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Preface

A 1961 WHO dogument (MHO/PA/220.63) on sample size deteymination was
reissued in revised form in 1973 with the title Adequacy pf Sample Size
(H5M/73.1), and has been in constant demand ever since. Recent changes in
emphasis in the Organizatien’s activities have stimulated the preduction of a
further revision te include case-control studies and other surveys. This new
edition is intended to fill the need to have at one’'s elbow & document answering
questions on adequacy of sample size, covering approaches most likely to be
adopted by health managers in menitoring and evaluating their programmes,

This manual has been prepared by the unit of Epidemiological and
Statistical Methodology in collaboration with the World Health Orgsnization’s
Diarrhoeal Disease Contrel Programme, the Expanded Frogramme on Immunization and
the Special Programme for Research and Training inm Tropical Diseases. Tt
covers varying situations in which a health worker needs to select a sample of a
population under study. The decument posaes a rumber of typical questions which
health workersz ask statisticians about the size of the sample they should
select. It iz hoped that the manual will not only meet this need, but also
provide insight inte the methedology of solving problems about sample slze. It
containms a minimum number of tables expected to satisfy the demands of most
health workers.

fhe health worker plammimg a survey or study will ask "How large a sanple
do_ I need?". The answer will vary depending on the aims of the study. A
reasonable guess at the expected result 1s requirad, as well as how precise the
regult should be, the operational constraints, and other relevant information.

The adequacy of the size of any sample depends on the scope of the study.
For example, in a study of the curative effect of a drug on & fatal disease such
as the Acquired Immune Deficiency Syndrome (AIDS), where s single
poaitive result would be important, sample size might he irrelevant. But in
testing a mew malaria vaccine, we are dealing with a digease which has a number
of known preventive measures of varying effectlveness, and the vaeccing would
have to be tested on a sufficiently large sample to permit comparison of its
gffect with that of other measures.

A decision on sample size must alse take inte account the cutcome category.
Thete are three possible outcome categories.  The first is the simple case:
yes/no, dead/alive, disabled/mot disabled, veccinated/not vaccinated, existence
of a health committee/lack of a health committee. The second covers multiple,
mitually exclusive alternatives: religious beliefs, blood groups ete. Feor
these two categories of outcome the data are generally expressed as percenlages
or rates. The third eategory covers numerical measurements: weight, height,
age, blood pressure, body temperature etc. In this case the data are
summarized by mesns (averages) and varlances or theiy derivatives.

Regardless of population size, the absclute size of a minimum sample
romains almost the same (except foy very gmall populations, 1.e. less than 100).
Thic implies that if it is wished to have a sample greater than the minimum
size, the sample should be increased by a multiple of the minimum (for example,
from 150 to 200) rather than to a propertlen of the whole population (for
exapple, 5% to 10%).
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In this manual 15 situations are considered, They range from the minimum
sample size for estimating the proportion of individuals in a populatien
possessing & specified characteristic, to the minimum sample size for testing
the difference between incidence rates. For each situation at least one
typical example has been worked out. Random sampling iz assumed for all
examples, so that 1f the sample Is not selected in a statistically random
manner, the tables cannet be used.

The information needed to determine the minimum sample =ize is specified
for each situatien., This information is identified in each example and then
uzed to read the solution from the tables., Except for Situation 15, ne
compuriations are given and no theoretical statiztical background is required,

Brief notes are gilven to clarify some of the points, The manual is de=igned to

be used in "cook-book" fashion. The user who wishes to learn the basis of

sample siza determination Is referred to any standard texthook on statistics, or

to the propozed vevision of the WHO publication: "Adequaey of Seample Size".
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1. ONE SAMPLE SITUATIONS

l.a. Sample 8ize for Estimating the Population Proportion

Two situations are dealt wirh in this subsection: estimation of a
proportion with absolute and relative precisions,

SITUATION 1: Estimating population proportion wirh abszolute precision
(Table 1 and Notez on page 3) :

Minimum sample zize for estimating, with absolute precision, the proportien
of individuals in a population Pogsessing a characteristic,

Required Information and Notation

(1) Anticipated population propertion [F]. [See Note (i)]
(1i) Confidence level [100(1l-a)%]
(ii1) Absolute precisien [d] (i.e., In percentage points) required on

either side of the propertioen.

Example 1:

A local health department wishes to estimate the prevalence rate of
tuberculosizs infection among children under five years of age in its leocality.
How many ehildren sheuld be included in the sample =6 that the rate may be
estimated vo within 5 percentage peoints of the true value with 95% confidence if
it is known that the true rate is unlikely to exceed 20%7

Solution:
(i) Anticipated population preportion (pexr cent): 20%
(1) Confidence level: Q5%
(iii) Absclute precision (from 15% to 25%); 5 percentage points
From Table la in the column headed "0, 20" and the row headed "5 ir is
found that a sample size of 246 would be needad. [See Note (ii)}
Exemple 2:

The national programme of immunization seeks to estimate the proportion of
children receiving appropriate c¢hildhood vaccinations in the country. Assuming
a simple random sampling etrategy, how many children must be studied if the
resulting estimate is to fall within 10 percentage points of the true proportion
with 95% confidence? (It iz not possible to make any assumptien regarding the
vaceination coverage. )

Solution:
(i) Antiecipated population preportion is unknown
In this case, assume: 508 [See Note (iv))
(11> Confidence level: 95%
(iid) Absclute precision (frem 40% to 60%): 10 percentage points

From Table la in the column headed "0.50" and the row headed "10" a sample
zize of 96 would be required. [See Note (iii)]
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Sample size formla for SBituation I1:

Notes:

(i

{ii)

(1ii}

(iv)

()

n - 297 _oP(1-P)/d2 (1)

[See Note (v)]

A rough estimate will usually suffice. For a situation in which
no such anticipation is possible a figure of 0.5 should be used
as in Example 2. If the anticipated proportien is given as a
range, one should use the value closest to 0.5,

If studylng these many childran is unrealistic with raspect to
time and money, the investigators should lewer their requirements
of confidence to, perhaps, 90%. In this case, from Table 1b, a
sample size of 174 (in the c¢olumn headed "0.20" and row headed
"5") would he necessary.

Simple random sampling is unlikely to be the sampling method of
choice in an aetual field survey. Asc a result a larger sample
size is likely to be needed due to the “design effect". For
example, 1f a cluster sampling strategy was to be used, the
desipn effect might be estimated as 2, This would mean that in
order to obtain the same precisiom twice as many individuals must
be studied with cluster sampling as with the simple random
sampling strategy.

The sample size reguired will be largest when P ig equal te 0.5
as can be seen in Tablesz la and lb. Thus the value 0.5 may be
used for P in order to be on the safe side.

"zi.o" represents the number of standard errors from the mean
and is a function of the confidence level. This term will be
fully explained in the propsed revision of the WHO publication:
*Adequacy of Sample Size",
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SITUATION 2- Estimating population Proportion with relative precision
(Table 2 and Notes on page 5) -

Minimum sample size for estimating, with relatjve precizion, the proportion
of individuals in a Population possessing a characteristic,

Bequired Information and Notation

(L) Anticipated pepulatien proportion [F] [See Note (1))
(ii) Confidence level (100({1-a)%]
(111) Relative pracision [£]
Example 3:

The national programme of immunization seeks to estimate the proportion of
children recelving appropriate childhood vaccinations in the country, Assuming
a simple random sampling strategy, how many children must be studied if the
resulting estimate is to fali within 10% (not 10 percentapre points) of the true
proportion with 95% confidence? (The vaccination coverage is not expected to he
below 50%,)

Selutien:
(1) Anticipated popularion proportion iz unknown
therefore, assume: 50%
{1i1) Confidence level: 95%
(iii) Relative precision (freom 45% to 55%): 10% (of 50%)

From Table 2a in the column headed "0.50" and the row headed "10" it iz
found that a sample size of 385 would be needed., [See Notes (ii) and (iil1))

Example 4:

How large 2 sample would be required to estimate the proportion of pregnant
women in the population whoe seek prenatal care within the first trimester of
pregnancy to within 5% of the frue value with 95% confidence? It {5 asztimated
that the percentage proportion of women ceeking such ecare will be somewhere
between 25% and 40%

Solution:
(i} Antieipated population proportion (per cent): 325% te 40%
(ii) Confidence lewvel: 95%
(111) Relative precision: 5% (of 25% to

40% )

Table Z2a presents the tollowing sample sizes, in the row headed nge, for
the different pepularion proportions in the range 25% - 40%:

Proportion Sample size
0.25 4610
¢.30 3586
.35 2854
0.40 2305

Therefore a study might be plarned with roughly 4610 women to satisfy the study
objectives. If, however, this number is too large then a smaller sample size
might be used with a loss of either precision or confidence or both.
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Sample size formula fox Situation 21

n = 227 _(1-B)/(£28) (2)

[See Notes (iv) & (v)]

The expected proportlon used for the sample size computatienm
should be as conservative as possible.

