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INTRODUCTION

For some years auditors have been expressing opinions
based on tests of the accounting records. The reliability
of their confidence in the tests commonly employed has been
seriously opened to question by various authorities and
various attempts have been made to develop standards of
auditing as guides for the exercise q: judgment. This seems
to skirt the problem, so this stu&yt‘ia:delignod to develop
a method of determining the limits of confidence whereby the
auditor's judgment of materiality or immateriality may be
attested and by whicg reasonable standards may result.

The proble-f;i;ffinited to sales beoause(;he~oase~atudy
involved an aspect of sales, and further,)1f the method and
arguments presented are valid for sales, they may be general-
iged to other pertiment parts of auditing with the exception
of out offs necessitating a testing prooodnro.H

The more recent rooearcho;- have been concerned with the
use of sequential sampling developed during the wapy by the
Statistical Research Group at Columbia University. Another
area of research not approached im this study concerns itself
with an analysis of errors.

The methods of research involved reading all the avail-
able material on statistical auditing, reviewing various tests

and oase studies for the auditing techniques relevant to sales,
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. searching various ltlti;tlct texts for clues and finally
making the case study. The most intriguing and at times
most disheartening problem was the finding of a suitable
statistical approach which omitted insignificant refine-
ments of theory, since the auditor requires practical
methods without theoretical elaboration. Quina McNemar's
Psychological Statistics was found the most useful in the
development of this method.






PRESENT TESTING PROCEDURES IN AUDITING

In any discussion of testing, particularly as it applies
t0 auditiang, it weuld first be best to develop the concept of
testing. VWe may well ask, what does the word testing mean?
The dictionary defimition of the verb suggests that to test
is to prove, try the quality of, or examine. (1) As a moun,
the meaning comnotes an examimation. (2) This definition in-
fers that the testing will be in toto. However, as applied
to auditing, the transitive verdb testing means to sample or
to determine the accuraey by selecting and studying repre-
sentative items or samples from a given collectien or class
of transactioms or other datsa. (3) Another auditer, Montgomery,
says that test checkiag is based on the mathematically-founded
assumption that an analysis of representative samples of a
group of items indicates the quality ef the whole. (4) How-
ever, no attempt is made by Montgomery to particularise the
mathematics to whick he refers. These definitions differ with

otionary of American Englleh® Vol 1V, Ldited
by S84r William A. Oraigie and James R, Hulbert,
Univ. of Chiocago Press, Chiocago (1944) P. 2308

(2) "New 8tandard Dictiomary of the English Language"
Edited bi Isasc X. Funk, Funk & Wagnalle Co., New
York (1943) P. 2U&9

(3) E. L. Kohler, AUDITING ARD INTRODUCTIOR To the Work
of the Public Accouataant, lst. ed., Prentice Hall,
New York, P. 21 (1947)

(4) Robert H. Montgomery, AUDITING THEORY AND PRACTICE,
6tk ed., Ronald Press, New York, P. 36 (1940)
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the dictionary meaming as stated above., Another accountant
defines testing, the moun, as a limited examination or
verification by sampling. This definition is in agreement
with the diotionmary. (5) The dictionary makes a distinc-
tion between testing and sampling. As a verb, sampling means
to examine by use of a portion or specimen. The noun, sample,
is defined as a part of anything presented as evidence of the
quality of the whole. (6) The latter definition corresponds
with the use of the word as applied in statistics. A sample
is a part of the whole, the entire data, if available, or that
is to say, the defimed population. (7) Where we can not take
the aggregate or whole; we do the next best thing and try to
obtain a selection of members, whioh is ocalled taking a sample.(&)
Montgomery states that the basis of test checking may be all
items in a specified period, or all items over a eertain mini-
mum amount of dollars for a period. As a guide, one may use
letters of the alphebet, or percentage of the total either in
dollars or amounts. The method of sampling will depend on the

omas W. byrnes, X. L. Baker, O. A, omith, AUDITING
with Practice Problems, lst. ed., Ronald Presgs, New
York, P. 6 (1948)

(6) "New Standard Dictionary of the English Language"
Op. Oit. P, 2168

(7) gninn.lclenar, PSYCHOLOGIOAL STATISTIOCS, 1lst. ed.
ohn Wiley & Soms., Inoc. New York P. U6 (1949) ana
Herbert Arkin, R. 0. Colton, AN OUTLINE OF STATIS-
TICAL METHODS 4th ed. rev. Barnmes & Noble, Ine. New
York P. 113 (1950)

(8) G. Udny Yule, N. G. Kendall, An Introduction to the
THEORY OF STATISTIOS, 1lth ed. Oharles Griffin & Oo.

London, P. 9 (1937)
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type of item, volume tested, and the system of internal con-
trel. The auditing use of the word "sampling® is not synony-
mous with the statistioal word "sampling” since its theoreti-
cal basis inocludeg no probability theory as any statistical
method requires.

With the advent of big business, there developed the
necessity for making the audit a technique of analysis of
selected samplings of acoounts rather than an attempt to exam-
ine all of the transaotions for the period. (9) It has become
s ocustom and, with few exceptions, has proved sufficient. (10)
To examine in detail all transaotions requires a cost surpass-
ing all reasonsble bounds of benefit or safeguards, and places
an undue burden on industry. However, the extent of such samp-
1ing 1s left to the individual accountant's judgmens. (11)
This judgment is based on the client's system of internal con-
trol. (12)

Consider, now, what are the typical sampling procedures

er A. aub,
PRESENT OENTURY, lst. ed. Harvard Univ, Press, Cam-
bridge, Mass. P. 10 (1942)

(10)EXTENSIONS OF AUDITING PROCEDURE, (Report of May 9,
1939, as modified and approved at the Annual Meeting,
September 19, 1?39) American Institute of Accountants,
New York, P. 3 (Oot. 18, 1939)

(11)STATEMENTS ON AUDITING PROCEDURE No. 1, Issued by the
Oommittee on Auditing Procedure, American Institute
of Accountants, New York, P. 5 (Oot. 1939)

(12) TENTATIVE STATEMENT OF AUDITING STANDARDS - Their
Generally Accepted Significance and Secope, Speocial

report by the Committee on Auditing Procedure, American
Institute of Accountants, New York, P. 25 (1947)
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that are used in auditing generally, and cpccifibally as
related to sales, that involve testing yet exclude cut-offs.
Without attempting to be exhaustive, representative methods
are presented in Table I on the next page.

