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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document addresses several application domains: financial auditing, lot inspection, quality
auditing, functional testing, conformance inspection and acceptance testing. In all these domains, users
are concerned with the decision problem of accepting or rejecting an inspection target.

The two-stage sampling scheme suggested by this document addresses three areas of inspection
practice:

a)
b)

adjust sample sizes to prior information on the status of the inspection target;

nable a rapid decision by samples of small size if the population submitted fori
ctually in very good or very bad condition, and enforce higher sample sizes only.if|th
ubmitted for inspection is actually in a medium condition;

nspection is
e population

rotect against both errors of

)

2) erroneously accepting an intolerable inspection target.

4

1) erroneously rejecting a tolerable inspection target, and

To sqtisfy a), the sampling plans in this document are indexed i the parameter Trust with levels low,

mid,
stagg
stagg
inspq

The
the i
finan
proc

popy

Prev
insp{
for tl
impr

The
user

The

does
Corr
“accq
prac

high, where increasing Trust level reduces sample size. Ta satisfy b), this document iy
sampling plans with small sample sizes in the first stage ‘and higher sample sizes i

bction is somewhere in-between.

sampling scheme in this document is particularly suitable for financial auditing, both
hternal control system (ICS) and for usage instests of details as a tool of substantive pi
cial auditing. ICS auditing and test of details are usually based on sampling instead
bdures. The relevant standard ISA 530)requires that sampling enable conclusions
lation. Conclusively, statistical sampling schemes are indispensable.

jous inspection results will bé_an important basis for the choice of the trust ley
ections. Thus, the continued use-of the sampling scheme in this standard will serve as
e providers of the respective targets, e.g. the responsible authorities for the ICS in a
ove upon the quality of the-target populations.

Hecision procedure-of-the sample is kept simple for immediate implementation. In pa
is not requestedtorévaluate mathematical formulae.

target population is considered as acceptable (tolerable) if the proportion nor
not exceed a specified tolerance p,, otherwise it is considered as unacceptable (
espondingly, the objective of sampling inspection is to enable a decision between the al{
ptanc€e”and “rejection”. In different application domains, acceptance and rejection h4
ical interpretations, see the explanations in Clause 5.

nposes two-
| the second

, where ordinarily a decision is reached already in thefirst stage if the population sybmitted for

for auditing
ocedures in
bf screening
on the full

el for later
An incentive
company, to

rticular, the

iconforming
intolerable).
ernatives of
ve different

The sampling inspection procedure starts with a first sample of size n; with the following rule: accept if
and only if no nonconforming units are found among the n; sampled units; reject if and only if at least
Re; (stage 1 rejection number) nonconforming units are found among the n; sampled units; proceed to

the second stage if and only if at least one and at most Re; -1 nonconforming units are found among the

n; sampled units. In the second stage, sample n, units, and decide “accept” if and only if the number of
nonconforming units in the combined first and second sample is smaller or equal to the stage 2
acceptance number Ac,, otherwise reject. The two-stage decision procedure can be expressed

equivalently by comparing the limits of a two-sided confidence interval of nominal level () for the
proportion nonconforming with the tolerance py.
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The sampling plans are indexed by three quantities:

i) the tolerance pg;

ii) the nominal confidence level (y ), which is respectively either 0,7, 0,8, 0,9, 0,95 or 0,99;

iii) three levels, low, mid, high, of a scale called Trust.

The Trust levels express the user’s degree of confidence into the status of the target population.

The objective of this document is to provide procedures that enable a decision quickly and economically
if the proportion nonconforming is particularly low or high. In the latter case, the inspection procedure
will in most[all cases terminate in stage I with small sample sizes 11;. Only under intermediate valyes of
the proportion nonconforming in the target population, the likelihood of proceeding to a second s;k:ple
is high. The[two sample sizes in stage 1 and stage 2 are chosen so as to minimize the expected sample
size under the specified confidence level and Trust level.

vi © IS0 2022 - All rights reserved
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Sampling procedures for inspection by attributes — Two-
stage sampling plans for auditing and for inspection under
prior information

1 Scope

Thisdocument specifies two-stage (double) sampling plans by attributes for inspection for :

ofn
a)
b)
‘)
d)

1
1
1

1

The
delay
stati

2
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unda

ISO 7
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ISO
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ISO 3
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3

3.1

i

conforming items in a target population of discrete units, in particular:

he proportion of nonconforming items in a lot of product items;

he proportion of nonconforming function instances of an internal contrgl-system (ICS);

he proportion of misstatements in a population of accounting entries or booking recof

he proportion of nonconforming test characteristics of an entity‘subject to an accepta

in product and process audits.

pblans are preferable to single sampling plans where the’/cost of inspection is high
r and uncertainty caused by the possible requirementfor second samples is inconse
stical theory underlying the plans, tables and figures'are provided in Annexes A throu

Normative references

following documents are referred to in~the text in such a way that some or all of t
fitutes requirements of this document.” For dated references, only the edition cited
ted references, the latest edition ef'the referenced document (including any amendme

859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexé
ty (LQ) for isolated lot inspettion

3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and t

nbility

534-2, Statisties.= Vocabulary and symbols — Part 2: Applied statistics

[erms, definitions, symbols and abbreviated terms

Terms and definitions

W proportion

)
ds;

Ince test, e.g.

where the
uential. The
ch K.

heir content
applies. For
hts) applies.