If studying these many children is unrealistic with respect to
time and money, the investigators should lower thelir requirements
of confidence to, perhaps, 90%. In this case, from Table Zb, a
sample zize of 271 (in the ecolumn headed "0.50" and row headed
v10") would be necessary.

Simple random sampling is unlikely to be the gampling method of
choice in an actual fileld survey. As a result a larger sample
size is likely to be needed due to the "design effect". For
example, if a cluster sswpling strategy was Lo be used, the
design effect might be estimated as 2. This would mean that in
order to obtain the same precision twice as many individuals must
be studied with cluster sampling as with the simple random
sampling strategy.

Formula (2) is equivalent to Formula (1) with d replaced by
(£E).

"71_o" represents the number of standard errors from the mean
and is & function of the cenfidence level. This term will be
fully explained in the propsed revision of the WHO publication:
"adequacy of Sample Size",
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l1.b. Sample Size for Hypothesis Testing for a Population Proportion

SITUATION 3: Hypothesis testing for a populatien propoertion
(Tables 3, 4 and Notes on page 8)

Minimum sample size for testing the hypothesis that the proportion of

individuals in a population possessing a characteristic is equal to a particular
value,

Required Information and Notation

(i) Hypethesized value of rhe population proportion [F,]
(ii) True value of the populatien preportion [Fg]
(1ii) Level of significance [100(a)%]
{iv) Power of the test [100(1-5)%]
(v} Alternative hypothesis: either P, » Py o Py < P,
(for one-zided test)
or Pg Py

(for two-sided test)

Example 5:

The five-yesar cure rate for a particular cancer is reported in the
literature to be 50%. What minimum sample =ize would be needed to have a 90%
probability of showing that s cure xate of 40% is not slgnificantly different
from the rate of 50% at the 5% level of significance?

Solution:
(i) Hypothesized cure rate: 404
(i1} True ecure rate: S0%
(111) Level of significance: 5%
(L) Power of the test: 0%
{v) Alternative hypethesis: cure rate is greater than 40%

From Table 3 (for the level of significance of 5%, and a power of 90%)
[See Note (1i)] the sample size is glven in the column headed "0.40" and row
headed "0.50" as 210. [See Note (ii)]

Example 6:

Previous surveys have demonstrated that the usual rate of dentsl caries
among sc¢hool children in a particular community is about 25%. How many children
should be included in a new survey if it is desired to be 90% sure of detecting
a dental cayies rate of 20% at the 5% level of significance?

Solution:
(1) Hypothesized caries rate: 25%
{ii) True caries rate: 20%
(iii) Level of significance: 5%
(i) Power of the test: 904%
(v) Alternative hypothesis: ¢caries rate is less than 25%

From Table 3 (for the level of significance of 5%, and a power of 90%) the
sample size 1s given in the column headed "0.25" and row headed "0.20" as 601,
[See Note (i1i)]
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Example 7:

Suppose the success rate for a surgical treatment of & partiecular heart
condition iz widely reported im the literature to be 70%. A new medical
treatment has been proposed which is alleged to offer squivalent treatment
sueccess. A hospital without the necessary surgical facilities or staff has
decided to use the new medical treatment on all new patients presenting with
this condition. How many patients must be studled to test the hypothesis that
the success rate of the new treatment method is 70% against an alternative
hypothesis that it is not 70% at the 5% level of significance? It ig desired to
have a 90% power of detecting a differénce in the proportion of success of 10
percentage points or greater?

Solution:
(i) Hypothesized success rate: 70%
{(ii) True success rate: 80% or 60%
(iid) Leval of significance: 5%
(iv) Power of the test: 90%
() Alternative hypothesis: success rate is not equal to 70%

From Table 4 [See Notes (1)} and (iv)) for the level of significance of 5%,
and a power of 90% with absolute difference of 10 percentage peints, the sample
gize iz given in the column headed "0.30" and row headed "0.10" as 233.

[See Note (v)]

Example 8:

The proportion of patients seeking prenatal care in the first trimester of
pregnancy is estimated to be 40% by figures released by the provincial
department of health. Health officials in another province are interested in
comparing theilr success at providing prenatal ecare with the published figures.
How many women should be sampled in order to test the hypothesis that the
coverage rate is 40% against the alternative that it is not 40%7? It is desired
to be 90% confident of detecting & difference of as much as 5 percentage points
at the 5% level of szignificance.

Selution:
(i Hypothesized success rate: 40%
(i1) True success rate: 35% or 45%
(111) Leve)l of signifiecancae; 5%
(iv) Power of the test: 90%
() Alternative hypothesis: coverage rate is not equal to 40%

From Table & [See Notes (i) and {iv}] for the level of significance of 5%,
and a power of 90% with sbsolute difference of 5 percentage points, the sample
size iz given in the column headed "0.40" and row headed "0.053" as 1022.
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Sample size formulae for Situation 3:

For 1l-sided test-

n - (Zl.aq/[Po(l'Po)} + zlwﬁ«/[Pa(l'Pa)]}z / (PO'Pa)z (3)

For 2-sided test:

B~ (21027 [Po(1-Po)] + 21.8/[Ba(1-Pa)1)2 / (By-Py)2 (4)
[See Note (vi)]
Notes:

(i) Tables giving other choices for level of significance and power
may be found in the proposed revision of the WHO publication:
"Adequacy of Sample Size".

(ii) This is a one-sided test sinece we are interested in refecting the
null hypothesis only when the true cure rate iz larper than the
estimated one,

(iii) If we use this sample size, and if the actual carles rate is less
than 20%, then the power of the test will be larger than 90%,
l.e. we are more than 903 likely to detect that rate,

{iv) Table 4 is used in this example since this is a two-sided test,
That is, we are interested inp rejecting the null hypothesis if
the true success rate is different from the estimated success
rate In either directien.

(v) Columns of Table 4 correspond te the hypothesized proportion
whenever this proportion is less than or equal to 50%. When the
proportion is greater than 50% the table is uged by computing the
complement (1-P) and using it as the column value.

(vi) "Zl.qs2", “Z]1-o" and "z].p" represent the number of standard
errors from the mean and are functions of the confidence level
and power respectively. "e" represents the type-I error
and g represents the type-Il error. These terms will ke fully
explained in the ghove mentioned publication.
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2. TWO SAMPLE STTUATTONS

2.a. Sample 5ize for Estimgting the Difference between Two Proportions
STTUATION &: Estimating the difference between two proportions
(Table % and Notes on page 10)

Minimum sample size for estimating the difference between two population
proportions with absolute precisien.

Required Information and Netation

(1) Anticipated population proportions [Fp and Ps)
(i1} Confidence level {100(l-a)%]
(1ii) Abselute precision [d] (i.e., in percentage peints) required on

either side of the true value of the differences,
(iv) An intermediate calculationm [V = Py(1-P1)+P3(1-F3)] which may be
looked up directly in Table 3a.

Example 9:

What size sample should be selected in each of two groups in order to
estimate a risk difference to within 5 percentage points of the true difference
with 95% confidence, when no reasonable estimate of P{ and P can be made?

[Gee Note (i)]

Solution:
(i) Anticipated population proportions (pex cent): 50%, 50%
(i) Confidence level: 95%
(Lid) Absolute precision: 5 percentage points
(iv) Intermadiate value: [from Table S5a, See Note (1i}] 0.50

From Table %b in the columm headed "5" and the row headed "0.50" it is
found that a sample size of 769 woeuld be needed in each group.

Example 10:

Suppose that in a pilot study of 50 agricultural workers in an irrigation
project, it was observed that 40% had active schistosomiasis. A similar pilot
study of 50 agricultural workers outside the project demonstrated that 32% had
active schistosomiasis infection, If we would like to carry out a larger study
to estimate the true schistosomiasis risk differance te within 5 percentage
peints of the true value with 95% confidence, how many people must be studied in
each of the two groups?

Solution:
{i) Anticipated population prepertions (per cent): 40%, 322
(ii} Confidence lavel: 95%
(iii} Abzolute precislon: 5 percentage points
{iv) Intermeqiate value: [from Table 5a, See Note (ii)] b6

From Table 5b in the column headed "5" and the row headed "0.46" it is
found that a sample size of 707 would be needed in each group.
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Sample size formuls for Situatiom &:

n = 221 _4/2[P1(1-P1) + Pp(l-Pp)]/d2 (5)

[See Note (iii)]

For any absolute precisionm (d), the sample size selected will be
largest when both Py and P; are equal te 50%.