As the reader may already have concluded after reading
Table I that there is great use of the word "test", but little
attempt appears to have been made to develop a teshnique of
representative sampling.

The following quotation typifies the auditor's approach
to testing: (13)

TEST-CHECKING OR TESTING - This means the complete veri-
fication of a portion of acocounting transactions. Testing
is common in audits to assure the auditor that transactions
are in order for the untested portion of the year, after
having verified all transactions for a certain limited
period of the year, or after having tested transactions

at random,

In order to test-check in a reasonable manner, account-
ing transactions and entries must be classified logiocally,
For example, they may be grouped as follows: sales records
footings, purchase record postings, purchase vouchers and
invoices, cash receipts and disbursements postings, cost of
sales footings and postings, cancelled cheques, pay rolls,
balances of aocounts receivable, etoc. After proper class-
ification of the items, the next step is the determination
of the number of items of each clagsification to be tested;

The majority of ascounting entries are honestly and
eorrectly made; the purpose of the test check is to re-
view supporting evidences in order to detect errors and
fraud and in order to be in a position to judge impar-
4ially the accureoy of the accounts. The auditor must
be satisfied that the transactions are legitimate and
that the accounting for them is proper, so that the finan-
cial statements are not affected and so that an opinion
of the statements may be rendered. No definite rules ocan
be set forth for the amount of test-cheoking, as this is

(13) Arthur W, Holmes, AUDITING Principles and Frocedurs,
ond ed. rev,, Richard D. Irwin, Ohicago P. 101 (1947)
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dependent upon the judgment of the auditor, his exper-

ience, the systom of internal asccounting control in

operation, and the conditions existing in each engage-
lﬁnt. - - =
Testing may take place for certain selected weeks

or months, Oor it may be at random. Random tests either

satisfy the auditor that the classification of items

sampled is correct to & high degree of probability or

the results of the test are unsatisfactory. If not sat-

isfactory, additional tests must be mads,

The reader's attention is a(ain directed to the fact that
2o theory of probability underlies the aunditor's sampling methods.
In ordsr for a sample to be random, each item must have an
equal chance of selection and each sample must include items
from the whole population. To base samples on ome day, three
days, one month or three months does not qualify as random. It
is likely, at this point that the questioa will form in the
reader's mind, what is the statistical theory of sampling?

The object of sampling is to give the maximum information
about the population. (1%) Obviously these are estimates,there-
fore the next aim of sampling is to determine the degree of
confidence we can put in our estimates. (15) The acouraoy of
the estimate will depend upon (a) the way in which the estimate
is made from the data of the sample and (b) the way in which
the sample was obtained. The process of sampling oonsists of
choosing & predetermined number of individuals from the pareas
universe. This may be dome in three ways; random, purposive,

or mixture of the two. Randomness exists when each member of

(i¥) G. Udny Yule, N, G. » Op. Ci¢t,
(15) 1Ibid P. 335
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the universe has the sames chanoe of being chosen, personal bias
must be eliminated. A method or code must be used which leaves
nothing to the observer's idiosynoracies. (16) BSuch a method
may be developed by use of Tippetts mumbers. Purposive sampling
is to select the average in each group. The practical use of
random sampling lies largely in the fast that it allows us to
meagure objectively, in terms 0of probability, errors of estima-
tion or the sigaificance of a result obtained from a random
sample, The purposive methods have not as yet been able to do
0. (17) Usually as the random sample becomes larger, it be-
oomes more representative, whereas owing to bias, the purposive
sampling in general does not. Further, the object of the sample
is to tell us about the parent population, purposive sampling
may tell us more about the mean, but will not tell us about the
extremes. (18)

Thus it can be seen that the auditors are constantly intro-
ducing bias into their samplss which no knewn methods can ex-
press socientifioally with any degree of confidenoce. True enocugh,
the auditor is sampling but his methods involve purposive sampl-
ing. Montgomery has taken a step in the right direction but
ssems t0 void his point by reference to the "auditors" sampling
methods. (19) 7For, as pointed cuts above, purposive sampling is

= (18) Ibid P, 399
(17) Ibid P. 345
(18) Ivia P. 347
(19) R. L. Montgomery Op. Oit. P. 36
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not random.

r;ho limitations of the present methods of auditing make
it iupoloiblo‘to substantiate objectively the aunditor's judg-
ment. This becomes an important poias if the suditor should
be foroced to appear as an expert witness or as a defendant in
a court room. The question may well be put to him what ob-
jective measures of confidence does the suditor possess to
prove his right to an expression of aam opimion, namely, the
unqualified certificate. Traditional methods will leave the
suditor at the meroy of the court because his measures normally
are lubjootivo;Jyot there are objective measures availadble
whick will relieve the suditor from such o-btrralc-ont;7

The suditor who samples two months of transactions

(16 2/3%) and finds few errors comoludes that the client's
system is working and that he has a right to rely upon it.
There are several points overlooked im this illustration of
typical field work. The first point overlooked is that the
auditor's seample is not random. By pieking two time periods
as pointed ocut previously undsr the definition of sampling,
the auditor is not in a position to draw & mathematically
(logical) oonclusion with amy limit of oconfidence. The second
viewpoint disregarded, is that few auditors ever actually re-
late the total errors foumd im dollars with the total sampled
of a particular phage of the audit or accounting procedure such
as sales. Each error is compared with the auditor's concept
of materiality and not the sum of the errors im dollars. Omne






reason is that his emphasis is placed on individual entries and
not the total of the sample,

Cranstoun has summariged the point well by saying: . . .

textbooks point out that the extent to which sampling

procedures are applied will vary under different ocondi-

tions and that decision as to their extent must be a

matter of the auditor's judgment. While that is un-

questionably true, the fact remains that no standards
have been set; the auditor therefore has no help in
forming his judgmens, and there are no consistent
measures by which the reasonableness of his judgment

can be attested. (20)

This authority further points out the need for standard
percentages or quantities that make up the sample., In other
words, he is attempting to arrive at standard sample sises in
order that the sample may be adequate, that cost of the audis
may not be excessive, and that the auditor may prove his work
before oclient or jury.

The purpose, then of this paper, is to develop a method
of determing limits of oconfidence in the auditing of sales
whereby the auditor's judgment of materiality or immateriality

may be attested and by which reasonable standards may result.