d by limiting

brms used in

For the purposes of this document, the terms and definitions given in ISO 2859-2, ISO 3534-1 and
[SO 3534-2 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
I

©ISO

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/
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3.1.1

acceptance number

Ac

largest number of nonconformities or nonconforming items found in the sample by acceptance sampling
(3.1.2) by attributes that permits the acceptance of the lot, as given in the acceptance sampling plan
(3.1.3)

[SOURCE: ISO 3534-2:2006, 4.4.2]

3.1.2
acceptance Sampling
Sampling afrer-whichdeetstonsaremadeto q\,\,cpt orhotte q\,\,cyt a }ut, orothet Bt uup;us of pro ucts,

materials o1 services, based on sample results

[SOURCE: IS0 3534-2:2006, 1.3.17]

3.1.3
acceptance|sampling plan
plan which gtates the sample size(s) to be used and the associated criteria for lotacceptance

[SOURCE: IS0 3534-2:2006, 4.3.3]

3.14
Conditiona] risks

3.1.4.1
conditional risk type I

conditional] type I

conditional probability that H : p<p, be accepted by thetest, given that p>p,

Note 1 to entty: The conditional type I error is also addressed as the conditional type I risk.

Note 2 to enffry: In an auditing context, the conditional type I risk evaluates the extent in which the purp¢se of
auditing is fajled. Hence, the type I risk can also bé\considered as a conditional measure of audit effectivenelss.

Note 3 to entfy: For a detailed mathematicaltexplanation of this conditional risk, see Annex D.

3.14.2
conditional] risk type II

conditiona] type II

conditional probability that &y i p < p, be not accepted by the test, given that p<p,

Note 1 to entty: The conditional type Il error is also addressed as the conditional type II risk.
Note 2 to enfry: In ah’auditing context, good lots are rejected in this case. So, the conditional type II risk is a

measure for pconomie loss. Hence, the type Il risk can also be considered as a conditional measure of audliting
efficiency.

Note 3 to entry: For a detailed mathematical explanation of this conditional risk, see Annex D.

3.1.5

confidence interval

interval calculated from the sample, which specifies a range of plausible values of the unknown
parameter p

Note 1 to entry: The reliability of the confidence interval as an interval estimate for p is measured by the actual
coverage probability, i.e. the probability that the interval contain the true value of p. For a confidence interval of
nominal level y, the actual coverage probability has the lower bound y pointwise in p. The length of the confidence
interval corresponds to the precision of the statistical inference on p. Thus, interest is in shortest confidence
intervals.

Note 2 to entry: See Annex A

2 © IS0 2022 - All rights reserved
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3.1.6
coverage probability
probability that a random confidence region contain the true value of p

Note 1 to entry: For a detailed mathematical explanation of the coverage probability, see Annex G.

3.1.7
financial statement

formal record that reports about an entity’s financial activities and position, related to one point in

time or to changes within a period in time

3.1.8

inspection by attributes

inspection by noting the presence, or absence, of one or more particular characteristic(s
the items in the group under consideration, and counting how many items do, or.do not,
characteristic(s), or how many such events occur in the item, group or opportunityspace

[SOURCE: ISO 3534-2:2006, 4.1.3]

probpbility of requiring the second stép

Note |l to entry: For a detailed mathematical explanation of I.p;, 4, see Annex E.

3.1.11
lot
definlite part of a population constituted under essentially the same conditions as the pop
respgct to the sampling purpose

[SOURCE: ISO 3534-2:2006, 1.2.4]

3.1.12
misgtatement

) in each of
possess the

proportion

age sampling

hlation with

diffefénce between the required amount, classification, presentation or disclosure of

a financial

statement and the actual ObServed one

3.1.13

nonconforming item

nonconforming unit

item or unit with one or more nonconformities

[SOURCE: ISO 3534-2:2006, 1.2.12, modified — "unit" has been added to "item".]

3.1.14
nonconformity
non-fulfilment of a requirement

[SOURCE: ISO 3534-2:2006, 3.1.11]
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haracteristic

probability of reaching the decision “acceptance” by a sampling plan, considered as a function of the
true value of the proportion nonconforming p

Note 1 to entry: See Annex B.

3.1.16

OC matched
sampling plans that have the same operating characteristic

Note 1 to ent

3.1.17

ry: See Annex C.

prior information

knowledge 4

Note 1 to ent
environment|

3.1.18
population
totality of it

[SOURCE: I§

3.1.19
rejection n
Re

ibout a parameter before the actual sampling evidence is taken into accoutit

I'y: Sources of prior knowledge are, for instance, historic audits and the assesshient of the conj

ems under consideration

0 3534-2:2006, 1.2.1]

1mber

smallest number of nonconformities or nonconforming items found in the sample by accepf

sampling byj
[SOURCE: I§

3.1.20
sample
subset of a

[SOURCE: IS

3.1.21
substantivg
audit proced

Note 1 to ent

attributes that requires the lot to be netaccepted, as given in the acceptance sampling

0 3534-2:2006, 4.4.1]

opulation made up of onejer more sampling units

0 3534-2:2006, 1.21%-modified — Note 1 to entry deleted.]

e procedure
lure with-the-objective of detecting misstatements at the assertion level

Fy: There are two types of substantive procedures:

a) testsof

letails (of classes of transactions, account balances, and disclosures); and

b) substantive analytical procedures.

