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NOTE

In revising and combining the former Volumes 2 and 4 in this series, the appendix con-
cerning “Random Systematic” sampling has been omitted. The uses of systematic sampling
in auditing will be discussed in a future publication.

Tables 1, 2, 3 and 4-A are based on the Tables of the Cumulative Binomial Probability
Distribution, Volume 35 of The Annals of the Computation Laboratory of Harvard University
(1955). No rounding was used in preparing the tables, and consequently the reliability will
often exceed that given in the table heading. Tables 4-B and 4-C are based on the hyper-
geometric distribution.

Since attribute sampling can be used in accounting as well as auditing applications,
the tables show precision limits ranging up to 50%, even though such limits are seldom appro-
priate in auditing.






APPENDIX I I-1. In some cases, an auditor may wish to
develop discovery sampling tables which provide

“TVELOPMENT OF DISCOVERY sample sizes other than those which appear in
SAMPLING VALUES Exhibit IV. This appendix will explain how
~ 2INOMIAL DISTRIBUTION this can be done so that, for any sample size,

n, the auditor can determine P, the probability
of including at least one occurrence in the
sample, for any given value of p, the true
population rate of occurrence.

(No answer required)

I-12. Determine the logarithm of the following
numbers:

313 2.4955

I-23. Locate 5105 in the logarithm table.

It occurs on line 32, column 4. Therefore,
the first 3 digits of the corresponding number
are 324. Now locate 6274 in the logarithm
table. It occurs on line , column
Therefore, the first 3 digits of the number

are .




No answer required

I-2. For populations greater than 10,000, the
probability, P, of including at least one
occurrence in the sample can be determined from
the following formulae:
)n or, expressed in
logarithms,

(1) 9=(1-p

log Q = n log (1 - p), and
(2) Pp=1-29Q
Since P is the probability of finding at least

one error, then Q must be the probability of
finding (ONE/ZERO) errors.

1.4955

.4955

I-13. When there are no digits to the left
of the decimal, the whole number value is
determined by adding 1 to the number of O's
to the right of the decimal and reversing the
sign. Thus, for .0275, the whole number
value is -2 (1 + 1). For .00275, it would
be -3, and for .000275, it would be .

42

424

I-24. Once the three whole digits of the
number have been determined, the next step is
to locate the decimal. The decimal is located
after the (x + 1l)th digit in the number, where
X is the value to the left of the decimal in
the logarithm. Thus, in converting the
logarithm 2.6274, the decimal appears after
the third digit of the number. For the loga-
rithm 3.6274, the decimal appears after the
fourth digit. To convert the logarithm 1.6274,
the decimal would appear after the

digit.




I-3. Refer to Worksheet 9 (page S-41) in

ZERO
this supplementary section. The auditor
seeks to determine the probability, P, of
including at least one occurrence in a
sample size of if the population occur-
rence rate is .

— I-14. Complete the following table for whole
number values of logarithms of the numbers
shown.

386 2
38.6
3.86 0
. 386
.0386 -2
.00386
second I-25. Convert the logarithms below to real
numbers.

Logarithm Number
1.6274 42.4
.6274 L
2.6274 L




160

I-4. Complete Line (A) on Worksheet 9.

21 (1%)

1 I-15. To determine the logarithm of any
number, select the value from

-1 the tables and determine the
value from the digits left of the decimal

-3 or O's right of the decimal.

4,24 I-26. If the logarithm is negative, a slightly

different procedure is used. Enter the table

424.0 with the complement of the decimal in the

logarithm. Thus, if the logarithm were -1.7328,
you would look up .2672 (1 - .7328) in the
table. This occurs on line 18, column 5, and .
the first three digits of the number are .




(Aa) 0.99

(1.00 - .01)

I-5. Complete Line (B) on Worksheet 9 using
the logarithm tables in Exhibit VvV (page S-29).

decimal

whole number

I-16. Determine the whole number values and
logarithms of the following numbers:

Decimal Whole
Number Value Value Logarithm
275 .4393 2 2.4393
2.75 .4393 .
.275 .4393 -
.0275 .4393

185

I-27. To determine the location of the
decimal, simply add O's to the left of the
three digits equal to the absolute value of
the whole number characteristic of the loga-
rithm. Thus, to find the number corresponding
to the logarithm -1.7328, you would determine
the three digits, 185, by locating

in the logarithm table and adding one 0 to

the left of the three digits in the number.