The intermediate calculation P1(1-P1)+F2(1-Fp) as used in
equation (5) may be looked up directly in Table 5a, by entering
the celumn cerresponding to Py (or Lts complement) and the row
corresponding te Py (or its complement),

"Z].g/2" represents the number of standard errors from the mean
and is a function of the confidence level. This term will be
fully explained in the propsed revision of the WHO publication:
"Adequacy of Sample 5ize".
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2.b. Sample Size for Hypothesis Testing for Two Population Proportions
SITUATION 5: Hypothesis testing for tweo population proportions
(Tables 6, 7 and 8, and Naotes en pages 13)

Minimum sample size for testing the hypothesis that twe population
proportions are equal. [For rare events, see Note (1)}

Required Information and Notation

' (i) Hypothesized value of the difference between the population
proportions [F{-Ps =0]
{ii) Actual values of the population proporticms [P and Ppl
(iii} Level of significance [100(=)%]
(iv) Power of tha test [100(1l-8)%]
(v Alternative hypothesis: either Py-Py>0 or Pp-Fp<0
(for one-sided test)
or P1-Fp= O

{for two-sided test)

Example 11:

An investigator believes that the proportion of patients who will develop
complications with one type of surgery is 5% while the proportion of patients
developing complications with a second type of surgery will be 15%. How large
should the sample size be in each of the two groups of patients to detect
whether the second procedure has a complication rate whieh is significantly’
higher than the first at the 5% level of significance with a power of 90%7

Solution:
(1) Hypothesized difference in complication rates: Oz
(ii) Actual complication rates: 5%, 15%
(iii) Level of significance: 5%
{iv) Powar of the test: 90%
(v} Alternative hypothesis: riek difference (first minus second)

ig less than 0%

From Table 6 (for the level of significance of 5%, and a power of 90%)
[See Note (ii)] the sample size ig given in the columm headed "0,05" and row
headed "0.15" as 133 in each group. [See Note (iii)]

Example 12:

In a pllet survey in & developing country, an epidemlolegist compared a
sample of 50 adult subjects suffering from & ¢ertain neurologic disease to a
sample of 50 comparable control subjects who were free of the diszease. Thiruty
of the subjects with the disease (60%) and 23 of the controls (50%) vere
involved in fishing, or fishing-related occupations. Assuming rhat the
preportion of people involved in fishing, or fishing-related eeccupations in the
entire population is similar te that observed in the pilot survey, how many
subjects should be included in a larger study in each of the two groups to have
90% confidence of detecting the true difference between the groups if we will
test the hypothesis at the 5% level?
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Solution:

(1) Hypothesized difference in rates of exposure to fishing 0%
(1ii) Actual exposure rates: 60%, 50%
(iii) Level of significance: 2%
(iv) Power of the tegt: 90%
(v} Alternative hypothesis: risk difference is not equal to 0%

From Table 7 (for the level of significance of 5%, and a power of 90%)
[See Note {(iv)] the sample size is glven in the column headed "0.40" and row
headed "0.10" as 519 In each group. [8ee Note (v)]

Example 13:

Two communities, differing in eXposure to a particular environmenta]
chemical pollutant, are to be identified Ffor sereening for a certain type of
cancer which is believed to be associated with this particular pollutant, A
screening programme for early deteetion of the cancer will be uged on all
permanent resident adulcs aver 33 years of age in the selected communities.

The general incidence rate of the cancer iz believed to he about 20 per 100 000
population (0.0002) in this age group. If the incidence in the exposed
community is about 50 per 100 000 population (0.0005) how many people should be
followed up in each community to have a 90% probability of detecting a
significant differeuce in rhe incidence rates at the 3% level of significance?

Solution:

(i) Hypothesized difference in cancexr rates: 0%

(ii) Actual cancer rates: L05%, .02%
(iii) Level of significance: 5%

(i) Power of the test: 90%

{(v) Alternative hypethesis: risk difference (first minus second)

is greater thgn 0%

From Table 8 (for the level of significance of 5%, and a power of 90%)
{See Note (vi)] the sample size is given in the column headed "0.0002" and row
headed "(,0005" as 63277 in each group. [See Note (i1ii)]

Sample size formulae for Situation 5:

For one-sided test:

no= {2 o/ [2P(1-P)] + 21 g/[P1(1-P1) + Pa(1l-Py)]}12/(P1-Pp)2 (6)
For two-sided test:

n = (21.0/2/(2P(1-B)] + 21.8/[P1(1-P1) + Ep(1-Pp) ]} 3/(R1-Bp)2 (7)

For ¢ne-sided test with rare events:

n= (z].4 + zl_ﬁ)z/[Z(arcsinJPg - arcsinJPl)z] (8)

[See Notes (vii), (viii) and (ixz)]
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For rare events, refer to Example 13,

Thig i=z a one-sided test since we are interested In xejecting the
null hypothesis only when the actual difference (first minus
second} in complication rates is significantly less than zero.

This table is accessed by locking up the smallex proportion in
the ¢olumn and the larger propertion in the row.

Table 7 iz used in this example since this is a two-sided test.
That is, we are interested in rejecting the null hypothesis if
the actual difference in the rates iz net equal to zere i.e, the
first rate is preater than the second, or vice versa.

The necessary sample size is found at the intersection of the
column corresponding to the smaller of Py and (1-P)) and the row
corresponding to Pp-Fo.

Whenever the event under congideration is so rare that the sample
size produced using Table 6 results im the product nPy or nlP;
being less than 5, it is recommended that Table 8§ be used
instead.
"21.q/2", "Zl-o" and "Z)1.g" vepresent the number of standard
errors from the mesn and are funetions of the confldemce level
and power reszpectively. "a" represents rhe type-I error

and A represents the type-Il error, These terms will be fully
explained in the proposed resivien of the WHO publication:
"Adequacy of Bample Size".

The gquantity P is computed as the average of Pp and Pj.

When computing t using Formula (8), Py and Py should first be
converted to radians,
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3. GASE-CONTROL STUDY SYTUATIONS

3. a, Sample Size for Estimating the Odds Ratio with Stated
Precigion £

The odds ratio is the ratio of the probability of occurrence of an event to

that ¢f nonoccurrence. For example using the following notation:
Exposed Unexposed
Dicesse a b
Ne disease c d

the odds ratic is ad/be. [8See Note {i)]

SITUATION 6: Estimating the odds ratio with stated precision
(Table 9 and Notes on page 15)

Minimum sample size for estimating the population odds ratio with relative
pPrecision,

Required Information and Netation

(i) Two of the following quantities should be known:

[See Notes (ii) and (1t1)]
Anticipated Erobability of "exposure for persons with the
dizeagse™ [P1¥],
Anticipated grobability of "exposure for parsons without the
diseage” [P3™} or
Anticipated odds ratio [OR]

(11) Confidence level [L00(1-a)%]

(iii) Relative precision [£] required,

Example 14:

About 30% of a populatien in a defined area are believed to be using water
from suspected contaminated sources. A case control study of cholera is to be
undertaken in the area to estimate the population disease odds ratio to within
25% of the true value which is believed to be approximately 2. What sample
slzes would be needed in the case and contrel groups?

Solution:
(1) Anticipated probability of "exposure given discasge"
[See Note (ii)] ?
Anticipated probability of “"exposure given no diseage" 30%
Anticipated odds ratio 2
(ii) Confidence level [100()-a)%] 5%
(111) Relative precicion [£] required. 25%

From Iable 9c in the column headed "2" and the row headed "0.30" it ig
found that a sample size of 408 would be needed in each group.
[See Note (iv)]
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Sample size Formula for Situation &:

now z29_o/2(1/[P1¥(1-B1™)] + 1/1R2%(1-29™) 11/ (In(1-6) ]2 (9)

Rotes:

(i)

(11)

(iii)

(iv)

(v)

[See Note (v)]

When the number of people affected by the disease is small
relative to the number of people unaffected :

¢ = {a+ec) and

d = (b+td) approximately,
thus the probability of "exposure given no disease" is
approximated by the "overall exposure rate”.
In solving these problems there ate three parameters (P1*, Po*
and OR) but the only two parsemeters necessary for accessing
Tables 9a-9d are Pp* and OR. 1If P1* and Pg* are given, then OR
may be determined by:

OR - [P1*/(1-P1¥)1/(P2*/(1-P2™)].
Similarly, if Pl* anid OR are given, then
Py*¥ = (P1*)/[OR(1-P1¥)+P1¥]

nExposure” refers te any variable suspected of being related to
outcome, "Disease" refers to any outcome.

Tables 9a-9d present & levels of precision for the same level of
confidence (95%). More extensive tables will be available in the
proposed revision of the WHO publication: "Adequacy of Sample
Size".

“z21_a/2" represents the number of standard errors from the
mean and is a function of the confidence level. This term will
be fully explained in the above mentioned publication. The
natural log is dencted "In".
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3.b. Sample Size for Hypothesis Tests for the Odds Ratio

SITUATION 7: Hypothesis testz for the odds ratio
(Table 10 and Notes on page 17)

Minimum sample size for testing the hypothesis that the ropulation odds
ratlo is equal to ene.