3.1.22

test of controls
audit procedure with the objective of assessing the operating effectiveness of controls in preventing, or
detecting and correcting, material misstatements at the assertion level

3.1.23
tolerance p

roportion

pany

ance
plan

largest value p, of the proportion nonconforming such that the target population is considered as

acceptable

© IS0 2022 - All rights reserved
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3.2 Symbols and abbreviated terms

n; sample sizes in stage i

Natch one stage sample size with same OC as two stage sampling plan

X; number of misstated items (nonconforming items) found in n;
confidence interval for the proportion of misstatements (nonconforming items)

p proportion of misstatements (nonconforming units)

pL lower limit of D

Py upper limit of D

Po tolerance proportion

Lcp integrated actual coverage

Y nominal confidence level

a b shape parameters of the beta distribution

Ac; acceptance number in stage i

Re; rejection number in stage i

ctygel |conditional probability of erroneous acceptance

c.tyge Il  |conditional probability of erroneous rejection

1.py 4 integrated probability of entering the second¢stage

LASN integrated average sample number

N lot size

0ocC operating characteristic function

P probability of acceptance (OC function at a specified value p)

4 $electing and operating a two-stage sampling plan under prior inforn

4.1 | General

Tabl¢ 1 to Table 5 in Clause'7-provide two-stage sampling plans (ny,(Acq;Re;),n,,(Ac,;R¢g

in thp parameters p, (tolerance proportion), ¥ (confidence level), and in the level of prior

(trugt).

The aim of the dpplication of a two-stage sampling plan is two-fold:

a) ¢nablea;decision on whether or not the actual proportion nonconforming p exceeds t
roportion p. In statistical terminology, the decision problem can be considered as
ypothesis H:p<p, versus the alternative K:p>pg;

nation

»)) indexed
information

he tolerance
h test of the

b) provide a confidence interval for the actual proportion nonconforming p .

The design of the sampling plans assures that the probabilities of both decision errors 1) erroneous
rejection of H, and 2) erroneous acceptance of H are bounded.

4.2 Selecting a sampling plan

Sampling plans can be obtained from Table 1 to Table 5 in Clause 7. The cell entries Table 1 to Table 5

display:

a) upper left: n; sample size in stage 1;

© IS0 2022 - All rights reserved
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b) upper right: (Acq;Re; ) acceptance and rejection number in stage 1;

<)

lower left: n, sample size in stage 2;

d) lower right: (Ac,;Re,) acceptance and rejection number in stage 2.

The sampling plans are indexed in p, (tolerance proportion),y (nominal confidence level), and in the

Trust level.

The nominal confidence level y determines the reliability of the conclusive decision as taken according
to the algorithm in 5.3 in the sense that the coverage probability P(pe D) exceeds y for a wide range

of actual va
to G.5. Corr

and 2) errof

The level of
values {low,
with populd
evidence of
performanc

See Annex H

4.3 Samp

The decisiol
the followin|

Stage 1:

Draw a ran|
sampled uni

a)
b)
c)
Stage 2:

x1 <Ac
X1 =2Re

Acy <x

If, in stage 1

Draw a seca

n, sampled
a) X1 +X2
Po;

b)
6

ues p, except a small interval around p,, see the coverage probability graphs in Figurd
espondingly, the probabilities of both decision errors 1) erroneous rejection of H:p

eous acceptance of H:p<p, are bounded by 1-y for a wide range of actual values p.

mid, high}. The Trust level low shall be used if no prior experience or badprior exper
tions submitted for inspection exists. The Trust level high shall be used if there is st
good performance. The Trust level mid shall be used if there is-weak evidence of
e or strong evidence of in-between performance.

| for further technical background on the prior information mmodel and the Trust scale.

ling and decision procedure

1 by a two-stage sampling plan (ny,(Acq;Req),nd5(Ac,;Re,)) shall proceed accordi
ig algorithm with Ac; = 0:

ts. Decide according to the subsequent cases a), b), and ¢):
| : Acceptance of the hypothesis H:p<p,,i.e.p is considered not to exceed the toleran
b : Rejection of the hypothesis H:p<p,, i.e. p is considered to exceed the tolerance p;

| <Re;: No decision in'stage 1, go to sample stage 2.

the case c) occurs and enforces entering stage 2, proceed as follows:

nd randem sample of size n,, determine the number x, of nonconforming units amon
inits\Pecide according to the subsequent cases a) and b):

sG.1
<Po,

prior information shall be specified on an ordinal scale named Trust, by cheosing amon|g the

ence
rong
good

ng to

dom sample of size n;, determine the*number x; of nonconforming units among the n;

€pPo

o the

< A¢,: Acceptance of the hypothesis H:p<pq.i.e. pisconsidered notto exceed the tole

ance

X1 +Xx, =2Re, : Rejection of the hypothesis H:p<p,, i.e. p is considered to exceed the tolerance p,

© IS0 2022 - All rights reserved
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Estimation of the actual proportion nonconforming

The sample proportion nonconforming is

p=

X
—1, if the decision procedure terminates in stagel,
L

Xy +Xy

, if the decision procedure terminates in stage2.
n +n,

p is an unbiased estimator of the actual proportion nonconforming p in the population. The sampling
uncertainty inherent in the estimator p is expressed by a confidence interval. A two-sided confidence

inter

i.e. with a

prob

intern
thec
level

(non
(non

5

Detal
beloy

1

— flor the inspection of lots of discrete product items, see 6.1

f

5.1

5.1.1

Samjples shall be drawn from the-lot by simple random sampling. When the lot consists o

strat
then

5.1.2
All it

Acce
nonc

resp

val D = [p. 'n..] of 2 nominal level ¥ satisfies the inequality P(n, <pn<p. . \>v
| 3 VI S R | 7 T 7 Ay am ) T T U/ 7

pbility of at least 7y, the actual proportion p lies between p; and py. A two-sideg

val D for the actual proportion p of misstated items (nonconforming items) canbe ohb
pnfint function in the ISO 28596 package from the following input quantities: 1}-n6ming
y and level of Trust chosen for selecting the sampling plan; 2) number:x; of miss

ronforming items) found in stage 1; 3) if stage 2 was entered: number x, of miss
conforming items) found in stage 2.

