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3.4.1 Selection Method 

For the purpose of this paper, sample selection is done using a form of 

systematic selection with unequal probability. The method is started by 

cumulating the recorded monetary amounts on each unit of the population 

i .e. YI, Y2, ... YN and assign them the ranges 1 to VI, Y\+ 1 to YI + Y2, V.+ Y2 + 

1 to Yl+ Y2+ Y3, and so on. Then a random sample of size n is selected. To 

do this we first draw a random number between 1 and k =Y In, Y being the 

total monetary amount. The units in the sample are those in whose range 

lie the ra ndom number i and all other numbers i+k, i+2k, i+3k, and so on 

are obtained by adding k successively to i till the total sum is reached. Any 

unit whose measure of size greater than or equal to Y / n, it is definitely 

included in the sample. 

The probability that any unit Vi is included in the sample 15 obviously 

(Y;/ (Y/n)) (see Raj , 1979). 

3.4.2 Determining the Sample Size 

The formula for determining sample size required to achieve a desired 

precision at a specified reliability is given by, (see Roberts, 1978). 

y' Z' S' % , 
/I " i with 

t(x'l' I (t x'l' 
"', '" /_ 1 y, n / . 1 y, 
0 . n - I 

A is the planned Accepted Precision (used earlier). 
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When the population error rate is expected be " to as high as 10 percent or 

more, the appropriate PPMS estimate of the total d" d "" au Ite amount IS given 

by: 

, (1 . X J X PPMS=Y -L- ' 
n i _I Y

1 

XI the ith unit of sample audited amount. 

Y I the jth unit of sample recorded amount. 

It can be shown that the total difference can be estimated as follows: 

, 
D"m = X ,.pus - Y 

The achieved precision for the estimate of the total audited amount is given 

by: 

A f'f'.lfS 

where Sp is as given above, Y is the total recorded value a nd n the sample 

size determined above. 

3.5 Summary of the Foregoing Discussion 

The a pplication of any statistical sampling techniques in auditing commonly 

involve three phases, namely planning. execution, and evaluation. In this 

cha pter three unstratified variable sampling methods and three s tratifi ed 

varia ble sampling methods from equal probability sampling, and one from 
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unequal probability sampling methods are discussed theoretical ly. In 

addition to these, concepts relevant to auditing in relation to monetary 

amounts of transaction items like the risk fac tors, ma teriality or tolerable 

misstatement was also incorporated. The study commenced with these 

concepts in mind. 

The planning aspect is common in auditing. It includes specifying the 

amount of monetary misstatement that can be tolerated, the risks involved, 

the planned precision, the determination of sample size, the number of 

strata, location of stratum boundaries, and the allocation of the sample to 

the strata. 

Some theoretical results particular to audit sampling developed based on 

the nature of an accounting population were also taken from publications. 

These usually have to do with the error distribution in an accounting 

population. According to such theoretical results the study population for 

this paper can be considered as a high error rate population, (see Guy, 

1994). 
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CHAPTER FOUR 

Data Analysis a n d Result 

In a situation requiring the projection of a total audited amount 

accounting estimation is the appropriate tool to use. By using the point 

estimate of the sample a projection can be made of the estimated 

population value. The estimated population value plus and minus 

calculated precision is expected to contain the true but unknown value at 

a defined pre specified reliability level. 

To compare the efficiency of the point estimators used in statistical 

sampling, the expenditure data of 672 transaction items were considered. 