Required Information and Notarion

(1) Two of the following quantities should be known:

[See Notes (i) and (ii)]
Anticipated probability ef "exposure for persens with the
diseage™ [Pq7],
Anticipated probability of "exposure for persons without tha
disease" [PQ*] or
Anticipated odds ratio [OR]

(it) Level of significance [100(e)%]

(1ii) Power of the test [100(1-8)%)

Example 15:

In a given large community it iz believed that abeut 30% of the people uze
water from contaminated sources, If & case control study 1s to be undertaken
to test the hypothesis that the odds ratie for cholera in the community is 2, at

the 5% level of sipnificance and a power of 20%, how many chelera cases and
controls should be ztudied?

Solution:
(1) Anticipated probability of "exposure given diseage"

[See Note (i)) ?
Anticipated prebability ef "exposure glven no diseage”
[See Note (iii)] 30%
Anticipated odds ratie 2

(1i) Level of significance 3%

(iii) Power of the test 90%

From Table 10 in the column headed "2* and the row headed "0, 30" ir is
found that a sample size of 176 would be needed in each group.
[See Note (iv))

Sample size formula for Situstion 7:

T 4 20ay2/ (2007 (1-00) Jazy g/ IPIF(1-By¥) 4B (1-P5%) 112/ (B * -y %) 2 (10)

[See Note (v)]
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In solving these problems there are three parameters (Pl*, PQ*
and OR) but the only twe parameters Necessary for accessing
Table 10 are Po* and OR. If P1* and Py* are given, them OR may
be determined by

OR = [P1¥/(L-B1¥)1/1B2%/(1-P™)1.

gimilarly, if P1* and OR are given, then
Po* = (P1¥)/{OR(1-P1*)+P1"],

"Exposure" refers to any variable suspected of baing related to
outcome. “Disease" refers to any cutcome.

The "exposure rate given no disease” iz here approximated by the
"ovarall exposure rate’.

Table 10 presents sample size for o = 5% and power = 90%. More
entensive tables will be available iIn the proposed revision of
the WHO publicatien: "Adequacy of Sample Size®.

"Z}.q /2" and "z} g" represent the mumber of standard eryors

from rthe mean and are functions of the confidence level and power
respeetively. "a" and "A" refer to the type-1 and type-I1

errors respectively. These terms will be fully explained in the
above mentioned publication.
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4. GCOHORT STUDY SITUATIONS

4.a. Sample 8ize for Confidence Interval Estimation of the Relative Rick

Relative rick is generally defined as the ratio of the risk of diseaze or
death among the exposed group of pecple to the unexposed; where risk is the
chance that an event will oceur.

SITUATION 8: (onfidence interval estimation of the relative risk
(Table 11 and Notes on page 19)

Minimum sample size for estimating the relative risk of a disease in a
population with relative precision.

Required Information and Notation

(i) Two of the following quantities should be known :
[See Notes (i)} and (ii)]
Antieipated probability of "disesse for persons with exposure™

[F1],
Antielpated probability of "disease for persons with no exposure"
[P2] or
Antieipated relative risk [RE]
{ii) Confidence level [100(1-a)%]
(iii) Relative preeision [£] required.

Example 16:

Suppoze it is known that a disease is present in 20% of the unexposed
group. What sample size would be needed in each of the twe groups, exposed and
non-expesed, to estimate the relative risk to within 50% of the rrue value,
which 1s believed to be approximately 2, with 958 confidence.

Solution:
(i) Anticipated probability of "disease given exposure"
[See Note (1)) 7
Anticipared probability of "disease glven no exposure” 20%
Anticipated relative risk 2
(ii) Confidence level [100{1-a)%] 5%
(iii) Relative precision [£] required. 50%

From Table 11d in the column headsg "on and the row headed "0,20" it is
found that a sample size of 44 would be needed in each group. [See Note (1iiy]

Sample size formula for Situatien 8:

n = 22) 4/l (1-P1)/B1+(1-P) /Pa] /[ 1n(1-£) ]2 (11)

[See Note (iv)]
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(1)

(ii)

(iii>

(iv)
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In solving these problems there are three parameters (Pp, Pp and
RR) but the only twe necessary for accessing Table 11 are Fp and
RR. If Py and Py are given, then RR may be determined by

RR = F1/Ps.
Similarly, if P; and RR are given, then
Py - P1/RR

"Exposure" refers to any variable suspected of being related to
cutcome, "Disease" refers to any outcome.

Tables 1lla-11d present 4 levels of precision for the same level
of confidence (95%). Mora extensive tables will be available in
the proposed revision of the WHO publicatiom: "Adequacy of
Sample Size".

"221-¢/2" represents the number of standard errors from the
mean and is a function of the confidence level. This texm will
be fully explained in the above mentiomed publication. The
natural log is dencted by "ln".
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4.b. Sample Size for Hypothesis Tests for the Relative Risk

SITUATION 9: Hypothesis tests for the relative risk
(Table 12 and Notes on page 21)

Minimum sample size for testing the hypothesis that the population relative
risk is equal to one.

Required Tnformation and Notation

(i) Two of the following quantities should be known:

[Ses Notes (1) and (1i)]
Anticipated probability of "disease for persons with eXposutre”
[P1],
An%icipated probability of "disease for persons with po exposure"”
[P2] or
Anticipated relative risk [RR]

(ii) Level of significance {100(a)%]

(iti) Power of the test [100(1-8)%]

Example 17:

Two cempeting therapies for a particular cancer are to be evaluated by a
cohort study strategy in a multicenmtre clinical trial. Fatients are randomly
allecated to eithexr treatment A or B and are followed-up for 5 years to record
any recurrence of the disease. Treatment A Iz a new therapy which will be
widely adopted if it can be demonstrated that it cute the rigk of recurrence
after 5 years in half (i.e., ER =.5} over what is currently obszerved with
Treatment B (35% recurrence is presently common). How many patients should he
studied In each of the twe treatment groups to be 90% confident of rejecting the

hypothesis correctly if the test is to be performed at the 5% level of
significance,

Solution:
(i) Anticipated probability of "recurrence given treatment A"
[See Note (1)] 7
Anticipated prebability of "recurrence given treatment B" 35%
anticipated relative risk 0.5
(ii) Level of significance 5%
(iid) Power of the test 20%

From Teble 12 in the column headed "0.5" and the row headed "0.35" it is
found that a semple size of 131 would be meeded in each group,
[See Note (iii)]

Sample size formula for Situation 9:

nom {2) /04 [2P(1-P) 1421 g/ [P (1-P1)+P3(L-Pp)}12/(Py-Pp)2 (12)

[See Note (iv))
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In solving these problems there are three parameters (Fi, P2 and
RR) but the only two necessary for accessing Table 12 are Py and
RR. If Pj and Py are given, then RR may be determlned by

RR - Py/Pp.
Similarly, if P and RR are given, then
Py = Fi/RR.

It should also be noted that BR has a range of 0 toe 1/P2.
"Exposure” refers to any variable suspected of being related to
outcome. "Disease" refers to any outcome.

Table 12 presents sample size for a - 5% and power = 90%, Morxe
extensive tables will be available in the proposed revision of
the WHO publication: T"Adequacy of Sample Size™.

"Zl-a/Z" and "z71.g" represent the number of standard errors

from the mean and are functions of the confidence level and power
respectively. ng" and "g" refer to the type-I and type-1I
errors respectively. These terms will be more fully explained in
the above mentioned publication. P denotes the average of P
and Po.
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5. LOT QUALITY ASSURANCE SAMPLING

SITUATION 10: Acceptance of a pepulation as having a prevalence not exceeding a
specified value
(Table 13 and Notes on page 23)

Determine the minimum gample size which should be selected from a
pepulation of a given size so that if no more than a specified number of
elements with a particular characteristic are found in the sample, the
population can be accepted as having a prevalence of not more than a4 specified
value. [Gee Note (1))

Required Information

(i) Anticipated population prevalence P
(ii) Population size N
(i1i) Acceptable characteristic thresheld in the sample a*
{(iv) Confidence level 100(1ea) s
Example 18:

In a school community of 2500 children how many children should be examined
for malaria parasitaemia so that if no more than two are found to have malaria
parasites it could be concluded, with a probability of 95%, that the malaria
prevalence im the school is no more than 10w?

Sclution:
(1) Anticipated population prevalence 10%
(11) Population size 2500
(iif) Acceptable malaria cases threshold in the sample i
(1iv) Confidence level 95%

From Table 1l3c in the columnm headed "0.10" and row headed 2500 ir is found
that 61 children would be sufficient to examine, If no more than two of rthem
are found to be positive then it could be concluded that the prevalance of
malaria in the school iz ne more than 10%,

Sample size formulae for Bitustion 10:

Salution for n in the Inequalities:
A

YH E s« o« (13)
x~=0

where M = NP, for finite population; or

d
(@ PE(l-pynx o (14)
x=0

for infinite population.
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STTUATION 1l: Decision rule for *rajecting a gample”
(Table 14 and Notes on page 23)

Determine the combination of sample size and thresheld value of the
characteristic in the sample for testing the hypothesis that the population has
a particular proportiom of individuals with the characteristie. {The threshold
value is the maximum acceptable number of individuals with the characteristlc
for acceptance of the hypothesis.) [See Note (i)]

Required Information and Notation

(i) Hypothesized value of the population prepertion [Pyl
(i) Actual value of the population propertion [Pyl
(iii) Level of significance [100{(a)}%]
(iv) Fower of the test [10Q(L-8)%]
Example 19:

Recent surveys of vaccination cewerage status in & large city have
indicated a rate of about 90% of the eligible children having been fully
vaccinated. A number of areas In the city are, however, suspected of having
appreciably lower vaccination levels of about 50% or lower thus requiring
special attention. What minimum sample sizes should be sampled in these areas,
and what threshold value should be used, to test the hypothesls that the
vaccination levels are mot more than 50%, at the 5% level of significance and a
power of 90%?