==(20) ¥ililam D. Oranstoun, "A New Look at Basic Auditing

Techniques® e of Agoountancy Veol. 86:4
P. 274-283 (oot TSR FyRl-of Aecountanay






REVIEW OF LITERATURE ON STATISTICAL AUDITING

The first article appearing in priat on the subject of
statistical auditing was that of Lewis Carman published in
the Amerioan Accountant, Dec. 1933.(21) OCarman was concerned
with the probability of discovering fraudulent ontrioc.in (Y
large group of entries. The idea was based on the assumption
that the uncovering of a false item is the signal to stop
and reconsider the sampling process. JFor example, let us ex-
amine (on the next page) one of the tables (Table 2) Carman
used,

Suppose there were 20‘13130 items, then the most economi-
cal semple is 15% and the possibility of uncovering one of the
false items is 19 out of 20 times used or 95% eonfidence., How-
ever, this does not go further than the uncovering of omne false
item, The auditor is confronted with the necessity of continu-
ing the sampling or exteanding the scope of his sampling.

The next article written was by Robert H, Prytherch, (22)
He points out that Carman must assume the number of false
entries. This, however, is not known. 80 Prytherch proceeds
to give an approach based on the following example involving
the testing of purchases to compute a reasonable assumption.

(21) Lewis A. Oarman, "The Lfficacy of Tests
CAN ACOOUNTANT, Vol. XVIII (DOO. 1933) P, 360—366

(22) Robert H. Prytherch, "How Much Test Ohecki ]
Enough?® THE JOURNAL OF ACOOUNTANCY, Vol. 7% No. 6

(Dec. 19%2) P. 525-530






TABLE 2
PROBABILITY OF ENCOUNTERING AT LEAST ONI FALSE ITEM*

Assumed Number Most Eoonomical Probability of Encount-
of False Items Random Sample ering at Least One False

ar x en Tox, )
Over :8 &% over 95%
8 B : 8
" 10 22% : 90%
. 2 % . 3
. t 20t . %
: Eg 8%
" i 532 "__75%
¢ Lewis A. OCarman "The Efficacy of Tests", The American

Accountant Vol, XVIII (Dec. 1933) P. 332



-
3

'

1

’
N . - e e - e e - - e oo = . R - cee —es e
. -

- .



-15 -

Total purchases $80,000
Number of entries 400
Average dollar amount $§ 200
5% of total possible false entries 4. 000
Average number of false entries 20

Referring to Table 2, it would require 15% of 400 entries
of that 60 entries be examined. The probability would be
19-1 of uncovering at least ons false entry. Should a false
item be found, it is then necessary to extend the audit to
find other false items.

This sampling, however, does not mean ome or two months
transactions, but that the samples be chosen on & random basis
of every 5th or 6th item until a total of 15% is obtained or
some other method satisfactory for the basis of random seleo-
tion. (23)

The reasoning bekind this is that if the errors are con-
centrated in six months, say 12 of them, the probability of
uncovering & single one by exsamining two months completely
(16 2/3%) 1is 77%, but if the errors are concentrated in one
month, the probability of uncovering any one of them is
16 2/3%. (24) Thus, one oan see the tremendous risk the audi-
tor is taking under existing practices., Yet note that al-
though the concept was developed first in 1933 then expanded

(23) 1bid P, 585
(2k) Ibia P. 528
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in 1942, eight years later, no change has yet been made in
typical methods. See Table 1

In 1947 Leo Herbert and also Jerome Abrams came out in
the New York OPA with articles on sampling. (25) (26) The
artiole by Herbert reiterated the three classical rules for
sampling: the sample must be repregentative, adequate and
stable. By representative is meant that the sample must be
chosen at random in order for the theory of probability to be
operative, Adequacy has reference to avoiding small samples.
However, this seems to ignore the whole body of theory in-
volving small samples. 8Stability means that any increase in
the sample size develops no significant change in findings.

Abrams brings cut an interesting point that Carman and
Prytherch baged their findings on the normal distribution, but
he feels that the errors more nearly approximate the Poissonian
distribution which is a greatly skewed curve. However, he does
not follow up his supposition which this study will do.

Reopéning of the subject literarily was initiated by
John Neter in May 1949, He discussed the application of sequen-
tial sampling to auditing which this study will develop with

(25) Leo Herbert, "Practical Sampling for Auditors®, THE
NIW YORK CERTIFIED PUBLIC AOCOUNTANT, (Jan. 1947)
Vol. IVII No. 1 P, 58

(26) Jerome Abrems, "Sampling Theory Applied to the Test-
Audit®* THE NEIW YORK CERTIFIED PUBLIC ACOOUNTANT,

Vol. XVII, ¥o. 10 (Oot. 1947) P. 645-652
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Lawrence L. Vance, the next writer. (27) Without solving 1t,
Neter raised the practical problem of setting up a oriterion
upon which errors of transactions can be classified as to
their effect in making the transaction as a whole acceptable
or unacceptable. Ia September of 1949, Lawrence L. Vance pointed
out that statistiocal ssmpling is & tool and the method ocan be
used only upon the basis of some standard population, ( a concept
which Vance failed to define), with which the actual sample ocan
be ocompared. (28) He also pointed out: "that the method is
appropriate only for those areas of acoounts where a relatively
large amount of detail work of homogeneous character oan be
isolated.* (29) F;inno she- statistiocal method will not parti-
cularly uncover the isolated error hntfg;ipo the auditor to
evaluate the quality of the ¢422.¢4. vorku“#ii approach is mo
advance in uncovering the occasional fraudulent error except
that more adequate samples may result in raising the general
standard of auaiting.|

In 1950 Vance published a book on sequential analysis as

!!7’ John FNeter, 'In.fnvolfIgtiion of the Usefulness of
Btatisticel Sampling Methods in Auditing", THE JOURNAL
OF ACCOUNTARCY, Vol. 87, No. 5 (May 1949) P. 390-398
and also John Neter, "The Application of Statistical
Techniques in Auditing Procedures" THE NEW YORK OIRTI-
FIED PUBLIC ACOOUNTANT, Vol. XIX No. 6 (June 1949)

P. 345-350

(28) Lawrence L. Vance, "Auditing Uses of Probabilities inm
Selecting and Interpreting Test Ohecks®, THI JOUREAL
OF AGCOUNTANOY Vol. &%, No. 3 (Sept. 1989) P, 214-217

(29) Ibid P. 216
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1t applied to suditing outlining the technique in detail. (30)
i<?;: basis for sequential sampling is the likelihood
ratio. It requires the use of two hypothesis, Hy that the
population has P; (percentage) defeotives or fewer, and Hp,
that is, has P, (percentage) defectives or more. If the pro-
bability of drawing the sample from Hj is P, and of drawing

it from H, 1 P, then the 1likelihood ratio is_ Py ., The level
of risk we accept in making a decision is oxpre%eod in two
parts. We will designate the risk of acoepting Ho when Ky

is true as (a) or alpha and the risk of accepting H; when Hy
is true as (b) or beta and (N) as designating the sise of the
sample,) Vance's table appears as Table 3,

