or more
strata must be combined to insure that three or more items are selected. One
way to select more items is to increase the reliability or reduce the monetary
precision or both. This would increase the overall sample size and increase the
number in each stratum. Another way would be to reduce the number of
strata by specification. Twenty strata may be more than is required in many
applications.

There may be reasons, however, why neither of these approaches may be
taken, and so a collapsing feature has been built into the program. It rectifies
to some degree the failures in design of using low reliability or too many
strata. The procedure examines the intervals in each stratum successively,
determines the size of the sample that is to be taken and decides whether the
sample is sufficient for the type of estimate to be made. If it is insufficient,
this stratum will be added to the next stratum and the calculations will be
repeated. The process is continued until all strata have been examined. If the
indicated sample in the next to last stratum is insufficient, this stratum will
be combined with the previous one. The first and last strata are not
considered in this process so that the full 21 strata can be reduced only as low.
as three by this process. In general, this type of reduction will only affect one
or two strata.

At this point in the program the design stage is completed and the results
are printed for each stratum and in total. The program may continue into the
selection stage or an option may be exercised to terminate at this point. If
this option to terminate is elected, the necessary information will be punched
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out into cards so that the selection procedure may be continued at another
time and perhaps with another accounting record. For large inventories, it is
highly desirable to design at some period prior to the actual selection, just to
minimize the computer time required at the selection date if time is likely
then to be at a premium.

CASE STUDY

Before proceeding to a discussion of the selection stage, it may be useful to
present a case study showing how the design principles are used in an actual
situation.

The test tape was prepared by a special program to produce an exponential
distribution of 2,500 items amounting to $10,000,000. The tape was forced
to include 30 zero values and 20 minus values in order to be more
representative of the normal condition of most inventory records. This tape
was considered to be the detailed record of the perpetual inventory.

In most inventories, about 60 percent of the recorded items will match the
physical counts and the remaining 40 percent will disagree by one or more
items. Using the exponential distribution developed previously, and with a
random start, the book values were duplicated for six out of every ten items
and other values computed for the remainder. This was accomplished by
generating a random number as a percentage, and using it to determine a
normal deviate. The normal deviate is scaled by a common factor to increase
or decrease the variability, and applied to the book value to determine a
random physical value. The common scaling factor used is representative of
an average inventory record.

This constructed tape was used as input to the design and selection
program with the output of the design stage shown in Exhibits 3 and 4.

SELECTION OF SAMPLE

Whether the selection procedure continues from the design stage or is
picked up at another date, the selection procedure is the same, although the
input data may be different.

Random Start Beginning with a random number supplied at the start of the
program, a new random number is computed by a subroutine for each of the
strata in turn. This random number is divided by the interval and the
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remainder is used as the random start within that particular stratum. As the
random numbers and the intervals are calculated in a completely different
way, no particular pattern of selection could develop. The first item on the
tape may be or may not be selected depending upon which stratum it falls in
and upon the random start within that stratum. Similarly for the second,
third, fourth and all subsequent items.

Systematic Selection Given the random start within each stratum, the
program systematically selects items within each stratum. The first item that
appears on the tape is matched to the stratum limits and it is accumulated in
totals for that stratum number and dollar value. When the number of items in
each stratum equals or first exceeds the random start for that stratum, that
item is selected and passed to the output tape. All items in the top stratum
are selected without reference to counters or random numbers. The program
proceeds sequentially through the tape, maintaining track of twenty random
starts, twenty separate intervals, and twenty separate counters, so that each
item is selected or rejected in a completely random fashion.

As a practical matter the indicated sample may not be selected exactly in
each stratum. In some cases it may be one more or less due to the random
start. In cases where the selection procedure is designed on one population
and used to select from another population the sample sizes in each stratum
may differ more widely.

Sample Output As each item is selected from the input tape, an output tape
is created of only those items selected. At the time of selection, the stratum
number is carried to the output tape and an option is available to carry a
sequence number to the output tape. This is the sequential number or line
number of the item as it appeared on the input tape. It is obtained by
counting the items as they enter the program and is useful for tracing the
sample back to the input tape if this should be necessary. At the end of the
selection procedure, a printout (Exhibit 5) establishes the control over each
stratum and shows the stratum cut-off, the population data, the selection
interval and the sample data.

The sample tape would normally be printed (Exhibit 6) as a record of the
sample to be taken. This guards against unintentional destruction or erasure
of the sample tape before the evaluation is completed.

In order to facilitate the evaluation of the sample at a later date, the
essential control information and stratum information is punched into cards.



Selected Papers 184

It is also printed, in the event that the punched cards might be lost or mislaid.
The use of the punched cards not only simplifies the evaluation but also
protects against errors that might otherwise creep into the procedure.

Cards may be punched from the sample tape to provide a unit record for
each item to be sampled. They also may be reproduced and interpreted to
provide a basis for the actual count in the stockroom or warehouse when the
actual count is undertaken. These cards would contain, at a minimum, the
part number or other identification, the book value of the item selected, and
the stratum number.