The following summary result was obtained for the population : 

TABLE I 

Description Recorded Audted Error 
Amount in Amount in Amount 

Birr Birr in Birr 
Total Sum 2479079.59 2457708. 17 21371.42 
Average 3689.24 3657.30 31.80 
St.Deviation 1851.24 1858.53 234.38 

C.V. 0.50 0.51 7.37 

Skewness 0 .54 0 .54 15.64 

Min.Value 248.95 248.95 0.00 

Max. Value 10133.25 10133.25 5000.00 

4.1 Unstratified Random Sam ple 

The unstratified random sampling is appropriate when a book value for 

each population item is not available or when lhe recorded lOtal of the 

book value is not accurate. The sample design cons idered here were 

. 1 d sampling Then the unstra tified mean per unit estimation, s imp e ran om . 
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difference estimation and ratio estimation were considered with their 

corresponding point esu· d h · . . . mate an ac leved precIsion. To compute Lhe 

sample size a 5 percent materiality level of the total recorded monetary 

amount was taken. The planned precision considered was obtained by 

using a beta risk of 33 percent and an associated alpha risk of one minus 

reliability where reliability was considered to be 95 percent. The 

computation is summarized as follows: 

Total mon etary Amount 

Materiality 

Planned precision, A 

2,479,079 .59 

Correlation between recorded and audited 

123,953.98 

101,229.08 

0.992012 

672 N 

Sample size, 
N'Z~S; 

n= A'+NZ~S: , 
= 3 11.36 z ill 

A random sample of 3 12 transactions was selected and after fmdin g the 

point estimate for the total audited amount with its corresponding 95 

percent reliability level for the precision we have the following results given 

in tables 2 -4. 

TABLE Z 

Unstratified Mean Per Unit result filrures in Birr 

Description Total Recorded Estimated Difference Precision 
Amount Audited Amount 

Sample! 2479079.59 2480083.20 1003.6 1 100924.62 

Samp1e2 2479079.59 2457336.00 -21743.59 107923.50 

Samp1e3 2479079.59 2455467.80 -236 11.79 100625.77 

Samp1e4 2479079.59 25 11169.90 32090.3 1 102 148.95 

SampleS 2479079.59 2485479.40 6399.8 1 101078 .86 

Samp1e6 2479079.59 2497373.80 18294 .21 101936.86 

Samp1e7 2479079.59 2400444 .50 -78635.09 102110.38 

Samp1e8 2479079.59 2457430. 10 -2 1649.49 97376.98 

Samp1e9 2479079.59 25 12473.60 33394 .0 1 104077.01 

Sample 10 2479079.59 2462665.00 - 164 14.59 99497.86 
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TAIl! t' J .. 

.. Unstratified Difference Result/ fi 
DescnptlOn Total Recorded Es timated Audited 

res in Birr/ 
Diffe rence Precision 

Amount Amount 
Samole l 2479079.59 2453739.22 -25340.37 16465.99 
Samole2 2479079 .59 2454830 .99 -24248 .60 16670.95 
Samole3 2479079.59 2449099 .98 -29979 .6 1 17337.82 
Sample4 2479079.59 2446932 .64 -32 146.95 17967.46 
SampleS 2479079.59 2467449 .92 -11 629.67 5434 .26 
Samole6 2479079.59 2459884 .68 -19 194.9 1 72 16 .05 
Sample7 2479079.59 2452418 . 16 -2666 1.43 168 13 .6 7 
Sample8 2479079.59 2460367 .68 -18711.9 1 7856.87 
Sample9 2479079.59 2451489 .10 -27590.49 17374.11 
Sample 10 2479079.59 2448702.82 -30376. 77 17862 . 12 

TARLE4 

Unstratified Ratio Result jfigures in Birr/ 
Descri plion Total Recorded Estimated Difference Precis ion 

Amount Audited Amount 
Sam ole I 2479079 .59 2450005.70 -29073.89 16925.61 
Samp1e2 2479079.59 2454855.30 -24224.29 16669 . 10 
Samp1e3 2479079.59 2449181.40 -29898. 19 17296. 19 
Samp1e4 2479079.59 2447744 .50 -31335.09 17936 .39 
Samole5 2479079.59 2467534 .00 -11545.59 5421.74 
Sample6 2479079.59 2460170.40 -18909 . 19 7257 .73 
Sample7 2479079 .59 2451847. 20 -27232 .39 16797 .36 
Sa mple8 2479079.59 2460328. 10 -18751.49 7893.01 
Sample9 2479079 .59 2452 151.30 -26928.29 17384 .07 
SamolelO 2479079 .59 2448872 .80 -30206.79 17832.69 

