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APPENDIX I

"RANDOM SYSTEMATIC"
SAMPLING

l. In pure random sampling, the selection

of each sample element is independent of the
selection of any other element and each ele-
ment always has an equal chance of selection.
Systematic samples, however, are typically
drawn by selecting elements at equal intervals
throughout the population. For example, in a
systematic sampling plan which called for
selecting every 43rd element and the first
element drawn is the fourth record, we would
draw the 4th, 47th, 90th records, etc. Which
two records would follow number 90 in our
sample? and

14. To select intervals at random which will
have an average equal to our calculated average
interval, we select random numbers between 1
and 2 times the average interval. Thus, for

a séﬁple of 200 elements from a population of
8000, we would select random numbers between

1l and 2 times 40. The minimum interval sel-
ected would be 1 and the maximum would be

Note: This procedure is based upon sampling

without replacement. If the sample were drawn

with replacement, the selection of numbers
would be between 0 and 2 times the average
interval.

27. Determine which population elements
should be the fifth, sixth, and seventh sample
elements. Enter your answers in lines 5, 6,
and 7 of Worksheet 5, Sheet 3.




ta

133 (90 + 43)

176 (133 + 43)

2. The value, i, which determines the inter-
val between sample elements was 43 in our
previous example. This value is usually es-
tablished by dividing the population size by
the size of the sample to be drawn. If a
sample of 250 items is to be selected from a
population of 10,000 records, what is the
value of the interval, i?

i

80

15. For each of the following examples,
determine the average interval (N-+ n)
and the maximum interval (2 x average interval)

N n Average Maximum
1. 10,000 100 100 200

2. 5,000 100

3. 6,000 300

5.

6.

7.

177 (123 + 54)
196 (177 + 19)

247 (196 + 51)

28. The auditor completes his sample by
drawing successive two digit numbers equal

to or less than 80, until he has gone through
the entire population. On Worksheet 5, Sheet
3, the last record shown would be element
number 21 in the sample which is element
number 822 in the population. Would this be
part of the sample? (YES/NO) Why?




40 (10,000= 250)

3. Determine the value of the interval, i,
for the population sizes, N, and corresponding
sample sizes, n, shown below.

N n N-n
100 5
1000 100

Average Maximum

2. 50 100

3. 20 40

16. Turn to Worksheet 5 (Page S-30). For
the problem of the Western Business School,
calculate the average and maximum intervals.

Average

Maximum

NO. No 822nd element
exists.

29. There will be occasions when the auditor
will find slightly more or slightly fewer
sample elements within the confines of the
population than his sample requires. In these
cases, he will either add or eliminate, by
random selection, the appropriate number of
sample elements so that his final sample is
consistent with the pre-determined sample
size.

(No answer required)




4. When the interval, i, has been determined,
the first element (starting point) is generally
selected at random. For an interval of 40 and
20 starting point of 13 the first 5 elements of
10 the sample would be as follows:

1) 13
2) 53
3) 93
4)
5)

40 (800-20) 17. As in conventional random sampling, the
auditor must establish correspondence. Thus,
80 (2 x 40) he calls the first voucher 001 and the 800th
voucher 800. The second voucher in the popu-
lation would be .

No answer required 30. On Worksheet 6, Sheet 1 (Page S-33).

we will select the first 10 sample elements
by random systematic sampling. First calcu-
late the average and maximum intervals for the
sample size, 30, and the population size, 900.

Average

Maximum




133

173

5. Systematic sampling is often less time
consuming than pure random sampling. However,
systematic sampling is equivalent to random
sampling only when the population is in
random sequence with respect to the charac-
teristic being sampled. 1In a random sample,
every element in the population must have an
equal chance of being selected in the sample.
Thus, in a population of 8,000 vouchers, each
voucher has 1 chance in of being
selected each time a sample element is drawn.

002

18. Next, the auditor must determine a route
and random starting point following the pro-
cedure used in Volume I. With a blind stab,
he will select one random number, of which
the first three digits will represent the row,
the fourth digit will represent the column,
and the fifth digit will determine the
starting digit within the column.