The values tentatively suggested are P; (percentage de-
feotives or 1ess) = .005 and P, (percentage defectives or
more) = ,03. The meaning is that 1 error in 200 is scceptable
whereas 3 in 100 are mot acceptable. (31)

VYanoce defines errors &s consisting of two groups, sub-
stantive and procedural errors. Substantive errors include
errors in computations, errors in posting, errors in acoount-
ing principles and errors in omission. An example of a pro-
cedural error would be the failure to put a countersignature

(30) Lawrence L. Vanoe, SOILNTIFIO METHOD FOR AUDITING, 1st.
ed. Univ. of Oalifornia Press, Berkeley and Los Angeles

P. 8 (1950)

(31) Ibid P. 29 Attention is called to the fact that
VYance changes his notion on standard population
stated on P. 19 of this paper to a standard per-
centage of error.






TABLE 3
ACTION POINTS FOR SEQUENTIAL TESTS *

n accept reie

e

=
~N OV FEVNRN N OO o
ﬁSwwnnﬂwmmmmrauumm

e

599
The symbol (...) means that the next larger sample sise should

be used unless the number of rejects found is sufficieant to

reject sample.

¢ Lawrence L, Vance, SCIENTIFIC METHOD FOR AUDITING
University of California Press, Berkeley and Los

Angeles P. 91 (1950)
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upon a cheock otherwise properly issued. (32) Vance also feels
that the definition of error should be as broad as possible
since there will be a few errors uncovered. (33)

In applying the method to auditing of sales, Vance points
out the original records relating to sales inwiees, skhipping
orders, customer orders, and sales journal are proper areas
for the statistical method, (34)

One of Vance's cases is given in Appendix A in detail
merely to acquaiat the reader with his approach.

f;ioro it is desired to raise the representation of the
-it-pllnc, stratification may be used. This method is avail-
"able where the data may be classed in mutually exclusive
strata. VWith reference to auditing, the strata may be based
either on the amounts in the transaction or the amounts inm
the calculations. The proocedure requires that proportions
of the population falling into each ocategory be known and that
samples taken from each eategory be related im sise by the
same proportion-.\iigzj

There is an attempt by auditors to stratify the data for
ordinary auditing. For example, in examiming the extensions of
inventory, material items may be examined oompletely while
small items may be only scanned.

— (32) IbId F. 30
(33) Ibsa P. 32
(34) Ibid P. b
(35) Ivid P. 72
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As the reader by now can appreciate, there is quite a
difference between the sampling dons by statistieians and
that done by auditors. The auditors have a tendency to
oexamine the material items and neglect the small ones.

There is no quarrel relative to examining the significant
onss but the smaller oaes must be included in at least a
proportion of & minimum sample., Sales records are almost
invariably sampled for periods of a week or more. The result
is a biased sample with its inherent difficulties of math-
ematiocal preocision. 8Since at present, the auditor's samples
are so fregquently biased and difficult to defend, the only
conolusion that is tenable is that by the use of random
sampling the auditor may defend his methods which is indeed
a great advance if no other end was served. (36)

Wa. D. Oranstoun in 1948 listed three limitations of
preseat statistiocal auditing as he views the subjeot;

1. No probability ratio can be caloculated for a
combination consisting of two or more procedures.

2. The statistical approach is directed only te
ocaloulating chances of discovering a single falee .
item, when actually the aunditor is comocerned with
their extent and sise,

3. Since probability is based on the number of items,
20 distinction is drawn as to the imporsance of
items. (37)

Exoluding the types of sudits designed to uncover fraud only,

= (3] I P

(37) William D. Oranstoun, "A New Look at Basic Auditing
Techniques® THE JOURNAL OF AOCOUNTANCY Vol. 86, No. M
(Oot. 1948) P. 274-283




r




- 22 -
this investigation will solve questions 2 and 3 and suggest
an answer for 1 above., JFor this purpose an actual case was
designed and a method developed which will be descoribed

later and discussed in the conclusions.






~ STATISTIOAL METHODOLOGY

[///;he problem of the auditor is ons of uncovering errors
either of omission, commigsion, or of principle. The auditor
exsmines the transaction sampled for existence or absence of
error. No attempt is made to classify the errors as bad,
very bad and terrible. The only classification is in terms
of dollars and more precisely, ia terms of whether the error
is material or immaterial. The eoncept of materiality is a
subjective determination by the auditor based upon the rela-
vant fasctors. The error iteelf, although measured in dollars
is an error in reoording, posting, calculation or of prinoiple
which alore is not subjeot to classification. (38)

The study of the existence or non-existence of a char-
scteristic, error, in the data is referred to by statisticians
as & study of attributes. As the regult of a sample, those
items possessing the attribute are placed in one class while
those not possessing the attribute are placed in a separate
class. The oclasses are mutually exclusive. The first class
is designated as (p) and the second class is (q). The relation
of 1 = p= q 6xists between the classes. It is advisable to
reduce the frequencies of the oclasses to percentages. (39)

(38) Lawrence L, Venoce, SCIENTIFIC METHOD FOR AUDITIRG
1st. ed, Univ. of Calif. Press, Berkeley and Los
Angeles, P. 12 (1950)

(39) Quinn MoNemar, PSYCHOLOGICAL S8TATISTICS, lst. ed.
John Wiley & Soms, Inc. New York P. 62 (19*9)
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Suppose 1t is determined by random sampling that 5% of
200 invoices were improperly extended or that 10% of 100
sales invoices were improperly priced. The mathematiocal
model, the binomial theorem, permits one to generalise from
these statistics the amount of the error. We are faced then
with the problem of making an inference from the sample value
to the population value, i.e., from (p) to (P) where (p) stands
for the bboervod percentage possessing the characteristio
studied (errors in extension or errors in pricimg) and (P)
stands for the percentage in the defined population that show
the characteristic. If we were to take successiwve samples of
sizse (n) and make a distribution of the observed percentages,
the distribution would center about (P) with a spread or stan-
dard deviation equal to the square root of P(100 - P) /n,
Since we do not know ({), we must use the observed percentage
as & basis for determining its standard deviation. The stan-
dard deviation of a binomial distribution of a percentage will
be given approximately by 0 = V| Ff& in whioh:

N
P = obgerved percentage or attribute expressed as a decimal

Q=100 -p

2 = the number of cases studied in the sample

If 10 inwices out of 200 chosen at random from a year's
sales invoices possessed errors in multiplying quantity times
price it may be inferred that the (P) population percentage
of such errors is likely to be between the limits (p + 35;)

or 5 43 (1.5%) 1.e. .35% and 9.62% approximately. By using
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a three sgigma (3¢7) confidence limit it may be said that in
99.7 samples out of 100 samples the population percentage (P)
will lie between .35% and 9.62% approximately.