In unstratified mean per unit a large sample size relative to other designs 

resulted. The true audited amount Birr 2,457 ,708. 17 is estimated with a 

corresponding achieved precision. But the figures obtained for precis ion 

are very large, and some of them exceed the planned precision but the 

point estimates for the total audited amount are fair. Also see append ices 

1- 1 and 1-2. In table 2 five of the e rrors are overstatements i.e. al l 

recorded values exceed the true values . where in table 3 and table 4 all 

differences depict overstatements, while the rest show unders tatement. 
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The precisions obtained due t · 0 · o unstratJ.lled d ifference and ralio estimators 

are almost equivalent. The point estimates for both a re closer to the LrUe 

audited value. The errors are all overstatement errors and comply with the 

actual result. This is due to a high correla tion between the population 

recorded and audited amounts. 

4 .2 Stratified Random Sample 

Stratified sampling is applied when the population elements vary in 

a mount. It is efficient if variation among strata is high and variation 

within a stratum is small. Using the sample data for reliability and 

precision as in the unstratified case the stratified sample size determined 

was: 

L ' Z' Y [ N, a Yh 
,.;' h=l h Y n= Ii 

I 1 f. 1 

A + Z"h L.N~ cr r1o .. , 
The results of the analysis are presented in tables 5-7 below. 

TABLE 5 

Stratified Mean Per Unit Result In rures in Birrl 
Description Total Recorded Estimated Difference Precision 

Amount Audited Amount 
Sample 1 2479079.59 2498945.30 19865.71 88022 .75 

Sample2 2479079.59 2466570.00 · 12509.59 94960.39 

Samole3 2479079.59 2403257.60 ·75821.99 121084 .96 

Samole4 2479079 .59 233 1291.30 ·147788.29 76572 .02 

SampleS 2479079 .59 24507 17.70 ·2836 1.89 85727.36 

Sample6 2479079.59 2452359 .10 -26720.49 98389.89 

Sample7 2479079.59 2464691 .60 - 14387.99 109624 .84 

Sample8 2479079 .59 2449 161. IO ·299 18.49 134221.08 

Samole9 2479079.59 2534837.50 55757.91 94174 .74 

SamolelO 2479079. 59 250745 1.80 28372.21 89039. 18 
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TABLE 6 

Description 
Stratified Difference Result JI1a:ures in Birr l 

Total Recorded Estimated Difference Precision 
Amount Audited Amount 

Sample 1 2479079.59 2477346.69 - 1732.90 2689.86 
Sample2 2479079.59 2469274 .94 -9804 .65 13776.55 
Sample3 2479079.59 2475697.59 -3382.00 6245.41 
Samole4 2479079.59 2464975.75 - 14103.84 17629.22 
Sample5 2479079 .59 2460504 .99 - 18574.60 18986.90 
Sample6 2479079.59 2462574. 16 -16505.43 24013.35 
Sample7 2479079.59 2449111.75 -29967.84 32626.74 
Sample8 2479079 .59 2452769.95 -26309 .64 26158.2 1 
Samole9 2479079.59 2464863.13 -14216.46 21972 .95 
Sample 10 2479079.59 2473002.89 -6076.70 7790.05 

TABLE 7 

Stratified Ratio Result/fil!Ures in Birr I 
Description Total Recorded Estimated Difference Precision 