(B) -.0044

!If you are correct, go
ss») Frame I-19. Otherwise,
rontinue with Frame I-6.)

I-6. To find the logarithm of any number
using Exhibit II, the tables are entered

by locating the first two whole digits of the
number in the left-hand column. (Ignore, for
the time being, the location of the decimal.)
Thus, to find the logarithm of the number 2.75,
you would locate the line in the left-
hand column.

I-17. Since the quantity (1 - p) is 0.99

on Worksheet 9 (page S-41) the decimal value
of the logarithm from the tables is

and the whole number value is .

0] .4393
-1 - .5607
-2 ~-1.5607
2672
(1 - .7328)

I-28. To convert the logarithm -1.7696 to

a real number, locate 2304 (1 - .7696) in

the logarithm table. Thus, we know the three
digits are . Next, add one zero to

the left of the three digits, which produces

the correct number, .




27

I-7. When the line is located, proceed along
the line until you reach the column headed by
the third whole digit.
in this column.

The logarithm appears

Thus, the logarithm of 275
appears on line 27, column 5, and the logarithm
of 276 appears on line

, column

.9956

I-18. cCcalculate log (1 - p). Correct your

answer on Worksheet 9.

170

.0170

I-29. Determine the number corresponding to
each of the logarithms below.

a.
b'

Ce.

- .2993
-1.2993

~2.2993




27

I-8. The logarithm of 2.75 taken from the
tables is .4393. The tables give only the
decimal (fractional) value of the logarithm
(the numbers on the right-hand side of the
decimal point). Any whole value characteristic
(the numbers of the left-hand side of the
decimal) must be determined separately. Thus,
the decimal value of the logarithm for 2.75,
275, 2750, etc. is the same. What is the
decimal value for 3757 3750?

-.0044

(-1 + .9956)

I-19. Enter n, the desired sample size, on
Line (C) of Worksheet 9.

a. .502
b. .0502
c. .00502

I-30. Determine Q and enter your corrected
answer on Line (E) of Worksheet 9.




. 5740 I-9. The whole number value is determined

by the number of digits to the left of the
.5740 decimal in the original number minus 1. Thus,
the whole number value for 2.75 is 0 (1l-1),
for 275 is 2 (3-1) and for 2750 is .

(c) 160 I-20. Complete Line (D) of Worksheet 9.

(E) .198 I-31. The value, Q, is the probability of
disclosing exactly O occurrences in a sample
where the true population occurrence rate is
p. The value to be calculated in developing
the tables is the probability of finding at
least one occurrence. Therefore,

P=1-2Q

Calculate P and enter your answer on Line (F)
of Worksheet 9.




(4 - 1)

I-10. cCcalculate the whole number value of the
logarithm for each of the following numbers:

375
37.5

37.58624

(D) =0.7040

(160 x -.0044)

I-21. What number corresponds to a logarithm
of -0.7040? Enter your answer on Worksheet 9.
Line (E).

(Note: The notation, log "lx, refers to the
real number that has a logarithm of X. Thus,
log ~1.3010 would equal 2 since .3010 is the
logarithm of 2.)

(F) .802

I-32. Does the calculated value of P for a
true occurrence rate of 1% and a sample size
of 160 agree with Table 4-A (page S$-39)?
(YES/NO)




I-11. The logarithm of the number is the sum
of the whole number value and the decimal
value. Thus, for 275, the logarithm is
2.4393 (2 + 0.4393), for 2750 the logarithm
is 3.4393, and the logarithm for 27.5 is

(E) .198

(If you are correct, go
to Frame I-31l. If not,
continue with Frame I-22)

I-22. Given a positive logarithm such as
3.5105, the corresponding number is determined
by first locating the decimal value in the
logarithm tables. For the logarithm 3.5105,
the decimal value is 5105. For the logarithm
4.5105, the decimal value is .