One limitation to the ugse of the above method is namely:
that each individual member of the universe must be replaced
before the next sample is drawn. This means that each event
has the same chance of success. (40)

Another oondition for this method is that the success of
different events, the existence or non-existence of error, are
independent ia that the result of one event is mot affescted by
the results in prior events. (¥1)

The assumption underlying this formula is that the ob-
served (p) will be a very olose approximation of the population
(P). The smaller the standard deviation is the closer the
approximation booonoq:_iigLJ/

MoNemar states that the relative form is unworkable when
(p) is small. (#3) Yule and Kendall, however, point out that
the formsula 0p - \‘ gé is the relative form of 0 - W

and tho same resulte vill be obtained by both formulas. (&4)

! / /
!hoyfkurther point’ont/by the use of the<tstttr-for-u1f)that

dny Yule, M. U. Xendall, An Introduction to the
THEORY or STATISTIOS, 11th ed. Charles Griffin & Co.
London, P. 350 & 357-8 (1937)
(41) Ibid P. 350
(42) Ibid P. 354,355

(¥3) Quinn MoNemar Op Cit P. 62
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1f (p) is small, so that p2 ag compared with (p) may be neg-

lected; then Pq = p (1-p) = p - p2 » approximately p, and
consequently we have approximately; ¢ - W(VTE— =-“(;;:—.

That is to say, if the proportion of failure be small,
the standard deviation of the number of failures ig the square
root of the mean number of failures and hence the standard
deviation ocan be determined even if (p) is unknown except that
1t is small. (¥5) Thus it would appear that the limitation of
McNemar is unjustifiable particularly when (n) is large.

In auditing, the (n) will usually be large so that this
limitation will bs of no practical significance to the praso-
ticing ssccountant. “r o

The experimental unit used in this study is the pricing
of a part. The part to be priced was chosen on the bagis of
every fifth item in the strata. 8ince the characteristiocs of
the data are not determinable other than by detailed examination
and further, the parts were chosen throughout the temperal per-
iod, the sample then may be considered random because the bias
of the investigator was eliminated. The limitation involving
the replacement is not a factor because no order of parts existed
and suocess of selection of a part depended upon whether the
invegtigator began counting to five with the first part found
in that strata or successive items. TFor randomnegs, the

investigator based the beginning number of each sample upon

W) . Ddny Yale, Op 01t F. 353
(k5) Ibid P. 356
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a random number table using 2,3,1 for the 20% (approximately)
samples and splitting the 20% samples in half for six 10%
(approximately) samples. The three 20$ samples were added to-
gether to give one 60% sample including some overlap.

The independence of each event was not prejudiced by the
results of prior events by virtue of the sampling technique.

The study introduoced a variant in the method of stating
(p) (q) snd (n). Although the experimental unit was concerned
with the act of pricing, the successes or failures by themselves
are not the primary oconcern of the auditor because he is ocon-
cerned with materiality and not the number of errors. There-
fore, it seemed quite logical to measure the factors in terms
of dollars. The errors in dollars divided by the total dollar
value of the ssaple is used as (p).

For example, in sample one, five errors in 105 items were
found, Using the standard deviation formula for a percent

6 - \if{! the resulting standard deviation is

2.7% or a three sigma variation of 8.1% adding this to (p) of
§.7% the 1limits range from O to 12.8%6. This appeéars to mis-
state the facts. Referring to Table 7, with a sample of
$2201.32, only $4 of errors were found assuming i = (p),
which is .18% or very near perfect. The upper limit is A58,
To the common sénse of the average auditor, the method involv-
ing dollars seems more meaningful and more usable ia the exer-
cise of judgment.

The limits of .003 variation of a percent of a sample with
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a large (n) and a (p) may be expressed by the formule F T 3\JE§;A
Varying values of this are available in tables, excerpts from
one of which may be found in Appendix B. Referring to Appendix
B, suppose in the audit of $10,000 of sales invoices from a
total of a $1,000,000 sales, 0.6% total errors were found.
Follewing in the upper control limit the line marked 0.6% to the
column marked 10,000 is the figure 0.83%; in the lower control
1imit the corresponding figure is 0.37%. The interpretation is
that the variations due to sampling are from 0.83 to 0.37 of
one per cent, Thus, based on & 3 § confidence limit, this sample
could not have arisen from a population containing more than
0.83 of one per cent of errors or less than 0.37 of ons per oent
errors in 99.7 chances out of 100. By using dollar values for
(n) this means that based on the results of the sample there
will be between $3700 and $8300 of total errors, in the popule-
tion, but mo more, in 99.7 times out of 100 samples.

The principle of stratifiocation is to break up non-homo-
gensous data into more homogeneous groups. Within each group
random seleotion is employed. The sise of each group in the
sample should be proportionate to0 the relative importance of
the stratum to the total of all the strata. Where the differ-
ences between strata are pronounced, & more acourate sample
results. (#6) Dollar values lend themselves easily to strati-

rederioc

ppiied to
Economics und Buoincso 2nd ed. rev, Henry Holt & Oo.,
New York P. B62 (1938)
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fication. They are mutually exclusive, that is to say, $2.50
does not appear in a class interval of five to ten dollars.

McNemar introduces a correction of the standard deviation
fermula for stratification namely Op - "",:i - fni .
However, in this study the (¢ 's) are so small that the correc-
tion becomes theoretical and has no signifioant bearing upoa
our results. However, should (p) be much larger, say 30%, then
1t may be well to use the correction, (¥7)

Vance uses & method of weighting stratified results for
whioch mo authority could be found $0 support him and thus his

technique is excluded from use in this study. (M8)

— (¥7) Quin NoFemar Op Oit F. 33¥

(48) Lawrence L. Vance Op Cit P. 73
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A CASE BTUDY OF AN ASPECT OF STATISTIOAL AUDITING OF SALES

Vance peinted out that it would be desirable to eummarise
results in terms of the money value of errors in the population,
but this did nmot seem to be a very practical objective, (49)
Aocounting errors arise almost entirely from human fallibility
and there is no regular or simple pattern of human fallibilities
on whioch probatility calculations could be based.