Amount Audited Amount 
Sample 1 2479079.59 2477362.10 -17 17.49 2795.07 
Sample2 2479079.59 2469257.00 -9822.59 14377.12 
Sample3 2479079.59 2475595.80 -3483.79 6520.2 1 
Samole4 2479079.59 2464417.12 -14662.47 17393.43 
Sample5 2479079.59 2460376.20 -18703.39 5230.78 
Sample6 2479079.59 2462505.90 -16573.69 25952 .87 
Sample7 2479079 .59 2449299.30 -29780.29 34000.53 
Sample8 2479079 .59 2455868.10 -23211.49 28250 .07 
Samole9 2479079.59 2465253.40 -13826.19 23123 .04 
Sample 10 2479079.59 2473086.20 -5993.39 8024 .35 

The point estimate for the total audited amount is far from the true result 

in about four of the cases. The total difference is not also a good estimate 

of the true error amount. The achieved precision exceed the planned 

precision in three of the samples for stratified mean per unit sampling. 

This calls for the amendment of the sampling plan. In the case of the 

difference and ratio estimators, Ihe point estimate for the tOtal audited 

amount is not closer to the true amount. The precision obtained is not as 

such satisfactory since in some of the cases it is very small. The error part 
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is not also good in about four of the cases. See appendices 2 - 1 and 2-2. 

When there are no errors or when the recorded and audited amoums 

agree in both the stratified and unstratified case, the difference and the 

ratio estimators do not give a result different from those obtained by the 

mean per unit estimators. Their computational formula also reveals this 

fact. From the stratified sample analysis, these estimators are not also 

efficient when only a few errors are realised in the sample, or when the 

population under audit is only of a low error rate. 

4.3 Sampling With Probability Proportional To Size 

The unequal probability sampling in auditing is applied for both small 
error and large error occurrences in the population . For this s tudy the 
large error rate population application is considered. The result of the data 
analysis is tabulated as follows. And the sample size computed was 46 
using the formula: 

n. Z~ Y' S:'45.6 ~46 
A' 

Table 8 gives the results of the analysis obtained from PPMS. 

TABLE 8 

Sampling Proportional to Monetary Size Result/ figures in Birr I 
Description Total Recorded Estimated Difference Precision 

Amount Audited Amount 
Sample1 2479079.59 242 1018.73 ·58060.86 95425.73 
Sample2 2479079 .59 2478335.59 -744 .00 1458.23 

Sample3 2479079.59 2383828.46 -95251.13 87999 .6 1 

Sample4 2479079.59 2466555.35 -12524 .24 17452 .27 
SampleS 2479079.59 2477740.68 - 1338.91 20 16 .69 

Sample6 2479079.59 2444582.35 -34497.24 40065 .34 

Sample7 2479079.59 2477015.74 -2063.85 2232 .22 

Sample8 2479079.59 247701 5.74 -2063 .85 2232.22 

Sample9 2479079.59 2461 52 1.52 - 17558.07 22020.85 

Sample 10 2479079.59 2465474 .22 - 13605.37 154790.79 
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On the average in this case the population audited amount estimate is 

better than the other designs . But the point estimate in each sample has 

some exaggerated differences. Even if the number of errors appeared in 

the sample are less, good estimate of the error or difference is obtained. 

See the appendices 1- 1, 1-2,2-1 and 2-2 . 
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CHAPTER FIVE 

Discussion and Recommendation 

The main objective of this paper is to describe a possible way to integrate 

statistical sampling into the audit planning process. One of the purposes 

of planning is to reduce the audit risk to a tolerable leveL 

Us ing statistical sampling contributes positively in the planning process 

by allowing the auditor to control one type of ris k - the sampling ris k that 

occurs when a sample of items from an audit population are observed 

in stead of all. Integrating statistical sampling into the audit planning 

process helps the auditor in his or her effort to control the sampling risk 

associated with developing a fair opinion on the financial statements. 

One way to achieve an integrated sampling plan is to establish a ma teria l 

a mount of monetary error for each account bala nce or class of 

transactions and consider the risk that all substantive tests taken 

together would fail to detect a material monetary error. 