Solutign:
&9 Hypothesized value of the population proportion 90%
(i1} Actual value of the population proportion 30%
(iit) Level of significance 5%
(1iv) Power of the test 90%

From Table 14b in the column headed "0.30" and the row headed "0.30" it is
found that n=B and d°~5. This means that a sample of & c¢hildren must be taken
in each of the suspect areas and an area would be designated as not having
reached vaccination levels of over 50% if more than 3 children were found te be
fnadequately vaccinated,

Sample size formula for Situation 11:

n-= [zl-qJ{Po(l'PQ)} + z]_w’BJ{Pa(l'Pa>}]2/(P0“Pa)2 (15
and &% = [0Py-21-of{0Po(1-Fp)]]
{See Notes (i1} and (iii))

Notes:

(1) A full discussion of the I0OAS method will be available in the
proposed revislon of the WHO publization: "Adequacy of Sample
size".

(ii) The value of 4% is always rounded down (e.g. 5.3=5; 3.8=5).
y

(iii) "zj_g" and "zj.g" represent the number of standard errors
from the mean and are functions of the confidence lavel and power
respectively. "4" and "A" refer to the type-I and type-Il
errors respectively. These terms will be fully explained in the
sbove mentioned publicatiom.
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6. INCIDENCE RATE STUDY STTUATIONS

6.a. Estimation of Ineidence Rates

SITUATION 172: Estimatien of incidence rates
{Table 15 and Note en page 24)

Determine the minimum sample size required to estimate an Incidence rate to
within specified limite of its true value,

Required Information and Notation

(i) Relative precision £
(ii) Confidence level 100¢1-a)s

How large a sample of patients should be followed up in order to estimare
the incidence rate of the diseasge within 10% of its true value with 95%
confidence?

Solution:
(i) Relative precision 10%
(i1} Confidence level 95%

From Table 15, at the intersection of the row Corresponding to £ - 0,10
and the column corresponding te the 95% confidence level, a sample of 385 ig
indicated,

Sample size formula for Situation 12:

n - (21 49 /812 (16)
[See Nota]

Note:

"Z1.q/2" represents the number of standard errors from the mean
and is a function of the confidence level, This term will be
fully explained in the proposed revision of the WHO publication:
"Adequacy of Sample $ize®,
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6.b. Testing Hypothesis for Incidence Rate

SITUATION 13: Hypothesis testing for incidence rate
(Table 16 and Notes on page 26)

Minimum sample size for testing the hypothesis that the incidence rate of a
characteristic is equal to & particular value.

Required Information and Notation

(i) Hypothesized value of the population incidence rate [Aa]
(i) Actual value of the population incidence rate [Ag]
(Lii) Level of significance [100(a)%]
{(iv) Power of the test [100(1-8)%]
{v) Alternative hypothesis Ag > Ap (0 Az < Ayl
(one-sided test)
or Ag ® Ay
(two-sided test)
Example 21:

The incidence rate of a particular disease based on a 5-year follow-up
of a small number of people is reported to be 40%, What minimum sample size
would be needed to test the hypothesis that the inecldence rate is 40% at the 3%
level of significance? It is desired that the test should have a power of 90%
of detecting an incidence rate of 530% (i.e. rejecting the hypothesis} if in fact
that were the true incidence rate.

Solutiomn:

(i) Hypothesized incidence rate 40%
(ii) Actual incidence rate 50%
(141) Level of significance 5%
(Lv) Power of the test 90%
(v) Alternative hypothesis inecldence rate greatey than 40%

From Table 16b (for the level of significance of 5% and a power of 90%)
[see Note (i1)] in the column headed "0 40" and row headed "0.50" a figure of 169
is given as the minimum sample that would be needed.

Sample size formulae for Situation 13:

For one-slidad test:

no= (Zl.q Ao + 21-8 200270222

For two-slded test:

n = (21.¢/2 Yo + Z1-8 Aa) 2/ (hg-2g)? (18)

[see Note (ii)]
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Notes:

(i)

(ii)

This is a one-sided test since we are interested in rejecting the
null hypothesis only when the actual incidence rate is greateyr
than the hypothesized one. Tables giving other cholces of level
of significance and power may be found inm the preoposed revision
of the WHO publication: "Adequacy of Sample Size".

"Zl-as2". "Z]_a" and "Z1.8" represent the number of standard
errors from the mean and sre functiens of the confidence level
and power respectively. "a"  represents the type-I error

and £ represents the type-II error. These terms will be fully
explained in the above mentioned publication.
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6.c. Sample §ize for Testiog Hypothesis for Two Incidence Rates

SITUATION 14: Hypothesis testing for two incldence rates
{Table 17 and Notes on page 28)

Minfmum sample size for testing the hypothesls that the true incidence
rates in twoe groups of individusls, with a common date of entry in the study but
no prior fixed end point, are equal. [See Note (1)]

Required Information and Netation

(i) Hypothesized value of the difference bstween the population
incidence rates [A1-As = 0]
(ii) Actual values of the Incidence rates [A] and Ag]
(iii) Level of significance [100(a)%]
(iv) Fower of rhe test {100{1-8)%]
(v) Alternative hypothesis: Ap-hs > Q0 {or Ap-dp < Q)
(for one-sided test),
or Ap=Ap = 0

{for two-sided test),
Example 22:

As part of a study of the long-term effect of noise to the workers In a
particularly noisy industry, it is planmed to follow-up a cohort of people who
were recruited into one such factory during a fized period of time, and a
similar cohort of Individuals in an immocuous industry, for the rest of their
lifetime or until their hearing is impsired. How many pecple would be
follewed-up in each group to test the hypothesis that the incidence rates for
hearing impairment in the two groups are the same, at the 5% level of
significance with a power of 80%? The alternative hypethesis is that hearing
impairment in the innocuous industry is not more than the national average of
about 20% whereas in the moisy indusctry it is 2.5 times (i.e. 30%).

Solution:
(i) Hypothesized value of the difference: O
(ii) Incidetice rates: 50% and Z20%
(iii) Level of significance: 5%
(iv) Power of the test: 80%
{v) Alternative hypothesis: incidence rates for the twe groups are

different.

A value of 23 is found in Table 17b as the entry in the column headed
"0 50" and row headed "0 20", [See Note (ii)]

Ssmple size formulae for Situatiom 14:

For l-sided testy:
o= (21 o/ [ (1+k)A2] +21_g/(k321+222)12/(31-29)2 (19)
For 2-sided test:
n = (21.0/2/ [(LHIN2] + 21_p/(kA21#329)12/ (A1-29) 2 (20)

[See Notes (1ii) and (iv)]
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Notes:

(i}

(1i)

(iid)

(iv)

In this situation subjects are inducted in the study and each
followed-up until they either develop the characteristic under
study or cannet be followed-up any more.

*

Start N
of x
Study | =x

where ® = manifestation of characreristic

This iz & two-sided test since we are interested in rejecting the
null hypethesis irrespective of the directiom of the difference
between the rates of the two groups.

"k" iz the number of study subjects in group 2 for each of the
study subjects in group 1. In most studies k = 1 iz uzed; hence
the tables given here and the examples assume a one-to-one
correspondence of study gubjects in both groups.

"Z].a/2", "Z1.o" and "z1_p" represent the number of standard
errors from the mesan and are functions of the confidence level
and power respectively. "#" representz the type-I ertor and
E reprezents the type-II error., fThese terms will be fully
explained in the propesed revision of the WHO publication:
"Adequacy of Sample Size®, A is the average of Ajand As.
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SITUATION 15: Hypothesis testing for two incidence ratas in follow-up studies
(Notes on page 30)

Minimum sample size for testing the hypothesis that the true incldence
rates in the two groups of subjects are equal when subjects are followed-up
until a common date. [See Note (1)]

Required Information and Notation

(i) Hypothesized value of the difference between the population
incidence rates [A1-An = 0]
(ii) Actual values of the incidence rates [A] and Ag]
(iil) level of significance [100(x)%]
(iv) Power of the test [100(1-8)%]
(v} Alternative hypothesis: A-Az > 0 (or Ay1-Ag < 0)
(for one-sided test),
or Xy-dp = O
{for two-sided test).
{vi) Duratien of follow-up peried: [T] {S5ee Note (ii)]
Example 23:

Suppose the study outlined im Example 22 is to be undertaken with the
subjects followed-up for a maximum of 5 years; what would be the required
sample size?