This, the investigation set out to prove, The idea was teo
use indirect argumeat that the results would be oconsistent with
the thinking of Vamce. If they were inconsistent, or in other
words, & pattern adaptable to statistiocal study and as accurate
and as sensitive as his results were found, thenm his position is
erroneocusly takena.

A fairly large manufacturer agreed to & limited examina-
tion of a small segment of his sales. The system of internal
control existing is as follows: A parts order is written up
and the customer's credit is approved. With approval, a fao-
tory move order is made in triplicate, The first copy is used
as an acknowledgement copy, the third as a packing slip and the
second follows the parts from the warehouse to shipping depart-
ment and thence to the inventory control where it is priced,
extended, and posted to inventory records. From the second copy

awrenoe L. Vance, SOILRIIFi0 METHOD FOR AUDITiNG,
lst ed. Univ, of Oalif. Press, Berkeley and Los
Angeles, P. 12 (1950)
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of the extended move order, the billings are made, preofed,
and the extensions are checked by a comptometer operator.
Four eopies of the billings are made: One to the treasurer's
departeent, second to the accounting department with the
third and fourth going to the customer. From the second the
receivables are posted, the order is listed, and a sales dis-
tribution is made.

Based upon the accounting system a list of possible errors

was developed:

1. The oredit may not be approved. This was considered
under control becauge of matching the treasurer's
copy with the customer's statement.

2. The incorrect part number may have been recorded om
the move order, the incorrect item shipped or im-
proper posting to the inventory. 8ince shipments
were impossible to check and management did not de-
sire that the service department personnel be in-
volved in the investigation, these items were not
included in the study, even though no checks or
balances to the knowledge of the asccounting depart-
ment existed with reference to these possible errors.

3, Another type of error which was not controlled was
the priocing of the parts. This could be reviewed
without involving the service department and further
this was the item interested ia by management.
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4., The billing errors due to proofing and comptometer
operations did not seeam too fruitful for study.

5. 8Since the year end closings were in progregs and
the public accountants were pregent, the accounting
department felt that a study of the recording
errors in accounts receivable, sales distribution
and costing were not practicable at this time.

Therefore, the study involved items looked up in the
pricing book, The experimental error was defined as the
correctness or incorrestness of the price looked up and re-
corded as the unit price times quantity. (50) The error
ocourred in the act of pricing and was measured in dollars,

The first procedure was to tabulate the sales of these
particular parts for the year, It was found that there were
526 items t0 be looked up and the sum of unit prices times
quantity for the year totaled $7055.82.

The seeond procedure was to develop a scheme of strati-
fication which at best was unwieldly, but 12 strata were made
as shown in Table 4 on the mext page.

It will be observed from the stratification and distribu-
tion that the eurve is highly skewed similar to the Poisson-
ion distribution. It was then decided to take two sets of

(50) From here on the figures are slightly disguised,
but with no effect on the results,






TABLE 4
SUMMARY OF STRATIFICATION OF SALES TEST DATA
For the Year EInded Deo. 31, 1950
Class Olass Mid-point [Experiment- % of experi- Amount of

no. (in dollars) al Units mental Units class
(;nidollarc)
1l $ .50 147 27.9% $ 61.15
e 1.50 68 12.92 99.02
3 2.50 36 6.85 87.12
b 3.50 36 6.85 122,58
5 &,50 23 §.37 101.53
6 5.50 25 k.76 133.98
7 8.50 60 11.%0 490.89
8 15.00 70 13.30 1018.4%
9 35.00 hs 8.56 1522.41
10 125.00 10 1.90 905.25
11 300.00 b .76 1117.45
12 700.00 —_—— —38 ~2396,00
Totals 526 100,00 __§ 7095.82
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saaples based upon the above stratification. The first set
consisted of three samples approximately 20% each of the ex-
perimental units based on taking every 5th item, except the
first sample, in each stratifieation where possible. However,
in those strata, insufficiently large, succesaive samples were
not included. The item chosen was prioced and extended. Any
difference was noted as an error. A feature complicating this
process was that a price revision had been insugurated after
the price book was published. Every part was first determined
1f 1t was included in the revised listing, if not, the part
was found in the main body of the catalog and then compared
with the price on the invoice. If the price on the invoiee
varied from the revision if listed there, or the catalog if
not, an error was reesorded. The unit price times the guantity
was then extended to get the total error. No attempt was made
to segregate the errors dependent upon their increase or de-
erease of gross sales. It was felt that this was not a factor
in the study. The three 20% samples added to give one 60% sample
with some overlap whioch is included in the table.

The second set consisted of 6 samples approximating 10%
each of the experimental units using the same procedure as
outlined above,

The results of the sampling are showa in Tables 5 and 6,
Inocluded in the samples discussed above, the first sample of
20% of the population was taken in groups of five scattered

through the stratum. At least one item was used from each






TABLE 5
SUMMARY OF THREE 20% SAMPLES AND TOTAL OF THE THREE SAMPLES
For the Year Ended Dee. 31, 1950

Olesgs Let ;r%:o (4n dongrrs) Total 60% ]rro:z (4n units)
e e e e Tot
1 $ .10 $ .13 $ .20 §$ .3 e L
2 «05 .05 <00 .10 1 2
3 1.15 .15 1.45 2.75 1 3
b 00 00 00 00 0 0
5 00 00 00 00 0 0
6 00 00 00 00 0 0
T 2.70 .65 00 3.35 1 2
8 00 00 00 00 0 o
9 00 00 00 00 0 0
10 00 00 00 00 0 0
11 00 00 00 00 0 0
12 90 =20 £ _90 -~ 2
Total $3,00 4,38 4LG 466 5 AW
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TABLE 6
SUMMARY OF SIX 10% SAMPLES
For the Year Ended Deo. 31, 1950

Qlass Errors (in dollars

A Sample B Sesple ¢ Bample D Sample E Semple [ Sample
1l $ O $ .10 $ .13 § o $ .20 $ O
2 0 «05 0 «05 0 0
3 ) 1.15 .15 0 0 1.h5
h 0 o 0 0 o o
5 0 0 0 0 0 0
6 0 0 0 ) 0 0
7 0 2.70 .65 0 o 0
g 0 0 0 o o 0
9 0 0 0 0 0 0
10 0 : 0 o 0 o o
11 0 0 0 o 0 0
12 I -0 _ N B I -2 9o
Totale §_0O 44,00 atdde 492 2. LM
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stratum. This was taken to oompare the results of sequential
analysis with the method developed in this study.,

Baged upon the sequential sampling of Vance, the firet
sample would have been rejected since five errors are more
than the three errors allowed by the Table Vance uses for
samples of approximately ons hundred. (51) In ordsr for this
sample to have been accepted, no errors should have been found,
Rejection is predicated upon the finding of three or more errors
Yot by the methods of this investigation, the sample would have
been sccepted as demomstrated below. Even from a total of 60%,
with some overlap, the sample would have been rejected based on
sequential analysis as eleven errors were found, yet only $6.63
of errors were actually found.