Application paradigms: lot inspection and financial'auditing

Is of two standard application paradigms for the two-stage decision procedure aj
v:

inancial auditing, with two targets: for testing for the compliance of an internal cofj
test of controls), and test of details in the course of substantive procedures, see 6.2
Lot inspection

Sampling

a, identified by some ratipnal criterion, representative sampling shall be used in sucl
umber of items sampledis proportional to the number of items in the sub-lot or stratu

Acceptance ofloss
ems in the sample shall be inspected and the nonconforming items shall be counted.

ptability~of a lot shall be determined by the use of the obtained sampling plans. If th

pCtively, the lot shall be accepted, otherwise the lot shall not be accepted.

confidence

tained from
| confidence
tated items

tated items

e described

itrol system

f sub-lots or
i a way that
m.

e number of

pnferyiing items found in the sample is equal to or less than the acceptance number Ac; and Ac,,

5.1.3 Disposition of non-accepted lots

The disposition of lots not accepted shall be agreed in advance by all interested parties.

5.1.4 Lots with one or more nonconforming units

If a lot has been accepted, the right is reserved not to accept any item found nonconforming during the
acceptance sampling inspection that led to lot acceptance.

©ISO
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5.1.5 Resubmitted lots

Alot that ha
a)

s been inspected but not accepted shall only be resubmitted for re-inspection if

replaced by conforming items, and

b) allinter

ested parties agree.

The responsible authority shall determine the method of re-inspection to be applied.

5.2 Finang

the purchaser is satisfied that all misstated items (nonconforming items) have been removed or

5.2.1 Pur
The relevan
1) testofd
2) testofd

In any case,
audit docun

5.2.2 Tar

In the fram
events over

deviate within a specified time frame from the prescribed internal control procedures. The tolej

proportion
tolerable foy

In the fram
account bald

as tolerable

5.2.3 Acc

Both accepf
acceptance,
amount of 3
rejection, th
amount of a

T T er eI eIy

poses in the risk-oriented auditing process

[ purposes in the risk-oriented auditing process are:

ontrols, i.e. tests of compliance in the evaluation of the internal control'system (ICS);
etails for selected purposes in course of substantive procedures.

the auditor notifies the result of the sampling procedure and the)subsequent decision i
entation.

pet population, proportion nonconforming and tolerance proportion p,

bwork of the evaluation of the ICS, the target pepulation is a totality of internal co
a specified time frame. The proportion nonconferming is the rate of control events \

p, is the rate of deviation from prescribed internal control procedures considerg
the purposes of financial auditing within a specified time frame.

ework of a test of details, the target population is a totality of statements in a speq

for the purposes of financiakauditing.

bptance and rejection)in the case of a test of compliance of the ICS

ance and rejection affect the auditor’s assessment of the control risk. In the ca
the auditor rather tends to choose a lower value of the control risk. As a consequenc
uditing efforts in course of subsequent substantive procedures decreases. In the c4
e auditor, pather tends to choose a higher value of the control risk. As a consequencg
1diting efforts in course of subsequent substantive procedures increases.

5.2.4 Acc

n the

ntrol
rhich
ance
d as

ified

ince or class of transactions. The proportion nonconforming is the rate of misstatements in
the target pgpulation of statements. The tolerance proportion p is the rate of misstatements consig

ered

e of
b the
se of
e, the

pptance and rejection in the case of a test of details

Both acceptance and rejection affect the auditor’s judgment on the existence of material misstatement
in the targeted audit population. However, the final conclusion of the auditor is affected by various
additional factors, in particular, further test of details, analytical procedures, qualitative assessment of
the type of nonconformities.

6 Examples

6.1 Example 1: Lot inspection

A consumer buys a set of screws and can tolerate 3 % of failures. Suppose, the consumer’s confidence in
having a low p is mid, i.e. Trust = mid. Furthermore, a nominal confidence level of 0,80 is needed, i.e.
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y = 0,80. Table 2 shall be used, which provides that the sample size in stage 1, n; is 63. In addition,
using Table 2, the corresponding acceptance and rejection numbers at this stage are Ac; =0 and

Re; =5.So, if the inspection leads to no misstated item (nonconforming unit), the lot can be accepted at

the first stage. If the inspection reveals 5 or more misstated items (nonconforming units) in the sample
of 63, the lot shall be rejected. Otherwise, a second sample shall be drawn. According to Table 2, the
sample size in stage 2, n, is 228, Ac, =8 and Re, =9.

If the concerned parties are also interested in the operating indicators, Table 1.2 provides this additional
information: c.type I =0,063 0, c.type II = 0,098 8, , LASN = 161,67, 1.p,4 =0,432 8 and I.cp=0,807 8.