Solution; [See Note (iv}]

(i) Hypothesized value of the difference: 0

(ii) Incidence rates: 50% and 20%

(i1 Level of significance: 5%

(iv) Power of the test: 80%
{(v) Alternative hypothesls: Incidence rates different for twe groups
(vi) Duration of study: 5 years

Using the formula for £()) the intermediate computations give:
f(A = 0.35) = 0.232]
f(Axy = 0.50) = 0,3950
f(ap = 0.20) = 0.1087
And n - (1.96/(2(0.2321)] + 0.9416/(0.3950 + 0.1087)12/(0.5-0.2)2
- 3,7351/0.09 = 41.5

A sample of 42 would be needed for each group. [See Note (iii)}]

Sample size formulae for Situation 15:

For l-sided test:

n = (z1.a/[(LHOE)] + zl_ﬁj[kf()\l)+f(.\2)]}2/(A1—A2)2 (21)

For 2-sided test:
0= (21 g/0d [ (WHRIEQA)] + 21 g/ (KEQD+EO N T/ 0122 (22)

[See Notes (il), (iv) and {v)]
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Notes:
(i)
(i1)
(iii)
(iv)
(v)

In this situation subjects are inducted into the study as they
become available but with & ¢common end of follow-up period.

X
Start end
of x of
Study | __ % Study
| X
. X

where ¥ = manifestation of characteristic

When study subjects are enrelled in the study throughout the
period and stop the follow-up after time T, this controls the
duratien of the study but leads to censored observations. The
hypothesized incidence rates have to be modified accerding to the
formula;

£(A) = A3 T/(AT-1+e- Ty

No tables are given for this situation az the number of
parameters invelved do not lend themselves to easy tabulations.

"k is the number of study subjects in group 2 for each of the
study subjects in group 1. In most studies k = 1 {5 used hence
the tables glven here and the examples assume a one-to-one
correspondence of study subjects in both groups.

"Zl_a/z", "Z].g" and "z1.g" represent the number of standard
errors from the mean and are functions of the confidence level
and pewer respectively. "a" represents the type-T error and
& represents the type-II errer. These terms will be fully
explained in the proposed revision of the WHO publication:
"Adequaey of Sample Sizae". % 1s the average of Ajand As.
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TABLES
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Table la: Sample Size Necessazry to Estimate P to Within g Percartage Point with 95% Confidenca

Antieipated Population Proportion 42

0.40 0.30

9220 8740 go0ee
2305 2185 2017
1025 871 897
517 547 505
369 350 323
257 243 224
139 179 165
144 137 126
114 108 100
23 88 81
77 73 &7
64 61 1]
55 . B2 48
47 45 42
41 39 34
35 32

31 28

27 25

25 23

22 21

20 18

18 17

17 16

16 14

14 13

WO~ W

Table lb: Sample Siza Necessary to Estimate P to Within 4 Percertage Point with 90% Confidetse

Anticipated Population Proportien (B

Q.40 0.35 0.30 0,28 0.20 0.1% 0.10

6494 6156 Seg2 4330
1624 1539 1421 1269 Los3
722 684 632 564 481
406 385 356 17 271
260 247 228 203 274
181 171 158 141 121
133 126 116 104 89
102 a7 89 80 (=1
gl 76 71 63 54
65 &z 57 51 44
54 51 47 42 36
45 43 40 36 30

R =R NI R R A




Table Za: Sample Size Necessary to Estimate P to Within £ Percentage Point with 95% Confidence

Anticipated Fopulation Propartion (F)

0.05 0.10 ©0.15 0.20 0.25 0,30 0.35 0.40 0.456 0.50 0.55 0©.60 0,65 0.70 0.75 0.80 0.85 .90

729004 45744 217691 153664 115245 BOGIS 71344 57624 46953 38416 31432 25611 20686 16464 12806 0604 6780 4269
182476 B6436 54423 08416 28812 22410 17836 14406 11739 9604 7858 6403 BL72 4116 3202 2401 1695 1068
51101 38416 24188 17074 12806 9960 7928 6403 5217 4269 3493 2846 2290 1820 1423 1068 754 475
45610 21609 13606 9604 7203 5803 4459 3602 2935 2401 1965 1601 1293 1022 801 GOl 424
29197 13830 8708 6147 4610 3586 2854 2305 1879 1537 1258 1025 828 669 513 385 272
7200 3458 2177 1537 1153 897 714 577 470 385 315 257 207 1656 128 PG 68
3244 1537 268 083 513 399 317 257 208 171 MO 114 92 74 57 43 3%
1825 865 548 385 289 224 179 144 118 86 73 a4 52 42 3224 17
11e8 554 349 246 186 144 115 23 76 &2 51 41 33 27 21 18 11
8l1 8% 242 171 128 100 80 &4 53 43 35 28 23 19 5 11
556 283 178 126 924 74 59 47 38 32 26 21 17 14 11 8
457 2le 136 96 72 56 45 el 30 24 20 16 13 11 8 &
361 hiral 108 76 37 45 36 29 24 18 1s 13 1 9 7 ]
292 138 a7 62 46 36 29 23 19 1% 13 hal 9 7 ] 4

Table Zbt Sample Size Wecessary to Estimate P to Within § Percentage Point with 90% Canfidence

Anticipated Populstion Proportian (F)

0,05 0.10 ©.15 0.20 0.25 0.30 0,35 0.40 0.45 0.%0 0,55 0.60 0.65 0.70 0.75 0.80 G.83 0.80

514083 243513 163323 108228 §117) 63133 50245 40586 32070 27057 22138 18033 14570 11506 9019 &765 4775 3007
1p8531 60879 38331 27057 20293 15784 12563 10147 8268 6765 5535 4510 1643 2800 2255 1691 1194 752
57121 27057 17036 12026 9019 7015 5584 4510 3673 3007 2480 2005 1619 1289 1003 752 531 334
32191 15220 0583 6765 5074 3946 3141 2537 2067 1691 1384 11283 911 725 564 423 299 )88
coBB4 9741 6133 4930 3247 2526 2010 1624 1323 1083 886 722 583 464 361 271 181 121
5141 2436 1534 1083 812 632 503 406 331 271 222 1Bl 146 116 8], &8 48
2285 1083 682 481 361 281 224 181 147 121 29 8l &5 52 40 30 =22
1286 609 384 271 203 1858 126 102 83 68 56 45 17 29 23 17
823 3920 246 174 130 101 Bl 14 3 44 38 29 24 19 15 11
572 271 171 121 81 71 56 45 37 30 25 20 17 13 10
420 129 126 a2 &7 52 41 34 27 a2z 18 15 12 10 8
32z 153 96 &3 51 40 32 26 21 17 14 12 10 8 &
254 121 76 54 40 32 26 20 17 14 11 b 8 & 5
206 o8 62 44 33 26 20 17 14 11 9 8 & 5 4
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Table 3: Sample Size for One-Sample Estimate
(Ievel of significance: 5%; Dower: 50%; Alternative hypothesig: I-sided)

Test Pr(:mrtim Po
[

Fa 0.05 0.10 .15 0.20 0.25 Q.30 Q.35 0.40 0.45 0,50 0.55 0.60 0,65 0.70 0.75 0.80 Q.85 0,90
G.10 221 378 109 54 33 22 16 1z 10 2 & 5 4 3 3 2 2
0.15 67 362 493 137 66 39 26 18 4 1 - 7 5 4 3 3 2
0.20 34 102 484 G0l 161 75 4 39 ap 15 11 a9 7 L & 3 2
0.25 21 4% 131 589 686 180 a3 48 31 21 15 12 9 7 5 4 3
0.30 15 30 &2 155 676 753 194 8a sp 2o 16 12 b= 7 5 4
0.35 11 20 36 72 178 746 804 2056 92 B1 33 322 s 11 8 & 4
.40 B 14 24 42 po 101 7og B37 211 93 52 32 22 s 11 & 5
0,45 7 1L 17 7 48 86 203 834 853 212 3 51 31 21 14 10 7
0.50 5 8 13 19 20 40 o1 210 852 852 210 91 49 30 13 13 a
.55 4 7 10 1w o2 9 m 51 23 213 gm 834 203 86 46 27 17 101
0.60 4+ 5 8 11 15 22 32 &2 93 211 837 798 191 80 42 24 14
0.65 3 4 ] 8 11 16 22 3:m & 92 205 804 746 176 72 36 20
0.70 3 4 5 7 2 12 1 23 133 50 B8 194 783 676 155 62 30
0.75 2 3 4 E 7 g 12 18 21 31 28 8 180 686 589 131 49
0.80 2 2 3 4 5 7 @ 11 15 20 20 44 75 161 601 484 102
0.85 Loz 3 2 4 5 7 8 11 14 13 328 39 a6 137 408 362
Q.90 i 2 2 3 3 4 5 & 8 10 12 18 22 33 54 19 378
0.95 1 1 2 2 2 3 4 4 L] & 8 10 13 17 25 133 Y85 219