YES
(.802 = 80%)

END OF APPENDIX I




1.4393 NOW TURN BACK TO PAGE S-1, THE SECOND ROW,
AND BEGIN FRAME I-12.
(1 + 0.4393)

.5105 NOW TURN BACK TO PAGE S-1, THE THIRD ROW,
AND BEGIN FRAME I-23.
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EXHIBIT 1V
TABLE 4-A

DISCOVERY SAMPLING FOR ATTRIBUTES

FOR POPULATIONS OVER 10,000

If the Population Occurrence Rate is:

Required
Sample
Size .01% .05% . 1% . 2% . 3% . 5% 1% 2%
The Probability of Discovering at Least One
Occurrence in the Sample is:

50 2% 5% 9% 14% 22% 39% 64%

60 1% 3 6 11 16 26 45 70

70 1 3 7 13 19 30 51 76

80 1 4 8 15 21 33 55 80

90 1 4 9 16 24 36 60 84

100 1 5 10 18 26 39 63 87

120 1 6 11 21 30 45 70 91

140 1 7 13 24 34 50 76 94

160 2 8 15 27 38 55 80 96

200 2 10 18 33 45 63 87 98

240 2 11 21 38 51 70 91 99
300 3 14 26 45 59 78 95 99+
340 3 16 29 49 64 82 97 99+
400 4 18 33 55 70 87 98 99+
460 5 21 37 60 75 90 99 99+
500 5 22 39 63 78 92 929 99+
600 6 26 45 70 84 95 99+ 99+
700 7 30 50 75 88 97 99+ 99+
800 8 33 55 80 91 98 99+ 99+
900 9 36 59 83 93 99 99+ 99+
1,000 10 39 63 86 95 99 99+ 99+
1,500 14 53 78 95 99 99+ 99+ 99+
2,000 18 63 86 98 99+ 99+ 99+ 99+
2,500 22 71 92 99 99+ 99+ 99+ 99+
3,000 26 78 95 99+ 99+ 99+ 99+ 99+

Note: 99+ indicates a probability of 99.5% or greater.
Probabilities in these tables are rounded to the nearest
1%.
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EXHIBIT IV
TABLE 4-B

DISCOVERY SAMPLING FOR ATTRIBUTES

FOR POPULATIONS BETWEEN 5,000 AND 10,000

If the population Occurrence Rate is:

Required
Sample
Size . 1% 2% .3% 4% . 5% . 75% 1% 2%
The Probability of Discovering at Least One
Occurrence in the Sample is:

50 5% 10% 14% 18% 22% 31% 40% 64%
60 6 11 17 21 26 36 45 70
70 7 13 19 25 30 41 51 76
80 8 15 21 28 33 45 55 80
90 9 17 24 30 36 49 60 84
100 10 18 26 33 40 53 64 87
120 11 21 30 38 45 60 70 91
140 13 25 35 43 51 65 76 94
160 15 28 38 48 55 70 80 96
200 18 33 45 56 64 78 87 98
240 22 39 52 62 70 84 91 99
300 26 46 60 70 78 90 95 99+
340 29 50 65 75 82 93 97 99+
400 34 56 71 81 87 95 98 99+
460 38 61 76 85 91 97 99 99+
500 40 64 79 87 92 98 99 99+
600 46 71 84 92 96 99 99+ 99+
700 52 77 89 95 97 99+ 99+ 99+
800 57 81 92 96 98 99+ 99+ 99+
900 61 85 94 98 29 99+ 99+ 99+

1,000 65 88 96 99 99 99+ 99+ 99+

1,500 80 96 99 99+ 99+ 99+ 99+ 99+

2,000 89 99 99+ 99+ 99+ 99+ 99+ 99+

Note: 99+ indicates a probability of 99.5% or greater.