6.2 Exampie 2rAuditing of am Internal control system (purchase process)

An a
effec
num

bvaluate the
e are a large
the auditor
rvation, the
ming goods,
hese stages,
ase process
the auditor
or example,
correspond

ditor inspects the purchase process of a medium-size retailer of office equipment to
tiveness of the respective part of the relevant ICS. In the case subject to auditing; ther
ber of purchases per year with a high quantity of different suppliers. In dfirst step
evaluates the appropriateness of the process design. As a result of an interview and obse
purchase process consists of the following stages: needs assessment, purchase order, inco|
invoilce receipt and verification, payment processing, adjustment of general ledger. In t
numerous different controls have been identified, which shall ensure that the purch
operfptes appropriately. After having assessed the appropriatenessof the process design
determines the kind of controls of each stage, which are subjectto further investigation. }
the auditor selects in the stage of “incoming goods" the control;whether the goods delivered
to th

the 1
indid

purc

or uj

toler]

In v

e goods ordered in quantity and quality. Therefore, the auditor prompts the retailer t

ate that the quantity and quality of each incoming@ood have been checked (e. g. infor
hase order) and were considered as appropriateiThe auditing target is the proportion

hble rate of deviation.

ew of the large number of incoming goods, the auditor proceeds by sampling

Calcuylations in the framework of the.risk-oriented auditing process impose for the inte

Systq

m (ICS) auditing step a confidence'level of ¥ = 0,80. Concluding from previous expe

the quditee, the auditor has high gonfidence in the ICS and assumes the trust level high. U

the s
num

The

inspq

ie t
num

unsig
the t

ize of the first sample is 7532, with the corresponding acceptance number Ac; =0 a
per Req =6.

huditor takes a rartdom sample of size n;=32 of goods incoming events from the ERP
ection of the 32.g0ods incoming events reveals that all corresponding delivery were
he number ofy nonconforming units in the sample is x; =0. Comparing x; with thg
per Acq =0;-the auditor accepts the hypothesis H:p<p,, i.e. the proportion p of

ned or-lnappropriately signed delivery notes in the entire population is considered |
plerance p,. Conclusively, the auditor classifies the considered specific internal contrg

esponsible staff has duly signed the delivery notes:of all incoming goods. The sign3

nsigned or inappropriately signed delivery siotes. The auditor assumes 5 % (py =

p prove that
ture should
mation from
p of missing
,05) as the

inspection.
rnal control
riences with
5ing Table 2,
ind rejection

system. The
duly signed,
acceptance
missing or
ot to exceed
| procedure

as effective.

6.3 Example 3: Auditing of an integral control system (sales process)

An auditor inspects the sales process of a medium-size retailer of steel products to evaluate the
effectiveness of the respective part of the relevant internal control system (ICS). There are a large
number of sales per year with a high quantity of different customers. In a first step, the auditor
evaluates the appropriateness of the sales process design. As a result of an interview and the auditor’s
own observations, the sales process consists of the following stages: submission of tenders, order
acceptance, goods outgoing, invoicing, payment processing, post entries to general ledger. In these
stages, numerous different controls have been identified, which shall ensure that the sales process
operates appropriately. After having assessed the appropriateness of the process design, the auditor
determines the kind of controls of each stage, which are subject to further investigation. For example,
the auditor considers in the stage of “invoicing” the control of whether the realisation principle has
been observed appropriately. Therefore, the auditor asks the retailer to prove that, with respect to all
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single sales, the realisation of the turnover has been recorded in the correct period. The auditor would
accept 3 % of incorrectly recorded turnovers as tolerable.

In view of the large number of outgoing invoices per year, the auditor proceeds by sampling inspection.
For each sampled invoice, the auditor investigates whether the turnover was realised correctly.
Calculations in the framework of the risk-oriented auditing process impose for the internal control
system (ICS) auditing step a confidence level of ¥ = 0,70. Concluding from previous experiences with
the auditee, the auditor has high confidence in the ICS and assumes the trust level high. Using Table 1,
the size of the first sample is n;=40, with the corresponding acceptance number Ac; =0 and rejection

number Re; =6. In the first sample, the auditor observes x; =7 incorrectly realized turnovers.

- <

. the

Comparing
proportion
tolerance p,
procedure q

6.4 Exam

An auditori
to accuracy

misstateme

In view of

Calculations
auditing std
auditee, the
Table 1, the
rejection nu
x, with the 3

p of misstat

tolerance p |

6.5 Exam

An auditor i
to accurate

5 % of inacc

wath tha ralaction o hor DA
W Fejeet B o5+t tt

=6 tha auditaor raiactc thao hunathacic
H—13e 10H HeF—eT e—ateterejeets+tae-nypotnests

H+p<pyri-
p of incorrectly realized turnovers in the entire population is considered to excee
=0,03,i.e. 5 %. Conclusively, the auditor classifies the considered specific interhalco

s ineffective.

ple 4: Auditing test of details (accounts receivable)

hspects the accounts receivables of a medium-size retailer of officEequipment with re
pf statements at balance sheet date. The auditor imposes a tolerance of p, =0,05,i.e. 5

hts at balance sheet date are assumed as tolerable.

the large number of accounts receivable, the auditor proceeds by sampling inspeg
in the framework of the risk-oriented auditing process impose for the test of d¢

auditor has low confidence in the client’s accouriting and assumes the trust level low. |
size of the first sample is n;=36, with the cortesponding acceptance number Ac; =0

mber Re; =4. In the first sample, the auditer observes x; =0 misstatements. Comp
cceptance number Acq =0, the auditor dccepts the hypothesis H:p<p,,i.e. the propo
ed accounts in the entire accounts reeeivables population is considered not to excee

ple 5: Auditing test of details (raw materials)

nspects the raw materials’inventory of a medium-size retailer of steel products with re
value assessment at'badlance sheet date. The auditor imposes a tolerance of py=0,0]

urate value assessments at balance sheet date are assumed as tolerable.