It was ooncluded, after much cogitation, that since the
errors and (p) percentages were low the standard of eomparison
should be high. Thus a 99% confidence was set for this experi-
ment, However, the confidence limit could easily have been set
before the experiment or the audit engagement as well., The con-
fidence percentage will wary only for areas of work and not
necessarily from company to company. This overcomes a tremendous
obstacle inherent in standard sample siszes which would of necess-
i1ty vary from eoncera to concern and then not prove conclusive
because of poor results necessitating additional sampling. The
method of this study eliminates such difficulties and in addi-

tion places the emphasis on the major factor, namely, the degree

See @
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of confidence that may be expressed.

The following Table 7 gives the upper and lower limits
for the various stratified samples based on dollar errors.
Additional tables will be found in the Appendix C, D, and E
giving more detailed information on the results shown in
Table 7. It should be noted that in the large samples, the
upper limits are still less than 1%. If we should desire to
be within 1% of acouracy, these samples ghow the work to be
well within our standard.

If further proof is needed, the null hypothesgis theory
could be used, for say, the first sample. (52)

Where n = 2201.32 (the dollars)

Standard = P' = .01

Aotual (p) = .0018

Standard Error = V 01 X = ,002

Difference between ictu;laand standard = ,0082

0082 = 4,10

From which it oouid be conocluded that .0018 could not be
.0l. In order for the study to be incorrect, the regults must
be less than one.

Referring to Table 7, these values for upper and lower
l1imits may be found in published tables, a part of which is
inoluded in Appendix B. Comparing this table with the results
of this study, the first sample is within .0002 of being .002.

2 NoNemar, POYOHOLOGIOAL STATISTIOS, 1st. ed.
(581 g:i:glilc;-:ISona, Ino. New York, P, 63 (1949)
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of confidence that may be expressed.

The following Table 7 gives the upper and lower limits
for the various stratified samples based on dollar errors.
Additional tables will be found in the Appendix C, D, and £
giving more detailed information on the results shown in
Table 7. It should be noted that in the large samples, the
upper limits are still less than 1%. If we should desire to
be within 1% of acouracy, these samples show the work to be
well within our standard.

If further proof is needed, the null hypothesis theory
could be used, for say, the first sample. (52)

Where n « 2201.32 (the dollars)

Standard = P! =« .01

Aotual (p) = .0018

Standard Error = V 01 X = .002

Difference between iotualzand standard = ,0082

0082 = 4,10

From which it couid be oonocluded that .0018 could not be
+01l. In order for the study to be incorrect, the regults must
be less than one.

Referring to Teble 7, these values for upper and lower
1imits may be found in published tables, a part of which is
inoluded in Appendix B. Comparing this table with the results
of this study, the first sample is within .0002 of being .002.

(52) Quinn MoNemar, PSYCHOLOGIOAL STATISTIOB, 1st, ed.
John Wiley & Sonc, Inc. New York, P. 63 (1949)







TABLE 7
SUMMARY OF RESULTS - UPPER AND LOWER LIMITS

Sample Amount (n) Errors Percent of Sigma Three Upper Lower

(dollar llar error (p) Sigma  Limit in & Limit
Total  $4497.76 $ 6.63 147 4 .00057 .00171 .318% o
1 2201.32 k.00 .18 .0009 .0027 A5 0
2 1356.36 .98 072 .00073  .00231 303 ]
3 9%0.08 1.65 .176 .001% o002 596 o
A 1369.93 .00 .000 0000 0000 -000 0
B 836.39 k.00 A8 .0024 .0072 1.2 0
o 640.33 .93 J145 .0015 0015 595 0
D 715.47 .05 .007 .00031  .00093 .1 0
) ) 540, 48 .20 037 .00077 .00231 «268 0

1 339,62 1.5 1427 40031 ,0093 1,357 0

¢ With a standard of one percent, these results are not within our standard
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Using the sample sise as dollars (2201.32) and using the .2%
column the figure .0050 is found under sample sise 2000 and
.00} ig found under sample sise 3000. 8ince the 2201.32 is
the correct value, it would lie between .0050 and .0044, and
also, since the pereentage is .0002 less than ,002 and the
value for .1% is between .0031 and .0027 the figure of the
study of .00d5 is very olose.

This, then, is what Abrams would have found, no doubt,
had he developed his hypothesis. (53)

Thus & simple procedure has bsen developed whereby the
accountant by relating his errors found in dollars to a per-
ecentage and ueing an (n) of the total dollars of the sample
may find a factor which will give him the information necess-
ary to express or disclaim the client's work. Note that with
a 1% standard only, samples B and F would have been rejected
whieh may be the chance fluctuation noted above or more likely
it may be that 10% or less (in dollars) is too small a sample.
Assume for purposes of explanation that they are correct,
attention is called to the fact that the percentage of errors
is less than one half of one percent yet they are not within
our standards. In fact, the possible error is approximately
three times the error uncovered. Thus, just because the auditor
finds less than 1% error is not neceassarily sufficient evidence
to conclude that the possible error is less than 1%4. This method

erome Abrams, 'Sampling Theory Appiied to the Test-

Audit*, The New York Oertified Public Accountant
Yol. XVI% ¥o. iﬁ %. 535:5%5 (Oct. 1907)
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then gives the auditor an objective measure of his reliability
based upon the facts he uncovers in the audit. What embarrass-
ment the suditor might experience in thinking that errors total-
ing $5000 of & million dollar sales (4 of 1%4) is all the error
whereas actually it may be $15,000. Particularly does this
become significant when the standard is lower, such as 95% or
90% allowing 5 or 10% error. As these errors are tripled, a
judge or jury may well ask what evidence did the anditor
possess to formulate his opinionm or what oconfidence can the
suditor justify.