To permit simulation of samples from an input tape containing book and
physical values such as a previous physical inventory, the physical values may
be brought oyer to the cards as an option. These sample cards are then ready
to be evaluated. It is a useful device for instructional purposes and to indicate
how the selécte_d sample will subsequently be evaluated.

EVALUATION OF SAMPLE

Fogv each of the items selected in the sample, a value corresponding to the
book value must be determined. In the case of a physical inventory, this
would be done by counting, pricing, and extending to determine the physical
value, or, ’i’n the case of reserves, it would be to determine the applicable
reserve for that particular class. These procedures are essentially the same,
whether the determination is made completely or by sample. The workload is
sufficiently reduced with a sample, however, that more care can be exercised
in determining thesé values properly the first time. Reliable results will be
obtained at low cost and with reasonable speed. The stresses and irritations
that are usually present when a lot of work must be done in a very short
period of time will virtually disappear when the workload is reduced to a
sample.

Review Procedures The precision surrounding the estimate will not be
satisfactory if the sample contains a number of huge and unusual differences.
If the difference is small enough so that the item will remain in the same
stratum, even though it does not agree with the book value, the effect on the
overall precision will be small. If the item moves to an adjacent stratum, the
effect on the overall precision will still not be too large. It is when an item
jumps more than one stratum in either direction that the effect on the
precision becomes considerable. Some of these differences may be eliminated
on closer inspection. Perhaps the wrong items have been counted, in which
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case a recount is necessary. Sometimes a mls-postmg is discovered in the book
records that should accordingly be adjusted.

When the sample data has been reviewed as carefully as possible, the
evaluation should proceed. The program requires, as input, the spe_ciﬁéétion
cards that are punched out in the selection procedure, together w1th the
sample data cards. The entire evaluation will be accomplished within é few
minutes at the most. " ' "

Checking Procedures The specification cards from the selection procedyre
that are introduced into the computer at the time of the evaluation contain
the necessary data to make the evaluation and mclude the number of sample
cards in each stratum. These cards are checked for input errors and the
specifications are printed (Exhibit 7) before the evaluation process continues.

As the sample data cards are introduced, they are accumulated apd
checked against the predetermined totals carried forward in the specification
cards. Error messages will be printed if one or more of the sample data/ cards
are omitted. If a sample tape is used as input rather than data cards, the sa.me
check will be made on the information on the sample data tape.

Statistical Evaluation As each sample data card is read in, the squares and
cross products are calculated and the sums are accumulated by stratum. A
determination is made to decide whether any stratum is too sma]l for
evaluation for the type of estimate specified. If such is the case, the strata will
be collapsed as described earlier. The program then computes the means and
the corrected sums of squares and cross products for each stratum that are
required for the evaluation procedure. The reliability spec1ﬁed fpr the
estimate is converted into its corresponding 1 normal deviate by a subroutme

The user has the choice of specifying a combmed regression estimate or a
separate regression estimate. The essential difference between “them s
whether the slope is determined over the entire sample or mdependepﬂy for
each stratum. It has been our experience that the combined regression
estimate works better in most accounting situations, even though a separate
regression will often yield a slightly lower variance.

The evaluation is printed out stratum by stratum (Exhibit 8) and in total,
together with a calculation of the upper and lower limits of the estimate.

Next Sample Design Despite all the precautions that may have been taken in
this design stage, the evaluated results may not meet the expectations.
Accordingly, as a supplementary procedure, the computer has been pro-
grammed to continue, at this point, to compute the sample that should have
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been selected based on the sample results, in order to achieve the design preci-
sion. This may result in an increase or a decrease in the sample size. It shows,
after the fact, what should have been done given present knowledge (Exhibit
9). This information is helpful in designing the next sample.

In those situations where a pilot sample may precede the selection of a full
sample, the pilot sample would be evaluated and the results from this last
stage of sample design may be used for selection purposes. An option permits
cards to be punched at this point for use in the selection stage so that a small
pilot sample may be used to assist in the design and selection of a larger
sample.

SUMMARY

A sampling estimate taken on the basis described above is a reliable and
acceptable alternative to the complete count for financial statement purposes.
It is likely that more and more companies will want to follow this approach
in the coming years. The speed with which the samples may be taken will
reduce downtime in manufacturing or processing operations.

It is evident that there can be substantial savings in non-productive labor
through a sampling approach. It is also evident that customer service can be
improved where shipping operations might otherwise be delayed by a
complete shut down of several days to take inventory. Furthermore, there is
good reason to believe that statistical estimates of this nature may in fact be
closer to the true value than some complete counts have been in the past. @
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EXHIBIT 1
GRAPHIC PORTRAYAL OF A REGRESSION ESTIMATE
Y Y=y+b(X-%)

EXHIBIT 2

EXPONENTIAL DISTRIBUTION SUBDIVIDED INTO FIVE STRATA

1.0

9 L
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