In view of t

imposes for|the test ef\details a confidence level of ¥ = 0,90. Concluding from previous experig

with the au
the trustle
number Ac

itee, thexauditor has moderate confidence in the client’s materials assessment and ass
I midUsing Table 3, the size of the first sample is n;=52, with the corresponding accepf
£0, and rejection number Re; =7. In the first sample, the auditor observes x; =4 w

] the
ntrol

spect

% of

tion.
btails

p a confidence level of y = 0,70. Concluding from previous bad experiences with the

Jsing

and
hring
rtion
d the

bpect
b, i.e.

e large variéty of raw materials, the auditor proceeds by sampling inspection. The aulditor

nces
imes
ance
rong

assessments. Conclusively, the auditor proceeds to a second sample of size n,=185 which is found to
contain x, =7 wrong assessments. In the second stage, the acceptance number is Ac, =11 and the

rejection number is Rep, =12. The cumulative number of wrong assessments is x;+x,=11.
Conclusively, the auditor accepts the hypothesis H:p<p,, i.e. the proportion p of wrong assessments in
the entire population of inventory data is considered not to exceed the tolerance p,.

7 Sampling plans

Sampling plans with acceptance/rejection numbers for varying nominal confidence levels, stages
arranged row-wise are given in Tables 1 to 5.
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Annex A
(informative)

Confidence intervals

The methodology of the decision procedure in 4.3 is based on shortest two-sided confidence intervals
under prior information for an unknown proportion. See Reference [5] for technical details on shortest
confidence Intervals under prior information. The hypothesis test compares the confidence intervals
against the flesired tolerance p,,.

The decisioa)|1 procedure in stages 1 and 2 proceeds as follows, see Figure A.1 for an illustration.

In stage 1, affter drawing n, items and observing x; nonconforming units, a confidencé-interval fof p is
calculated. The decision in stage 1 proceeds according to the following scenarios:

1.1 When thee confidence interval lies completely below the tolerance, the lot is-decepted.
1.2 When the confidence interval completely lies above the tolerance, the lot’is rejected.

1.3 If the tolgrance lies within the confidence interval, no decision cagbe’‘made in stage 1 and the sgcond
sampling ste¢p (stage 2) is necessary.

In stage 2, 4 number x, of nonconforming items is observed in, a sample of size n,. A new confidence
interval for|p is calculated based on the total number x;+ X3 of nonconforming units. The decisipn in
stage 2 prodeeds according to the following scenarios:

2.1 When the confidence interval is completely above or below the tolerance, the decision is approval
and rejectiop, is analogous to the first stage.

2.2 If the interval contains the tolerance, therdecision is based on whether a bigger portion of the
confidence interval is below or above the tolerance, to result in acceptance or rejection.

Stage 1: ————— % - T
Po Po Po
1.1 /1-3 1\ 12
——+++ —+—+—1

Po Po
2.1 2.2 \
/

Figure A.1 — Illustration of two step decision procedure based on position of confidence
intervals

Stage 2:

The relationship between confidence intervals and the decision procedure is illustrated in Figures A.2
and A.3 The blue horizontal line segments represent the confidence intervals for p relative to the sample
observation x on the vertical axis. For the first stage, the confidence intervals are intersected with the
tolerance p,=0,3. Figure A.2 shows the largest x; where p, is above or equal to the upper confidence
limit and the smallest x where p, is below the lower confidence limit. This results in the acceptance
number Ac; =3 and rejection number Re; =12. For the second stage, the highest point lower or equal to

po determines Ac,=7 and Re, =8, see Figure A.3.
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n, =25

p

pure A.2 — Confidence intervals for p (horizontal axis) indexed in thénumber x,|(vertical
axis) of misstatements (nonconforming items) for samplesize n; = 25

ire A.3 — Confidence intervals for p (horizontal axis) with marked middle points, indexed
e number x;+ x, (vertical' axis) of misstatements (nonconforming items) for sample size n,+

Fo the two-stage)procedure, the actual confidence level of the final confidence interval undercuts

the prescribed rfeminal confidence level y in a small interval around p. See Figures (.1 to G.5 in

Annse

X G.
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Annex B
(informative)

Operating characteristics (0OC)

The operating characteristic (OC) denotes the function of acceptance of a statistical test procedure. In

the present

case, for a set of parameters ny,(Acq;Re;),n,,Ac, and X; ~Bi(ny,p),X, ~Bi(n,,p)the

operating characteristic function can be formulated as
Pa(z) (p)E P(accept Hy|p)=P(X; <or{Ac; <X; <Rejand X; +X, <Ac, }|p)
AC1 Rel -1 ACZ —X1
= Y P(X;=xlp)+ Y, P(Xy=x1lp) Y P(X;=x;Ip)
X1=0 X1:AC1+1 X2=0
ACl R€1 -1 ACZ_Xl
_ 2 ("1 )pxl (1_p)H1—X1 + Z 2 (nl ]{nz ]pxl-f-xz (1_p)n1+H2—X1—X2
X1=0 Y 1 X1=AC1+1 X2=0 Xl XZ
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Annex C
(informative)