The next stage of the planning process is the auditors' plan of detailed 

tests. Incorporating statistical sampling Lo the audit tests wi ll help to 

select an appropriate audit objective us ing statistical tools, like 

determining an optimum sample size, deciding an a ppropriate sampling 

unit a nd frame, and deciding the sample design and the corresponding 

selection method. The sample planning process is a tentative a udit 
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program in which first, it is based on the auditors' review and preliminary 

evaluation of the system of internal accounting control procedures and 

past audit results. Secondly. the tentative nature is that information from 

some of the planned substantive tests may cau se the auditor to revise the 

audit program. Consequently, the audit program actually followed may be 

different from the planned program. 

The variable sampling methods discussed in this paper are of two natures, 

equal probability and unequal probability approaches. Each design was 

evaluated from the point of view of stratification and without stratification. 

The result for unstratified sampling design, stratified sampling design a nd 

sampling with probabilities proportional to monetary size commonly called 

Monetary Unit Sampling in auditing were discussed. The auxiliary 

information estimators namely the difference and ratio estimators have 

also been considered. In each sampling design sample size was computed 

using the corresponding sample size formula provided that same planned 

error margin (planned precision) and same reliability level is atta ined . 

When an amount recorded is greater than the amount tha t should 

ac tually be it is said to be overstated . The auxiliary information estimators 

a nd the PPMS correctly show that the s tudy population has a n overstated 

recorded amount but for the mean per uni t case sometimes this fa ils. The 

result also shows that the point estimate of the audited value with its 

computed precision limit does not contain the true audited a moun t. This 

is mostly the case for the PPMS where some exaggerated amounts are 
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seen . In the case of the mean per unit the achieved precision exceed lhe 

planned precision for some of the samples. This may call for adju sting the 

sampling plan for these designs. 

Theoretically, in estimating the unknown population parameter the 

performance of all estimators is equivalent. The difference arises when we 

deal with the efficiency due to sample size. Checking only a comparatively 

smaller sample of units in the stratified and PPMS case will easily attain 

the result obtained by auditing a larger sample of transactions in the 

unstratified case. The result of this study shows that the auxiliary 

information estimators namely the difference and ratio estimators have 

almost similar results in estimating the total audited amount. See 

a ppendices 1-1 and 2- 1. 

The estimated total error or difference was satisfactory in the case of the 

unstratified difference and ratio estimators than the stratified one. This is 

in line with the theoretical result, that is stratification is effective when we 

have a heterogeneous population with highly varying values or where the 

coefficient of variation exceeds 70percent, (see GAO, 1992). 

On the average the PPMS estimator was the best in estima ting the total 

audited amount. It was also efficient because the sample size was smaller 

than even the stratified case. For the unstratified case the sample size is 

too large but on the average the point estimate for the total a udited 

d S the PPMS But the popula tion error amount was amount was as goo a . 
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effectively estimated using the dir~erenc d th . . d e an e rauo esumator un er 

this approach. See appendices I-I and 2-2. 

When there are no errors in the sample or the population is with a low 

error rate the difference and ratio estimators a re not efficient. Therefore , 

further study and researches are needed to improve the efficiency of these 

estimators under this condition by studying populations of different error 

rates. Such a study may help whenever an error free sample or a low error 

rate popUlation is to be audited. In the case of PPMS the estimation result 

obtained does not entirely depend on the number of errors found in the 

sample. 