The question arises why does this highly skewed curve
(Poisson or Bernoullian) work for suditors. This study would
indicate that errors are normally low in the average well run
business with an adequate system of internmal control. In addi-
tion, this study showed that few errors are made on large items
but occasional errors are made on small items. BSee Tables
5 and 6.

No errors were found in the classes representing 90% of
the total dollar value. 8Since therefore, the errors discover-
ed in this study were small, the distribution of the errors
is a highly skewed curve, This finding completely refutes
Vance's contention that no pattern exists. (54)

Although the method of this study is limited to errors
measurable in dollars, it has been proved as sengitive or more

sensitive than the sequential sampling method. Therefore, the

= (B%J Lawrence L. Vance, Op Oit P, 12
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statement by Vance noted above is inconsistent with the find-
ing of this study and a measure of materiality for the pur-
poses of auditing has been deweloped,



CONCLUSION

In oconclusion, it would appear that Montgomery's defini-
tion of testing in the auditing sense is more nearly correct
but that his bases for testing are not in agreement with
his definition but should include in all his bases for repre-
sentative samples the words "randomly selected. * (55)

The first limitation relating to two or more procedures
ocited by Oranstoun on page 21 is generally valid as of today.
This study overcame such difficulty by defining the experi-
mental unit in terms of a specific job related to the validity
of original evidence of sales invoices. Yet this study gives
no evidence that the definition of error ocould not be expanded.

His seocond limitation regarding false entries seems too
sarrow. Sequential sampling and the technique of this study
have broadened the scope of statistical auditing much more than
merely fraud detection. In fact, these methods are the least
advisable for fraud which, however, does not impair their use-
fulness since fraud detection today is not the most important
reason for an audit, ranking eighth in a 1list of 12 reasons
for certified statements as given by Holmes. (56)

“Robert H. Montgomery, AUDITING THRORY ARD PRAGTIOE,
55 6th :a., nonﬂlﬁ Pr:!o, New York, P. 36 (1940)

(56) Arthur W. Holmes, AUDITING Principles and Progedurs,
2nd ed. rev. Richard D, Irwin, Chicago, P. 3 (1947)
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The third limitation concerning materiality cited by
Oranstoun is valid for the sequential type of analysis but
it is invalid with reference to the method of this study.

The reason is that dollars ( a common denominator) and not
the error iteelf can measure materiality as well as immater-
ialisy. Therefore, a distinction is drawn because an error
of $500 in a sample of a $1000 is 50% which changes the (p)
in the formula of this investigation. Although in sequential
analysis it is only one error. Thus the method presented in
this paper gives the auditor & procedure whereby his judgment
of materiality or immateriality can be attested.

Rather than determining standard sample sizes as Oranstoun
has suggested, it would eseem more logical to set standard pre-
eision estimates (probabilities). (57) That is to say, does
the suditor wish to be correct within 1%? For in the final
analysis the auditor is interested in the confidence that he
may express in his report. To follow standard sample sises
seens to place the acocent on the wrong syllable. Thus, the
mothod used in this study results in standards which have more
universal application than sample sises. It is more signifi-
cant to the profession to set a standard of 99% confidence for
sales regardless of the sise of the business tham to work out
sample sises for varying sise businesseés.

Another allegation this study refutes is the notion of

= (Bf) Bee P, | of this paper
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Vance 's that a standard population is necessary. (58) The
method of this study does not require a standard popula~
tion since such oriteria are unnecessary in studying attri-
butes as mentioned in the chapter on statistical method.

Finally, although this paper has limited its discussion
to the auditing of sales, the method is applicable t0 many
areas of auditing such as vouchers, accounts receivable,
inventory and postings. Thus, wherever testing is used to
determine the reliance upon the system of internal control,
other tham cut offs, the method of this study may be ger-
iously considered as the vehiscle of agcomplishment,

(58) BSee P. 17/ of this study.






APPINDIX A
A CASE STUDY USING SEQUENTIAL ANALYSIS IN AUDITING*

The material of this case is the raw material
and merchandise inventory of a small manufacturer
of surgiocal appliances. The inventory consisted of
1,060 items, and the olerical work is the area tested.
Extensive examination of this inventory in the actual
audit, plus thorough socrutiny by the senior partner of
the firm (who did not participate in its preparation)
revealed only 5 errors. The examination of the cleri-
cal work was not complete, although 100 per cent of
footings and 25 per ocent of extensions were checked
by the auditors. We may assume, however, that all
errors were found for the purpose of trying statis-
tical techniques. Upon such an assumption, three inde-
pendent random samples were drawn. In the first two
samples no errors were found in the first &9 items
drawn, so that the population would have been accepted
with a minimum sample if we use the values of Table 10*
(left section) as a basis for judgment. In the third
sample an error was found when item 45 was drawn; this
indicates an indeterminate result. A contimuation of
the drawing was made and after 160 items were included
no other error had been found, so the population would
have been accepted in the third case also without as
much effort as was expended by the auditors in practice.
In the event the reader is concerned about our failure
4o run down the 5 errors in this inventory, it should
be observed at this point that where any error is con-
sidered likely to be very important and its discovery
essential, the sampling method is not appropriate,
whether applied scientifically or not. 8Such an atti-
tude regquires ocomplete examination of the area involved.

*Lawrence L. Vance, SOIENTIFIC METHOD FOR AUDITING
University of Oalifornia Press, Berkeley and Los
Angeles P. 51, (1950)
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APPENDIX O
SUMMARY OF THE COMPUTATION OF (p)

Amount Errors Amount divided
Sample (1n dollars) (in dollars) by errors
‘ n _pereoent

I $ 4497.76 $6.63 <187%

b § 2201.32 k.00 .18

2 1356.36 .98 072

3 9%0.08 1.65 176

A 1396.93 0 0

] 836.39 %.00 M8

0 640.33 <93 145

D T15.47 .05 .007
540,08 «20 037

I 339,62 1.45 _.he7
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APPERDIX

D

SUMMARY OF OOMPUTATION OF UPPER AND LOWER LIMIT FOR 20%

SAMPLES AND TOTAL OF THE THREE SAMPLES

Ssample

The decimal of sample
errors to sample (p)

The reeciproeal (q)
gigaa ( 6 )
Three sigma (3 ¢ )
Upper Limit (p + 36)
Lower Limit (p - 3¢)

gample 2 Saaple 3

00072
99928
«00073
00231

-00303
. 00000

.00176
.99824
.001k
.0042
.00596
00000

Sample I

.00147
+99853
.00057
.00171
.00318
.00000
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