Table 4! Sample Size for Ore~Sample Test of Proportion
(Tevel of significance: 5% Powar: 90%; Altermative hypothesig: 2-sided)

Test. Proportion (Bg)
( Py-F;  0.05 0.10 0.18 0.20 0.25 0.30 0.35 0.40 0.45 0.50
0.01 5352 o782 13682 17057 19906 22229 24026 25208 26045 26266
0.02 1422 2523 3489 4323 5025 5596 6035 6342 6519 6564
0,03 668 1154 1580 1946 2254 2503 2694 2826 2900 2915
0.04 394 867 504 1108 1279 1417 1521 1593 1632 1638
0.05 264 438 588 718 825 912 977 1022 1045 1047
0.10 79 122 158 123 214 233 248 257 260 259
0,15 40 58 74 87 97 105 111 124 115 113
0.20 25 35 43 50 56 60 62 63 63 62
0.25 17 23 29 33 36 38 39 40 39 38
0.30 12 17 20 23 25 26 27 27 26 25
0.35 9 13 15 17 18 19 19 18 18 17
0.40 7 10 12 13 14 4 14 14 13 1z
0.45 6 g 9 10 1L 11 1l 10 10 B
0.59 5 6 7 8 8 g ) 8 7 U
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Table 6: Sample Size for Two-Smmple Test of ion
(Level of significaree: 5%; Power: 90%; Altermative hypothesis: l-sided)
By
P 0.05 0.10 0.15 0.20 0.25 0.30 (.35 0.40 0.45 ©.50 0.55 0.50 0.65 0,70 0,75 0.80 0.85 0,90
0,10 274 748 217 L &7 46 34 26 21 17 14 12 10 B 7 & 5
0.15 153 748 988 273 131 79 53 ki:] 29 23 148 15 12 10 8 7 &
.20 B2 217 983 1193 320 150 B& 59 42 31 a4 19 15 13 10 B 7
0.25 B3 108 273 1193 1355 asg 166 96 63 44 33 25 20 16 13 10 8
0.30 28 &7 131 320 1365 1502 388 177 101 &5 46 33 25 20 15 12 10
0.35 2% 46 7% 180 353 1502 1604 410 185 104 67 46 33 25 19 15 1z
0.40 23 34 53 88 166 388 1604 1673 422 188 106 67 46 33 24 18 14
0.45 19 26 18 59 26 177 410 1672 1707 427 188 104 65 44 31 23 17
0.50 15 21 29 42 [=X] 101 185 422 1707 1707 422 85 101 63 42 29 21
0.55 13 17 23 31 44 565 104 188 427 1707 1673 410 377 213 59 28 28
0.60 11 14 18 24 33 46 &7 106 188 422 1673 1604 g8 166 88 B3 34
0.65 2 12 15 18 25 33 13 67 104 185 410 1604 1502 358 180 79 46
0.70 a 10 12 15 20 25 33 46 63 101 177 388 18502 136s 320 131 &7
0.75 7 B 10 13 16 20 25 33 44 B3 96 LE6 358 1365 1193 273 108
0.80 [ 7 8 10 13 15 19 24 kil 42 59 88 150 320 1143 988 217
.85 5 [] 7 ] 10 1z 15 18 23 2% 38 [7X] 7% 131 273 988 748
&.90 4 5 & 7 8 10 12 14 17 21 26 34 46 67 108 217 748
0.95 3 4 5 & 7 a 9 11 13 15 19 23 29 38 53 a2 153 474
Table 7: Sample Size for Twe Sample Test of froportions
(5% level of significance and 20% power 2-sidad test)
Py or (1-Py)
P10y 0.05 0.10 0,15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

0.01 1092), 19748 27524 34249 39923 44547 48120 50642 52113 52533

0.02 2962 5142 7060 8715 10147 11237 12104 12708 13049 13128

0.03 1418 2375 2216 3939 4547 5037 5411 B667 5808 5831

0.04 £54 13858 1852 2252 2587 2867 3060 3198 3270 3277

0,05 582 418 1212 1464 1674 1843 1969 2083 2095 2095

0.10 188 266 335 392 440 477 503 512 524 512

0.15 101 133 161 185 203 217 227 231 231 227

0.20 65 82 87 109 118 125 128 130 128 125

0.2% a7 57 &5 2 77 81 g2 82 B1 77

0.30 36 42 47 52 54 56 57 13 11 52

0.35 28 33 36 a9 40 41 41 40 39 36

0.40 23 26 28 30 3L 3l 31 30 28 26

0.45 19 21 23 24 24 24 24 23 2L 19

0,50 16 17 19 19 19 ig 19 17 16 14

0.55 14 15 15 16 16 15 15 14 1z 10

0.60 12 12 13 13 13 12 12 1l 2 a




Table 8: Sample Size for Two—Sample Test of Small Froportions
(Level of significance: 5%; Powers 90%; Altermative hypethesis: i-sided)

Py

P 0.0001 0.0003 0.0004 0.0005 0.0010 0.0025 0.0050 0.0075

0,0002 249548 A23789 124756 63377 14006 3327 1335 813
0.0003 70892 433789 GO6226 168502 20021 4005 1499 889
0.0004 42812 124756 596226 768065 31678 4752 1661 262
0.0005 28020 63377 168502 768068 43880 5598 1827 1034
0.00L0 9155 14006 20921 31678 A9880 12658 2795 1411
0.0025 2674 3327 #4005 4752 5598 12688 9947 3181
0.0050 1160 1335 1499 1661 1827 2795 9947 16851
0.007% 728 B13 889 963 1034 1411 3181 16851

0.0100 527 579 624 666 707 91z 1703 4955 23648
0.0200 246 262 276 288 300 352 507 246 1406
£.0300 159 167 174 180 186 211 278 401 561
0.0400 117 2z 126 130 134 149 137 251 326
2.0500 92 26 9% 101 104 114 139 179 222

-

Table 9a: Sample Size Necessary to Estimate the Odds Ratio to Within
10 Percentage Points with 95% confidence

odds Ratio (OR)

o5
%

Q.25 0.50 1.75 3.00

172691 104171 B5a32 47079
86179 L2267 28051 24022
57345 34969 18997 16347
42930 26323 14476 12616
34283 21138 11767 10224
17006 10786 ' 6385 5691
11266 7359 4634 4244

B414 5667 3798 3576
E720 4672 3333 3230
5607 4030 3061 A0EE
4831 3552 2907 2087
4269 3288 2835 3000
3853 3078 2828 3081
3548 2542 2880 3230
3329 2869 2993 3454
3187 2855 3175 3769
3136 3041 3838 4312
3548 3721 8327 7037
5470 6172 10010 13894
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Table 9b: Sample Size Neceseary to Estimate the Odds Ratio to Within
20 Percertage Points with 95% Confidence
Oddz Batio (OR)

py* 0.25  0.30  0.75  1.00 1.25  1.50 1,75  2.00 2.50  3.00  4.00

0.01 38500 23224 18132 15587 14059 13041 12314 11768 11005 10496 986D

.02 1513 11653 9133 7873 7117 - 6614 6254 5984 5607 5356 5042

0.03 12785 7796 6134 5303 4805 4473 4236 4082 3810 3645 3439

0.04 9571 5869 4635 4019 3849 3403 3228 2096 2913 2791 2640

0.03 7643 4713 3736 3249 2957 2762 2634 2520 2375 2380 2182

0.10 3792 2405 1944 1715 1578 1488 1424 1376 1311 1269 1220

0.15 2512 1e4l 1383 1211 1137 1072 1033 1006 269 946 924

0.20 1878 1264 1063 965 208 872 847 230 809 798 731

Q.25 1498 1042 894 823 783 759 743 733 723 720 727

0.30 1250 809 787 735 707 692 633 678 §77 681 699

0.35 1077 801 716 679 660 652 648 649 655 666 696

0.40 952 733 660 643 633 630 632 637 651 669 711

0.45 859 687 639 624 621 624 531 640 662 647 742

0.50 791, 656 624 613 521 630 642 656 637 720 791

0.55 742 640 621 624 635 650 668 687 727 770 859

0.60 711 637 632 543 6632 684 708 733 786 840 452

0.70 699 578 701, 735 774 814 856 899 985 1073 1280

0.80 791 830 804 955 1038 1113 1188 1264 1416 1569 1874

0.90 1220 1376 1544 1705 1887 2080 2232 2405 2751 3088 3792

Table 9c: Sample Size Mecessary to Estimate the Odds Retio to Within
25 Parcertage Poilts with 95% Confidence
Cdds Ratio (OR)