(No answer required)

Average

Max imum

30

60

31. Beginning in line 166, Column 4, of the
random number table reproduced as Worksheet 6,
Sheet 2, select the last two digits of the
random numbers as the intervals. Thus, the

first record selected would be which
occurs at the starting point 14549.




8,000

6. If a sample of 200 elements is drawn from
a population of 8000, each element in the
population initially has a total of

chance(s) in 8000 of being selected at some
point in the sample and chance(s) in
8000 of being selected as each element is
drawn.

No answer required

19. The auditor's blind stab strikes the
random number 1018l1. Therefore, his starting
point will be row 101, Column 8, and he will
use the first two digits of the random numbers
along his route. The sheet on which this ran-
dom number appears has been reproduced as Sheet
2 of Worksheet 5. The random number at this
location is .

49

32. The next three intervals would be .
, and from the random numbers 16043,
30518, and 15339.




200 7. In a systematic sample, each element
initially has the same chance of being

1 selected. However, once the interval is
calculated and the first item selected, the
chances of selection for all remaining ele-~
ments are immediately established. Thus,

in a sample of 200 elements from a population
of 8000, each element initially has

chances in 8000 of being selected.

22878 20. The auditor has decided his route will
be to proceed down the column from the
starting point to the bottom of the column
and begin again at the top of the next
column on the right.

(No answer required)

43 33. For each sample element shown below,
calculate the corresponding population
18 element.

39 Sample Population
2.

3.
4.




200

8. When the first of the 200 elements has
been selected, the chances of all the elements
to be selected are established. For an
interval of 40 and a starting poing of 10,
indicate with a "W" those elements which

will be selected and, with an "N," those
elements which will not be selected.

20
50
177

No answer required

21. Using the first two digits of each
random number on his route, the first sample
element will correspond to the first such
two digit number he encounters between 0 and
80. The first such two digit number is

and occurs at his starting point 22878. He
would, therefore, select the
voucher in the population as his first sample
element.

(49 + 43)
(92 + 18)

(110 + 39)

34. Complete the table for sample elements
4 through 10.




9. Through the use of a "Random Systematic"
sample, the conveniences of systematic sample
selection are retained, while a condition

more closely approximating random selection is
introduced. By the name, you would conclude
that a random systematic sample is not complete
ly random, nor completely , but same
combination of the two approaches.

N 20
W 50
N 177
22

twenty-second

22. Proceeding along his route, he will then
select the first two digits of all random
numbers where those first two digits are less
than or equal to his maximum interval which is
. Thus, his average interval will

be approximately .

Your answer appears on
Worksheet 6, Sheet 3.

35. In selecting our sample, we divided

the population size by the required sample
size. Does this mean that the population
size must be known to determine the required
sample size in attribute sampling?

a. YES (Go to Frame 36)

b. NO (Go to Frame 37)




systematic

10. In systematic sampling, a uniform
interval is established between all elements
of the population to be selected whereas
random systematic sampling utilizes a random

interval. For our example of 200 elements

systematically drawn from a population of 8000,
we used a interval of 40 between
sample elements. In a random systematic
sample, we would use a interval.

80

40

23. As each interval is selected, he will
enter the interval on Sheet 3 of Worksheet
5 as shown. The next three two-digit numbers
less than or equal to 80 along his route are:

17 (17564)
57 (57484)
— (27186)

36. Your answer: a. YES

Incorrect. The sample size as we saw earlier
is unaffected by population size for the
tables used in this book. The fact that this
procedure requires that population size must
be known to draw the individual sample ele-
ments does not imply that population size is
a factor in determination of sample size.




uniform

random

11. To draw a random systematic sample of

200 elements from a population of 8000, the
interval between sample elements would be
random. However, since we will be drawing

one out of every 40 elements in the population,
the average size of the interval must be
approximately .

24. Why did he bypass the first two digits
of the random number, 832872

37. Your answer: Db. NO

Correct. Sample size is determined without
the use of population size. The only factors
required to select the correct sample size

are the specified reliability, estimated
occurrence rate, and specified upper precision
limit.