Probabilities in these tables are rounded to the nearest
l%c

Sheet 2 of 3
S=27



EXHIBIT IV
TABLE 4-C

DISCOVERY SAMPLING FOR ATTRIBUTES

FOR POPULATIONS BETWEEN 2,000 AND 5,000

If the Population Occurrence Rate is:

Required
Sample
Size . 3% . 4% . 5% . 6% .8% 1% 1.5% 2%
The Probability of Discovering at Least One
Occurrence in the Sample is:
50 14% 18% 22% 26% 33% 40% 53% 64%
60 17 21 26 30 38 45 60 70
70 19 25 30 35 43 51 66 76
80 22 28 33 38 48 56 70 80
90 24 31 37 42 52 60 75 84
100 26 33 40 46 56 64 78 87
120 31 39 46 52 62 70 84 91
140 35 43 51 57 68 76 88 94
160 39 48 56 62 73 80 91 96
200 46 56 64 71 81 87 95 98
240 52 63 71 77 86 92 98 99
300 61 71 79 84 92 96 99 99+
340 65 76 83 88 94 97 99+ 99+
400 71 81 88 92 96 98 99+ 99+
460 77 86 91 95 98 99 99+ 99+
500 79 88 93 96 99 99 99+ 99+
600 85 92 96 98 99 99+ 99+ 99+
700 20 95 98 99 99+ 99+ 99+ 99+
800 93 97 99 99 99+ 99+ 99+ 99+
900 95 98 929 99+ 99+ 929+ 99+ 99+
1,000 97 99 99+ 99+ 99+ 99+ 99+ 99+

Note: 99+ indicates a probability of 99.5% or greater.

Probabilities in these tables are rounded to the nearest
1%.
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EXHIBIT V

TABLES OF COMMON LOGARITHMS

N 0 1 2 3 4 5 6 7 8 9

10 0000 0043 0086 0128 0170 0212 0253 0294 0334 0374 |
11 0414 0453 0492 0531 0569 0607 0645 0682 0719 0755
12 0792 0828 0864 0899 0934 0969 1004 1038 1072 1106
13 1139 1173 1206 1239 1271 1303 1335 1367 1399 1430
14 1461 1492 1523 1553 1584 1614 1644 1673 1703 1732
15 1761 1790 1818 1847 1875 1903 1931 1959 1987 2014
16 2041 2068 2095 2122 2148 2175 2201 2227 2233 2279
17 2304 2330 2355 2380 2405 2430 2455 2480 2501 2529
18 2553 4577 2601 2625 2648 2672 2695 2718 2742 2705
19 2788 2810 2833 2856 2878 2900 2923 2945 2967 29\

20 3010 3032 3054 3075 3096 3118 3139 3160 3181 320!
21 3222 3243 3263 3284 3304 3324 3345 3365 3385 3int
22 3424 3444 3464 3483 3502 3522 3541 3560 3579 3%
23 3617 3636 3655 3674 3692 3711 3729 3747 3766 378t
24 3802 3820 3838 3856 3874 3892 3909 3927 3915 3w
25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133
26 4150 4166 4183 4200 4216 4232 4249 4265 4281 420
27 4314 4330 4346 4362 4378 4393 4409 4425 4440 41
28 4472 4487 4502 4518 4533 4548 4564 4579 4591 duom
29 4624 4639 4654 4669 4683 4698 (713 4728 4742 4757

30 4771 4786 4800 4814 4829 4843 4857 4871 488G a0
31 4014 4928 4942 4955 4969 4983 4997 5011 5021 5038
32 5051 5065 5079 5092 5105 5119 5132 5145 5159 5172
33 5185 5198 5211 5224 5237 5250 5263 5276 5289 530l
34 5315 5328 5340 5353 5366 5378 5391 5403 5116 5N
35 5441 5453 5465 5478 5490 5502 5514 5527 5539  5iil
36 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670
37 5682 5694 5705 5717 5729 5740 5752 5763 5775 57sh
38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5N
39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117
41 6128 6138 6149 6160 6170 6180 6191 6201 6212 G222
42 6232 6243 6253 6263 6274 6284 6294 6304 G314 6325
43 6336 6345 6355 6365 6375 6385 6395 6405 6415 G2
44 6435 6444 6454 6464 6474 6484 6493 6503 6513 652
45 6532 6542 6551 6561 6571 6580 6590 6599 6609 6618
46 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712
47 6721 6730 6739 6749 6758 6767 6776 6785 6791 63
48 6812 6821 6830 6839 6848 6857 6866 6875 G881 653
49 6902 6911 6920 6928 6937 6946 6955 6964 6972 6usl