OC matching

The OC function described in Annex B can be used to denote two different sampling plans as equally
“fair”, if their OC functions are nearly equal. The so-called OC matching principle uses this requirement

Give

—

whic
mini

Valug
stage

they

of fa]:‘ness to obtain a single stage sampling plan that matches a given two-stage sampling

(n, Ac) and X ~ Bi(n,p), the one stage OC is denoted by:

Ac n
)cgl) (p)=P(accept Hy|p)= Z(X Jpx (1-p)"*

x=0

mize the squared residual:
1 2
min Rz(n,nl,nz):z min I(P(gl) (p)—PCSZ)(p)) dp

1 <n<nq+ny nq <nsnq+ny 0

s smaller or equal to n; are not considered as_valid for n, since they make the calg

render the one stage sampling plan worthless:

h is the binomial OC. To find the OC matched sample size ny ., fo-agiven plan ny,nj

©ISO

2022 - All rights reserved

one has to

ulated two-
sampling plan completely obsolete. Larger values than n; +n, are also not to be copsidered, as
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Annex D
(informative)

Conditional type I and II errors (conditional risks)

Given ny,(Acq;Req),ny,Acy,a,b,X; ~Bi(ny,y),X, ~Bi(ny,y) and p=y with Y ~Beta(a,b), the
conditional type I and type Il errors can be derived as:
P(errongous acceptance)
1 AC[ Rel -1 ACZ_Xl
=_[ S P(Xy=x1Y=y)+ 2 P(Xy=x1Y=y) Y, P(Xp=x1Y=y) |fy (W)dy
po \ X150 =Ac+1 Xx9=0
AC1 nl)
= 2 L (B(xq +a,n; —x; +b)—B(py;xy +a,n; —x; +b))
~ Bl(a,b)
X1 =0
Rey—1 Ac2=x1("1)(“2)
X1 /\X2
+ ———=(B(xq +x,+a,n; +n, X —x, +b
_z Z_‘B(a,b)((lz 1 TNy ¥ —X +b))
Xl—AC1+1 X2—0
_B(po,Xl +X2 +a,n1 +n2_X1 _X2+b)
opel P(erroneous acceptance) P(erroneousacéeptance)
c.typel = =
P(p>py) B(a,b)©B(py;a,b)
B(a,b)
1
B Acy (}1 )(B(x1 +a,n; —xq +b)—B(py;Xy+a,n; —xq +b))
o B(a,b)-B(py;a,b)
N Reifl Acixl( )( )( (X1 +Xy+a,ny +ny —X; —X5 +b)
Xl—AC1+1 X2_0 B(a'b)_B(pO’a,b)
B(pg;x1 %%, +a,n; +n, —x1 —x, +b)
B(a,b)-B(pyia.b)
and
P(errorleous rejection)
Po ny Req -1 nm
= | 3 Pti=xily=y)+ Y Pi=xlY=y) Y = P(X=xlY=y)|f (y)dy
0 xl—Rel X1—AC1+1 X2=AC2—X1+1
n Ny | 2
n X Req -1 X
= Z L/ B(pg;xy +a,n —x, +b)+ Z Z 2 B(py;xq +Xxy +a,ny +ny —X; —X5 +b)
X1=Rel (a,b) Xl—AC1+1X2—AC2
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P(erroneousrejection) P(erroneous rejection)

P(p<py) ~ B(pgab)
B(a,b)

c.typell =

n
n (Xl ]B(Poixl +a,ny =Xy +b)

-3

x1=Req

a,b)

(Pos
2
Re;-1  ny (Y (Y B(pg;xq +X3+a,ny +ny —Xx1 =X +b)
—N N T2
2 2 B(pg:a.b)

X1 =AC1 +1 X =AC2
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Annex E
(informative)

Integrated second stage probability

If the integrated probability of entering the second stage, I.p,,4, gets near to 1, first drawing and

inspecting 3 sample size n, becomes obsolete, since nearly every time drawing n, +n, is needed
1.py,q decrgases with increasing n;.
Given nq,a,b,py,X1 ~Bi(ny,y) and therefore also given (Acy;Re; ), this probability cande.derived as:

1.p3,q :F P(requiring second step)

1
:JP(re quring second step|Y = y) fy (y)dy
0
1
=_[P(AC1 <x1 <Req|Y=y) fy (y)dy
0
1 Rel—l
=[| Y Pxi=xi1Y=y) |fr (»)dy
0 X1=AC1+1
ny
Rey-t | |1
— Z B( 1b) jyx1+a—1 (1_y)n1—x1+b—1 dy
X1=AC1+1 a, 0
m
Rel—L X
1
= 2 B(xq +a,n{=xq +b)
X1=AC1+1 B(a'b)
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Annex F
(informative)

Integrated average sample number

The integrated average sample number, I.ASN(ny,n, ), can be derived using the integrated probability

for eptering second stage, I.p,. o from Annex E, above, since

1
].ASN (nq ,n2)='|.(n1 +n, X P (requiring second step|Y = y)) fy (y)dy
0

1 1

3 J-nlfy (y)dy+n, IP (requiring second step|Y =y) fy (y)dy
0 0

FMm tnX1.pang
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Let D)'Zi be the confidence interval calculated from the realization x; in the first sample n; and DZ

:2022(E)

Annex G
(informative)

Actual coverage probability

the confideq]
the actual c

cp=P(p

Xl =0,X]
Rel—]