40

12. Just as the interval in systematic
sampling was calculated by dividing N,

the population size, by n, the sample size,
the average interval in random systematic
sampling is calculated by dividing N by n.
Thus, for a sample of 200 elements in a
population of 8000, the interval
would be approximately 40.

The first two digits,
83, comprise a number
greater than 80, his

maximum interval.

25. The auditor has now established 17 as
the interval between the first and second
elements in his sample. Since the 22nd
element in his population is the first drawn
for his sample, the second element in his
sample will be the 39th (22 + 17) element

in the population. The third sample element
will be the 96th (39 + 57) element in his
population. The fourth sample element will
be the rd population element.




average

13. In a random systematic sample, the
interval between elements of the population
selected for the sample is (RANDOM/UNIFORM) .

123

26. The last interval we selected was 27
(from 27186). Select the next three inter-
vals. Enter your answers in lines 5, 6, and
7 of Worksheet 5, Sheet 3.




RANDOM NOW TURN BACK TO PAGE S-1 AND BEGIN THE

SECOND ROW.

5. éﬂ NOW TURN BACK TO PAGE S—1 AND BEGIN THE
THIRD ROW.

6. 19

7 51
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WORKSHEET 2

ABC LOAN COMPANY

In the annual audit of the ABC Loan Company, the auditor must
verify the accuracy of the company's records of its 20,000
outstanding loan balances. The auditor decides to select a
statistical sample that will give him 95% confidence that not
more than 3% of the balances are in error. He estimates from
his previous experience with the firm that about one percent
of the balances are in error.

1. Estimated error rate

2. Specified upper precision limit

3. Confidence (Reliability) level

4. Required sample size

5. Number of occurrences in sample

6. Actual upper precision limit
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WORKSHEET 4

MAJOR EASTERN UTILITY

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

to determine with 90% confidence that the percentage of
disbursement vouchers which have not been signed by an authorized
individual does not exceed 5%. He estimates, from his experience
with the organization, that about 2% of the vouchers are not

thus signed.

1. Estimated occurrence rate

2. Specified upper precision limit

3. Reliability (Confidence) level

4. Required sample size

5. Number of occurrences in sample

6. Actual upper precision limit




WORKSHEET 5

WESTERN BUSINESS SCHOOL

In the course of an audit of the disbursement vouchers at the
Western Business School, the auditor must select a sample of
20 disbursement vouchers from a total of 800 vouchers. He
elects to use random systematic sampling.
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WORKSHEET 5

WESTERN BUSINESS SCHOOL (cont.)

Sample Population
Element Interval Element
1 22
2 17 39
3 57 96
4 27 123
5 - -
6 S -——
7 - -
8 39 286
9 59 345
10 20 365
11 52 417
12 3 420
13 35 455
14 30 485
15 55 540
16 20 560
17 32 592
18 63 655
19 80 735
20 44 779
21 43 822
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WORKSHEET 6

Sample Population
Element Interval Element

l -

10
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Sample Population
Element Interval Element
1 - 49
2 43 92
3 18 110
4 39 149
5 30 179
6 11 190
7 54 244
8 35 279
9 30 309
10 12 321
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SUMMARY OF VOLUME TWO

Chapter I

Sampling for attributes generally involves determining the
frequency at which a specific characteristic occurs in a
given body of data. This frequency is described as the
occurrence rate. A typical attribute sampling plan might

involve the determination of the rate of errors in invoices,
percentage of accounts receivable more than 90 days overdue,
or some similar characteristic.

Statistical sampling techniques permit the auditor to examine
a relatively small percentage of the items in a population,
and based upon his sample findings, draw certain conclusions
concerning the population. This conclusion can be expressed
with a specified degree of reliability and a qguantitative
definition of the precision of his estimate.

Generally, in an attribute sampling program, an auditor seeks

to determine that the rate of occurrence of a certain charac-

teristic does not exceed some specified rate. Therefore, his

sampling program usually defines the criteria in terms of

this upper precision limit as well as the desired reliability.
For example, a typical sampling program might be to determine,
with 95% confidence, that a group of invoices does not contain
more than 2% of invoices which are in error.