50 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067
51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152
52 7160 7168 7177 7185 7193 7202 7210 7218 7226 7l
53 7243 7251 7259 7267 7275 7284 7292 7300 7308 736
54 7324 7332 7340 7348 7356 7364 7372 7380 7388 73U

Reprinted with permission from Atcheson J. Duncan, Quality
Control and Industrial Statistics (3rd Edition, Homewood
Illinois: Richard D. Irwin, Inc. Pages 940-941).
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EXHIBIT V

TABLES OF COMMON LOGARITHMS

55 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474
56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551
57 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701
59 7709 7716 7723 7731 7738 745 7152 7760 7767 7774

60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846
61 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917
62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987
63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055
64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122
65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189
66 8105 8202 8209 8215 8222 8228 8235 8241 8248 8254
67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319
68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382
69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445

70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506
71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627
3 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686
74 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745
75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859
77 8865 8871 8876 8882 8887 8893 8399 8904 8910 8915
78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971
79 8976 8982 8987 8993 8998 9004 9009 9015 G020 9025

80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079
81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133
82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186
83 9181 9196 9201 9206 9212 9217 9222 9227 9232 9238
84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289
85 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340
86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390
87 0395 9400 9405 9410 9415 9420 9425 9430 9435 9440
88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489
89 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538

90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586
91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633
92 0638 9643 9647 9652 9657 9661 9666 9671 9675 9680
93 9685 90689 0694 9699 9703 9708 9713 9717 9722 9727
94 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773
95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818
96 0823 0827 90832 9836 9841 9845 9850 9854 9859 9863
97 0868 9872 9877 90881 90886 9890 9894 9899 9903 9908
98 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952
9 9956 9961 9965 9969 9974 9978 9983 9987 9991 0996

Reprinted with permission from Atcheson J. Duncan, Quality

Control and Industrial Statistics (3rd Edition, Homewood
Illinois: Richard D. Irwin, Inc. Pages 940-941).
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WORKSHEET 2

ABC LOAN COMPANY

In the annual audit of the ABC Loan Company, the auditor must
test the accuracy of the company's 20,000 outstanding loan
balances. He decides to select a statistical sample to test at
95% reliability whether more than 3% of the balances could be in
error. He anticipates from his previous experience with the firm
that about one percent of the balances are in error.

1. Anticivated occurrence rate

2. Specified upper precision limit

3. Reliability (confidence level)

4. Required sample size

5. Number of sample occurrences

6. Achieved upper precision limit
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WORKSHEET 4

MAJOR EASTERN UTILITY

In an audit of the Major Eastern Utility, the auditor seeks

to test at 90% reliability whether the percentage of disburse-
ment vouchers not signed by an authorized individual

exceeds 5%. He anticipates, from his experience with the
organization that about 2% of the vouchers are not signed.

1. Anticipated occurrence rate

2. Desired upper precision limit

3. Reliability (Confidence) level

4. Required sample size

5. Number of sample occurrences

6. Achieved upper precision limit




WORKSHEET 5

SOUTHERN MANUFACTURING COMPANY

In the annual audit of Southern Manufacturing Company, the
auditor is examining the recorded disbursement vouchers. He
is concerned that incorrect entries may have occurred at a
sufficiently high rate that net income might be significantly
in error.

For purposes of this problem, charges to balance sheet accounts
that should properly be charged to income and expense accounts,
and vice versa, will cause a misstatement of net income. There-
fore, such incorrect charges will be errors according to problem
definition.

The total number of disbursement vouchers is 10,300. The auditor
will examine 100% of the vouchers over $1,000. There are 500 such
vouchers. For the remaining vouchers, he will use discovery
sampling with 95% probability of discovery and a critical occurrence
rate of 0.5% for incorrect charges.