>

X1 :ACl

X1 ZO,X]
Rel—]

>

X1 =AC1
and the inte

1

I.cp:jc

0

where || is ]

”peD::

Some illustr
given in Fig}

g(Ac;+1,.,Re;-1) © 1
m
P(X1=x4|p) 2 ||pE omm P(X2=x;p)
-1 X2=0 X1.,X2

pfy (v)dy

he indicator functipny-defined by:
lif pe D
Oif pe D

hres G/t to G.5.

ce interval calculated from realization x; in the first and x, in the second sample n,,
verage probability cp for given p,n;,(Acq;Req),n,,Ac, is obtained as:

e D" )
1
n
P(pe Dy, )P (X, =x11p)
E(AC1+1,...,R61—1)
)
P(X; =x,1p) Y P(pe D1 |P(X, =x,1p)
-1 X2=0
n

brated coverage probability is obtdined as:

24

L)
X2

hen,

ative graphics of the coverage probability, as well as their generating software function, are
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cp

0,9 1

0,8-+—

0,7

06—

0,5

0,4

T
0 005 01 015 02 025 03-p

Figure G.1 — Actual coverage probability for Example 1
Given Trust level mid, nominal confidence level y = 0,80 andtelerance p, =0,03, the graphic is

generated by coverage(Trust = “Mid”, gamma = 0,80; p0 = 0,03, p_capped = TRUE|))

0 0,1 0,2 0,3 0,4 05 p

Figure G.2 — Actual coverage probability for Example 2
(Given Trust level high, nominal confidence level y = 0,80 and tolerance p, =0,05, the graphic is

generated by coverage(Trust = “High”, gamma = 0,80, p0 = 0,05, p_capped = TRUE))
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cp

0,8
0,7 4——

0,6

0,4-

0,24

0 o005 01 015 02 025 03 p

Figure G.3 — Actual coverage probability for Example 3
(Given Trust level high, nominal confidence level y = 0,70 and tolerance p, =0,03, the graphic i

gdnerated by coverage(Trust = “High”, gamma = 0,70, p0 ='9,03, p_capped = TRUE))

UT

cp
1 -

0,8 1
0,7

0,6

0,42

0,0 0,1 0,2 0,3 0,4 05 p

Figure G.4 — Actual coverage probability for Example 4
(Given Trust level low, nominal confidence level y = 0,70 and tolerance p, =0,05, the graphic is

generated by coverage(Trust = “Low”, gamma = 0,70, p0 = 0,05, p_capped = TRUE))
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0,9-4—

0,8 1

0,7

0,6

0,5

0,4

0 0,1 0,2 0,3 0,4 058D

Figure G.5 — Actual coverage probability for Example 5
Given Trust level mid, nominal confidence level y = 0,90 andtolerance py =0,05, the gi

generated by coverage(Trust = “Mid”, gamma = 0,90; p0 = 0,05, p_capped = TRUE
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Annex H
(informative)

Prior information model

The prior knowledge level used to obtain the appropriate sampling plan from Table 1 to Table 5 is
represented by two parameters a and b. These two parameters uniquely define a beta distribution that

models the prior knowledge given on the proportion of misstated items (nonconforming items), i-e

probable ar{
shapes have

a) Choosin
likely. Tj
level loy

Figu

b) Choosin
used fof
occur t
resulti
sample

rounded up. See Figure H.2.

to be distinguished.

his case expresses the absence of specific prior knowledge, and correspends to the
y in the sampling plan tables. See Figure H.1.

1,4

1,2+

1 —

0,8

0,6

T T T T T T
0 0,2 0,4 0,6 0,8 1

re H.1 — Density of the uniformBeta distribution, resembling low Trust level

g a<land b21 (butnota=b=1)resultsin a strictly decreasing beta curve, which c

an high values. Trustilevel high represents the best possible statistical prior informs
g in the best posgsible sample size reduction. Trust level mid is chosen so that the
size is the geometric mean between the first sample sizes of high and low Trust I

12

10

how

e low values of p, how probable are high values, etc. Depending on the choice of a and'f, two

g a=b=1 results in a uniform distribution of p, i.e. all values of p are cornsidered equally

trust

n be

representing mid and high Trust levels. This means that low values of p are more lik¢ly to

tion,
first
rvels,

T T T T T T
0 0,2 0,4 0,6 0,8 1

Figure H.2 — Density of the strictly decreasing Beta distribution; example for mid or high Trust

28
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A quality manager who intends to inspect a lot may choose the Trust level based on past records of the
lot inspection process. An auditor may choose the Trust level by considering past experiences with the
auditee and observation from previous auditing steps.
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Annex I
(informative)

Operating indicators of sampling plans

Table 1 to Table 5 are constructed for operating the decision procedure of this document. The
subsequent Table 1.1 through to Table 1.5 display statistical operating indicators of the sampling plans
provided by|Table 1 to Table 5.

The cell entfies in the subsequent Table 1.1 through Table 1.5 are explained by Figure I.1. See)Clause 3
for the symlpols and abbreviated terms.

P in proportion

ctypel c.type Il
c¢nditional probability of erroneous acceptance conditional probability of erroneous rejection
LASN Lo
integrated average sample number integrated probability.of entering the second stage
Mmatch Lep
ong stage sample size with same OC as two stage integrated actual coverage

sampling plan

a b

first shape parameter of the beta distribution second shape parameter of the beta distribution

Figure I.1 — Cell entries in Table 1.1 through Table I.5
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