Chapter II

Once the sampling program has been defined, the auditor's next
step is to determine the appropriate sample size. Tables are
provided to permit rapid selection of the sample size based on
the specifications of the sampling program.

The tables for sample size determination are several, each of
which corresponds to a different value of reliability. Thus,
the appropriate table is determined by the reliability specified
in the sampling plan.

Each of the tables for determination of sample size consists
of estimated sample occurrence rates arranged in lines corres-
ponding to various values of sample size.



To use the tables for sample size determination, the auditor
must know the reliability, an estimated occurrence rate, and

his upper precision limit. The upper precision limit and
reliability are specified in his sampling plan and the estimated
occurrence rate is generally available to him from experience
with the records under examination.

On the table corresponding to his specified reliability, the
auditor then enters the column corresponding to his specified
upper precision limit and proceeds down the column until he
reaches his estimated occurrence rate or the next higher value
which does appear on the table. He then notes the line in
which this value appears. This is his required sample size.

The auditor will notice that his required sample size is
affected by three factors: reliability, upper precision limit,
and estimated occurrence rate. The effect of each of these
factors can be analyzed by varying one factor, while holding
the remaining two factors constant. Thus, it can be shown that
increasing the reliability increases the required sample size.
Similarly, as the estimated occurrence rate increases, the
required sample size increases. However, increasing the upper
precision limit decreases the required sample size.

The tables used in this volume assume random sampling with
replacement. In those instances where the sample must be
drawn without replacement, the tables may still be used, but
the results thus obtained will be more conservative than those
which would have been obtained under sampling with replacement.

Chapter III

After drawing his sample, the auditor simply counts the number
of times the characteristic occurs and refers to the tables
for evaluation of sample results.

The tables for evaluation of sample results are similar to
those for determination of sample size, with one important
exception. The tables consist of several individual tables,
each corresponding to a different value of reliability. The
column headings correspond to varying values of upper precision
limit and the line headings correspond to varying values of
sample size. However, the numbers appearing in the body of

the table correspond to various values of number of occurrences




in the sample, unlike the tables for determination of sample
size, where the numbers in the body of the table referred to
various values of estimated occurrence rate.

To evaluate his sample result, the auditor first selects the
appropriate table for his specified reliability. Entering

the table at the line corresponding to his sample size, he
proceeds along that line until he reaches the number of
occurrences he discovered in his sample or, if that number

does not appear, the next higher value. He then notes the
column in which the number appears, that column being his upper
precision limit. If that value of upper precision limit is
less than the value established in his sampling objectives,

the criteria have been satisfied.

The relationships among sample size, number of occurrences,
reliability, and upper precision limit in evaluation of results
are analogous to those in determination of sample size. By
holding any one of the three factors, number of occurrences,
reliability, and sample size constant while varying the other
two, the resultant effect on upper precision limit can be
measured.

As the number of occurrences increases, the upper precision
limit increases. Similarly, an increase in the specified
reliability will increase the upper precision limit. As thé
sample size increases, the upper precision limit decreases.

An increase in sample size narrows the difference between
upper precision limit and frequency of sample occurrences.
Thus, increasing the sample size, while holding the frequency
of sample occurrences constant, can produce a lower value of
upper precision limit.

In Chapter II, it was mentioned that an auditor generally is
in a position to estimate his sample occurrence rate. However,
this is not always the case. Where the auditor can make no
reasonable estimate of this rate, it is suggested that he draw
a preliminary random sample of 50 items. The results of this
sample should be evaluated and if the upper precision limit is

less than the specified value, the criteria of the sampling

plan should be considered satisfied. If the upper precision
limit exceeds the specified value, then an estimated occurrence
rate should be calculated by dividing the number of occurrences
found by the sample size, 50. With this estimated occurrence
rate, the required sample size should be determined and an
additional sample drawn to reach the determined number.
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