1. Population size

2. Probability of discovery

3. Critical occurrence rate

4. Sample size

5. Number of sample occurrences




WORKSHEET 6

TABLE 4-A
DISCOVERY SAMPLING FOR ATTRIBUTES
FOR POPULATIONS OVER 10,000

If the Population Occurrence Rate is:
Required
Sample

Size  .01%  .05% _.1% _.2% _.3% _.5% A 2%

The Probability of Discovering at Least One
Occurrence in the Sample is:

50 2% 5% 9% 14% 22% 39% 64%

60 1% 3 6 11 16 26 45 70

70 1 3 7 13 19 30 51 76

80 1 4 8 15 21 33 55 80

90 1 4 9 16 24 36 60 84

100 1 5 10 18 26 39 63 87
120 1 6 11 21 30 45 70 91
140 1 7 13 24 34 50 76 94

160 2 8 15 27 38 55 80 96

200 2 10 18 33 45 63 87 98

240 2 11 21 38 51 70 91 99
300 3 14 26 45 59 78 95 99+
340 3 16 29 49 64 82 97 99+
400 4 18 33 55 70 87 98 99+
460 5 21 37 60 75 90 99 99+
500 5 22 39 63 78 92 99 99+
600 6 26 45 70 84 95 99+ 99+
700 7 30 50 75 88 97 99+ 99+
800 8 33 55 80 91 98 99+ 99+
900 9 36 59 83 93 99 99+ 99+
1,000 10 39 63 86 95 99 99+ 99+
1,500 14 53 78 95 99 99+ 99+ 99+
2,000 18 63 86 98 99+ 99+ 99+ 99+
2,500 22 71 92 99 99+ 99+ 99+ 99+
3,000 26 78 95 99+ 99+ 99+ 99+ 99+

Note: 99+ indicates a probability of 99.5% or greater.
Probabilities in these tables are rounded to the nearest
1%.

Sheet 1 of 2
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WORKSHEET 6
TABLE 4-A

DISCOVERY SAMPLING FOR ATTRIBUTES
FOR POPULATIONS OVER 10,000

If the Population Occurrence Rate is:

Required
Sample A
Size  .01% .05% _.1% _.2% _.3% _.5% @ 2%
The Probability of Discovering at Least One
Occurrence in the Sample is:

50 2% 5% 9% 14% 22% 3% 64%

60 1% 3 6 11 16 26 5 70

70 1 3 7 13 19 30 5 76

80 1l 4 8 15 21 33 5 80

90 1 4 9 16 24 36 84

100 1l 5 10 18 26 39 87
120 1l 6 11 21 30 45 7 91

140 1l 7 13 24 34 50 7 94
160 2 8 15 27 38 55 96

200 2 10 18 33 45 63 817 98

2 11 21 38 51 70 99
cé§~ Je——14 26 +—45+——59——78+——09)® 99+
3 3 16 29 49 64 82 97 99+
400 4 18 33 55 70 87 98 99+
460 5 21 37 60 75 90 99 99+
500 5 22 39 63 78 92 99 99+
600 6 26 45 70 84 95 99+ 99+
700 7 30 50 75 88 97 99+ 29+
800 8 33 55 80 91 98 99+ 99+
900 9 36 59 83 93 99 99+ 99+
1,000 10 39 63 86 95 99 99+ 99+
1,500 14 53 78 95 99 99+ 99+ 99+
2,000 18 63 86 98 99+ 99+ 99+ 99+
2,500 22 71 92 99 99+ 99+ 99+ 99+
3,000 26 78 95 99+ 99+ 99+ 99+ 99+

Note: 99+ indicates a probability of 99.5% or greater.
Probabilities in these tables are rounded to the nearest

1%.

Sheet 2 of 2
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WORKSHEET 7

MODERN PRODUCERS

Modern Producers, a fast-growing electronics manufacturer,

has approximately 2,000 hourly employees who are paid weekly
by check from a payroll imprest fund. 1In addition to testing
payroll transactions throughout the year, the auditor has
decided to test the current payroll period for the genuineness
of the employees listed, because of the many additions to the
work force since last year. Names will be selected from the
payroll journal at random.