Statistical audit sampling is not properly used in our country. Since this 

study was based on the objective of ascertaining whether the recorded 

monetary amount on the book of records of the client auditee 

organisation, it is not impractical to apply it in our country's audit 

condition since the audit objective is usually the same. The result of this 

study is encouraging that the use of statistical sampl.ing is much more 

advantageous whenever the audit of the whole accounting population 

becomes very tedious. Even if this is not the case proper u se of statistical 

sampling has great advantage to save time and minimise cost. Therefore, 

it is recommended that audit organisations in the country, private 

auditors and/or governmental auditors , use statistical sampling in their 

audit work. 
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To overcome the computational inconvenience by using electronic media 

a pplications. it is advisable to develop sampling a pplication sortware in the 

future s tudies. They help to overcome manual sample selection, evaluation 

and related computational difficulties for auditors. Their application in 

statistical sampling for auditing can save time and minimise cost. 
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Unstratified Result / amounts in Birrl 

Unstratified Mean Per Unit Result Unstratified Difference Result Unstratified Ratio Resurt Sampling with PPMS Result 

Estimated Audited Precision Estimated Precision Estimated Precision Estimated Precision 
Amount Audited Amount Audited Amount Audited Amount 

Sample 1 2480083.20 100924.62 2453739.22 16465.99 2450005.70 16925.61 2421018.73 95425.73 
Sample 2 2457336.00 107923.50 2454830.99 16670.95 2454855.30 16669.10 2478335.59 1458.23 
Sample 3 2455467 .80 100625.77 2449099.98 17337.82 2449181.40 17296.19 2383828.46 87999.61 
Sample 4 2511169.90 102148.95 2446932.64 17967.46 2447744 .50 17936.39 2466555.35 17452.27 
Sample 5 2485479.40 101078.86 2467449.92 5434.26 2467534.00 5421 .74 2477740.68 2016.69 
Sample 6 2497373.80 101936.86 2459884.68 7216.05 2460170.40 7257.73 2444582 .35 40065.34 
Sample 7 2400444 .50 102110.38 2452418.16 16813.67 2451847.20 16797.36 2477015.74 2232.22 
Sample 8 2457430.10 97376.98 2460367.68 7856.87 2460328.10 7893.01 2477015.74 2232 .22 
Sample 9 2512473.60 104077.01 2451489.10 17374.11 2452151 .30 17384.07 2461521 .52 22020.85 
Sample 10 2462665.00 99497.86 2448702 .82 17862.12 2448872 .80 17832.69 2465474 .22 154790.79 
Average 2471992.33 101770.08 2454491 .52 14099.93 2454269.07 14141 .39 2455308.84 42569.40 
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ADDendix 2 
Stratified Result f amounts in Birrf I 

Stratified Mean Per Unit Result Stratified Difference Result Stratified Ratio Result Sampling with PPMS Result 

Estimated Audited Precision Estimated Audited Precision Estimated Audited Precision Estimated Precision 
Amount Amount Amount Audited Amount 

Sample 1 2498945.30 88022.75 2477346.69 2689.86 2477362.10 2795.07 2421018.73 95425.73 
Sample 2 2466570.00 94960.39 2469274.94 13776.55 2469257.00 14377.12 2478335.59 1458.23 
Sample 3 2403257.60 121084.96 2475697.59 6245.41 2475595.80 6520.21 2383828.46 87999.61 
Sample 4 2331291.30 76572.02 2464975.75 17629.22 2464417.12 17393.43 2466555.35 17452.27 
Sample 5 2450717.70 85727.36 2460504.99 18986.90 2460376.20 5230.78 2477740.68 2016.69 
SampleS 2452359.10 98389.89 2462574.16 24013.35 2462505.90 25952.87 2444582.35 40065.34 
Sample 7 2454691.60 109624.84 2449111 .75 32626.74 2449299.30 34000.53 2477015.74 2232.22 
Sample 8 2449161 .10 134221.08 2452769.95 26158.21 2455868.10 28250.07 2477015.74 2232.22 
Sample 9 2534837.50 94174.74 2464863.13 21972.95 2465253.40 23123.04 2461521 .52 22020.85 
Sample 10 2507451 .80 89039.18 2473002.89 7790.05 2473086.20 8024.35 2465474.22 154790.79 
Average 2455928.30 99181.72 2465012.18 17188.92 2465302.11 16566.75 2455308.84 42569.40 
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