In this particular engagement, the auditor feels that ten or more
fictitious or unauthorized employees at any one time would be
detected by the system itself.

As a test of his belief, and taking into consideration his other
payroll procedures and his review of pertinent internal control
procedures, the auditor has specified a 90% probability that his
sample will include an example of a fictitious or unauthorized

employee if there are .5% (10 + 2000) in the population.

1. Population Size

2. Probability of discovery

3. Critical Occurrence Rate

4., Sample Size

5. Number of Sample Occurrences




WORKSHEET 8

SUBURBAN SUPPLY

In testing the 12,000 receivable balances under $500.00 at
Suburban Supply, the auditor elects to use attribute estimation
sampling to determine a maximum percentage of balances which
might be in error. From his experience with the firm, he
anticipates about 3% of the balances could contain non-critical
errors and desires 95% reliability that the actual frequency of
such errors does not exceed 5%.

He also decides that, when examining the sample item, he will
keep separate note of any errors which might suggest misappropria-
tion of funds or other irregularities. Based upon considerations
of materiality, he would limit the scope of his other work if he
could determine that no more than 1% of the accounts had such
irregularities at 95% reliability.

1. 1. Desired upper precision limit

(non-critical errors)

2. Anticipated occurrence rate

(non-critical errors)

3. Reliability

4. Sample size

5. Number of non-critical errors in sample

6. Number of critical errors in sample

7. Achieved upper precision limit

(non-critical errors)

8. Achieved upper precision limit

(critical errors) at 1% reliability

9. Achieved upper precision limit

(critical errors) at .5% reliability

S=40



WORKSHEET 9

PROBLEM: Given: n = 160
p = .01
N is over 10,000
Determine: P
where: n = sample size desired
p = specified true population rate of
occurrence
P = probability of including at least one
occurence in sampole
Q =1 — P = probability of including O
occurences in sample
Formulae: log Q = n log (1 — p)
P=1—29Q
Line Item Reference Compute Value
(A7) l—p Specified p 1.00 — p
(B) log (1 — p) Log tables log (A)
(C) n Specified -
(D) n log (1 — p) -- (B) x (C)
-1 *
(E) Q Log tables log "~ (D)
(F) P l1—209 1 — (E)

* -
The notation, log lD, indicates the real number for which the
logarithm is D.
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SUMMARY OF VOLUME 2/4

Chapter 1

1. Estimation sampling for attributes involves estimating the
frequency of occurrence of a specified characteristic in a given
body of data (population). This population occurrence rate is

estimated by the sample occurrence rate.

2. The sample estimate is evaluated in terms of its precision

and reliability. The auditor may choose to determine either a
precision interval or only the upper precision limit. In either
case, the determination is made at a reliability level specified
by the auditor.

3. The auditor will choose to calculate a precision interval when
his objective is the estimation of the population occurrence rate.
When he wishes to decide whether the population occurrence rate
exceeds some prescribed limit, he will choose to calculate the

upper precision limit only.

Chapter 2

1. Tables permit the auditor to determine a sample size required to
achieve a desired upper precision limit at a specified reliability
level.

2. To use the tables, the auditor is required to anticipate the

sample occurrence rate. This rate will often be based on his previous

experience.

3. By specifying the anticipated sample occurrence rate, the desired
upper precision limit, and the reliability level, the appropriate

sample size can be determined from the tables.
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Chapter 3

1. Tables are also used to evaluate the sample results. Those

in this volume are exact if the sample is selected with replacement.
When sampling without replacement, the tables provide a very good
approximation when the sampling fraction (%) does not exceed 5 to 10%.
If this is not the case, the tables will yield a conservative evalua-
tion; that is, the actual upper precision limit will be lower than
the achieved limit the table indicates.

2. The evaluation tables for estimation sampling for attributes

are based on the use of unrestricted random sampling. Furthermore,
it is important to carefully identify the sampling unit which either
does or does not possess the characteristic. If, for example, the
sampling unit is an invoice, then multiple occurrences of a
particular error type on a single invoice constitute only a single
occurrence of the designated attribute for the sampling unit.

3. To use the evaluation tables, the auditor specifies the
reliability, the sample size, and the observed number of sample
occurrences. He then reads the achieved upper precision limit.

4. 1In using this sample evaluation for decision purposes, he can
conclude that the population occurrence rate is no larger than the
achieved upper precision limit. The auditor's risk of being
incorrect in this decision is equal to the complement of the

reliability.
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Chapter 4

1. When the auditor needs to determine a precision interval, he
must determine a lower precision limit in addition to the upper
precision limit. If each of these limits is determined for a
one-sided reliability Rl%' the reliability of the interval is R%

= 2Rl% - 100%.

2. Since the distance from the sample occurrence rate to the
upper precision limit is larger than the distance from the sample
occurrence rate to the lower precision limit, the auditor uses the
same tables to determine the appropriate sample size for a desired
precision interval as he uses for a desired upper precision limit.
In doing so, he must convert from the stated one-sided reliability

to the appropriate interval reliability.

Chapter 5

1. While discovery sampling is a type of attribute sampling, the
objective is not one of estimation of an occurrence rate. Rather,
the basic objective of discovery sampling is to provide a sample
size large enough that we have a prescribed chance of seeing at
least one example of some designated attribute, whenever the
population occurrence rate equals or exceeds some prescribed
critical level.

2. This type of sampling is used when the auditor has reason to
believe that the population occurrence rate is quite small, but
nevertheless wants the sample to be large enough so that when the
occurrence rate equals or exceeds some critical rate he will
observe at least one occurrence in the sample with some specified

probability.
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3. Regardless of the objective in determining the sample size,
the auditor may evaluate the results of a discovery sample in
exactly the same manner as in any estimation sample for attributes,
provided he does not stop examining the sample items as soon as

he finds one occurrence. Thus, if he examines each item in the
sample, he can establish the upper precision limit at a specified
reliability level based on the number of occurrences observed in
the sample. If he does stop, no further statistical evaluation

is possible.

Chapter 6

1. The appropriate sample size required to achieve the auditor's
objective in discovery sampling is determined from tables. These
tables are quite similar to those introduced in Chapter 2.

However, to increase the accuracy of the approximations, the effect
of the population size is considered in these tables.

2. In order to use these tables, the auditor must specify the
population size, the critical occurrence rate, and the desired
probability of discovery. The critical occurrence rate is defined
as that population rate for which he desires the specified
probability of seeing at least one occurrence in the sample. If
the population occurrence rate is below the specified critical
occurrence rate, the actual probability of an occurrence in the
sample will be smaller than the specified probability. Conversely,
if the population occurrence rate exceeds the critical occurrence
rate, the actual probability of an occurrence in the sample will

be higher than the specified probability.
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Chapter 7

1. Since the objective of discovery sampling is to find at

least one occurrence when the population occurrence rate equals

or exceeds the critical rate of occurrence, the auditor may
legitimately decide to cease examining the sample after the first
sample occurrence is found.

2. On the other hand, the auditor has the option of evaluating
the sample results in the same manner as he would any estimation
sample for attributes. Thus, if he completes the examination of
each item in the sample, he can calculate the achieved upper
precision limit at a desired reliability level.

3. In case the auditor observes no occurrences in the sample, the
achieved upper precision limit will coincide with the critical rate
of occurrence when the reliability is set equal to the specified

probability of discovery.

Chapter 8

1. In many applications auditors are interested in several
attributes. 1In these circumstances each attribute is treated sep-
arately, and for some the objective will be estimation while for
others the objective will be discovery.

2. The choice of objective is determined both by the anticipated
rate of occurrence of the attribute and by the effect any observed
occurrences would have on the planned audit program. The discovery
objective is chosen when the auditor does not anticipate seeing

any occurrences and when observing an occurrence would cause him

to alter the audit program.



3. When different sample sizes are required for the different

objectives, the auditor may use the largest sample size for any of
the objectives. If the auditor decides to limit the sample size
to the number required for each objective, he must make sure that

he obtains an unrestricted random sample for each objective.
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