Pt 0.25  0.50  0.75 1.00 1.25 1,50 1.75 2,00 2.50 3.00  4.00
9.01 23164 13973 10900 9378 8459 7846 7409 7081 6621 6315 5833
0.02 11560 7011 5495 4737 4382 3979 3763 3601 3374 3234 3034
0.03 7892 4691 3691 3191 2891 2691 2548 2442 2292 2193 2085
Q.04 5759 3531 2789 2418 2196 2048 1942 1863 1752 1679 1538
0.05 4599 2836 2248 1955 1779 1662 1579 1516 1429 1372 1301
0.10 2281 1447 170 1032 950 895 857 828 789 764 734
0.15 1511 ag7 814 729 678 645 622 605 583 570 556
¢.20 1129 760 640 581 546 525 510 agg 487 480 478
0.25 902 627 538 496 472 457 447 441 435 434 433
0.30 752 541 474 442 4326 416 411 408 407 410 421
0.35 648 482 431 408 397 392 390 350 394 401 419
0.40 573 441 403 3g7 381 178 381 383 392 403 428
.45 517 413 335 375 374 376 380 385 398 414 447
0,50 476 395 a7 372 374 379 387 395 414 434 476
0.55 347 85 374 375 382 391 402 413 438 464 517
.60 428 383 380 387 398 412 426 441 473 506 573
0.70 421 408 412 442 466 490 515 541 593 646 752
0.80 476 499 538 531 625 670 715 760 852 244 1120
0.90 734 B28 929 103z 1135 1239 1343 1447 1655 1884 208l




Table §d: Sample Size Necessary to Estimate the odds ratic to Within
50 Percentage Points with 9%% Confldenca

odds Ratio (OR)
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Tabla 10: Sample Size for a Hypothesis Test of the Odds Ratio
(5% level of significance and 90% powar: 2-tatfl test)

Cdels Ratio (OR)

Py
®

0.75

32118
16155
10835
8177
Go83
3402
2350
1833
1530
1337
1207
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111z
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Table 1la: Sample Size to Estimate the Relative Risk to Within 10 Percentage Points
with 95% Confidenme

Relative Risk (KR)

0.25 Q.50

7

172240 103127
85824 51217
5E985 33814
42566 25263
33914 20072
16611 9690
10843 G225

7953 4499
6229 361
5076 2769
4252 2274
3634 1903
3153 1615
2769 1384
2454 1195
2192 1038
1780 791
1471 606
1230 461,

o~ Min i WSO o0
gOOngWOiﬂOmOlﬂOmhhﬁMH

)

.

OOOOOOOOOGOGOPOPPPO

Table lib: Sample Size to Estimate the Relative Rizk to Within 20 Percentage Polrts
with 95% Confidence

Eelative Risk {RR)

N

1.25 1.50 1.75 2.00 2.50 3.00 £.00

3B432 22991 17848 13733 12704 11969 10647 10133
19134 1l418 8847 G789 6275 5908 5246 4989
12704 7561 5846 4475 4132 3887 346 275
9490 8832 4346 3318 3060 2877 2546 2417
7561 4475 3446 2623 2417 2270 2006 1903
3703 2160 1646 2234 1132 1053 926 874
2417 1389 1046 772 703 654 566 B3l
1774 1003 746 540 439 452 386 360
1389 772 566 401 360 331 278 257
1132 617 446 309 274 250 206 1s9
248 507 360 242 213 152 54 x40
810 424 296 193 157 142 116 103
703 a0 246 154 131 115 g6 T4
617 309 206 123 103 es 02 2l
547 267 173 28 74 &6 42 33
489 231 l4¢ 77 o 48 26 17
387 176 lo3 44 29 12
328 135 71 19 3
274 103 46
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Table llc: Sample Size to Estimate the Relative Risk to Within 25 Percentage Foints
with 95% Confidence

Belative Risk (RR)

.35 0.50

Pt

23117 13833
Al5l2 6870
7643 4349
709 3389
4349 2692
2228 1300
1454 83a
1068 603
830 464
681 371
570 305
487 2565
433 217
371 186
339 160
294 139
239 106
197 3l
165 &2
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Table 11d: Sample Size to Extimate the Relative Risk to Within 50 Percentage Foints
with 95% Confidence

Relative Risk (FR)
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Table 12: Sample Size for a Hypothesis Test of the Relative Risk
(5% level of significance and 90% power 2-sided test)
Relative Risk (FR)

Py 0.25 0.50 0.75 1.25 1.50 1.75 2.00 2,50 3.00 4.00
0.01 2319 6256 29163 37402 10375 5065 3104 1604 1028 568
0.02 1151 3104 14452 12487 5121 2496 1527 787 502 278
0.03 762 2053 9548 12182 3370 1640 1002 515 328 178
0.04 568 1527 7097 9030 2494 1212 739 378 240 120
0.05 451 1212 5625 7139 1969 ans 582 297 188 101
0.10 27 S8z 2633 3356 918 442 266 133 82 42
Q.15 139 371 1702 2005 568 270 161 79 47 23
0.20 101 266 1212 1464 392 185 109 52 30 13
Q.25 77 203 918 1086 287 133 77 15 19 7
0.30 62 161 Taz 834 217 29 56 24 12
0.35 51 131 Raz2 654 187 75 41 16 7
0.40 42 109 477 519 130 56 30 11
0.45 k1 81 395 413 102 42 21 &

0.50 30 77 329 329 77 30 14
0.55 26 &6 276 261 58 pal 8
0.60 23 56 231 203 42 13

0.70 17 41 161 113 17

0.80 13 30 109 46

0,20 10 21 6B »

Table 1%a: Minimm Sample Sizes for Iot Quality Assurance Samplirg
No case acceptable with 85 % confidence

Prevalence

Fop. 0.8 6.7 0.6 0.5 0.4 0.3 0.2 0.1
100 2 3 4 5 & 9 12 25
200 2 3 4 5 6 ) 13 27
1000 2 3 4 5 3 9 14 20
2000 2 3 4 5 6 9 14 29
2500 2 3 4 5 6 9 14 29
5000 2 3 4 5 & a 14 29
10000 2 3 4 5 & 9 14 29
15000 2 3 4 5 é 9 14 29
20000 2 3 4 5 & 9 14 29
25000 2 3 4 5 6 g 14 29
50000 2 3 4 5 6 9 14 29
Infinita 2 3 4 5 3 5 14 29

i
P
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Table 13b: Minimm Bample Sizes for Iot Quality Assurance Sampling
No more than 1 case acoeptable with 95 % confidence

Prevalena

-]

Pop. 0.8 0.7 0.6 0.8 0.4 0.3 0.2 0.;qw
100 4 5 & g 10 14 20 39
200 4 5 & g 10 14 21 42

1000 4 5 =} 8 10 14 22 a5
2000 4 & & ] 10 14 22 46
2500 4 5 [ 8 10 14 22 48
5000 4 5 ] 8 10 14 22 46

10000 4 5 6 ] 19 14 22 46

15000 4 5 6 8 10 14 22 46

20000 4 5 & 8 10 14 22 a8

25000 4 5 & 8 10 14 22 46

50000 4 5 & g 10 14 22 46

mnfinite 4 5 6 8 10 14 22 46

Table 13c: Minimm Sample Sizes for Iot Quality Assurence Sampling
No more than 2 cases acceptable with 95 % confidence
Frevalence

Fop. 0.8 0.7 0.6 0.5 0.4 0.2 0.2 0.1
100 & 7 8 10 13 18 27 50
200 6 7 8 11 14 19 28 55

1600 6 7 8 11 14 19 29 60
2000 [ 7 2] 11 14 19 30 6l
2500 & 7 a 11 14 19 30 [ 8
5000 51 7 8 11 14 12 30 &1

10000 [ 7 B8 1l 14 19 30 &l

15000 (] 7 8 11 14 19 30 61

20000 6 7 8 1 14 18 30 &6l

25000 & 7 9 11 14 19 30 62

50000 ] 7 9 11 14 12 0 62

Infinite & 7 9 11 14 19 30 &2
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Table 13d: Minimm Sample Sizes for Lot (uality Assursnce Sampling

No more than 3 cases acceptable with 95 % confidence

Prevalence

Peg. 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
100 7 9 10 13 1& 22 33 (]
200 7 9 11 13 17 23 35 &7

1000 7 9 11 13 17 24 36 74
2000 7 a 11 13 17 24 37 75
2500 7 9 1l 13 17 24 37 75
5000 7 9 11 13 17 24 37 75

10000 7 9 i1 13 17 24 37 75

15000 7 2 I 13 17 24 37 75

20000 7 9 11 13 17 24 37 76

25000 7 9 11 13 17 24 37 76

50000 7 9 11 13 17 24 37 76

Infinite 7 9 11 13 17 24 37 78

Table 13e: Minimm Sample Sizes for Lot Quality Assurance Sampling

No more than 4 cases acceptable with 95 3 confidence

Prevalence

Pop. 0.B 0.7 0.6 0.5 0.4 0.2 0.2 0.1
100 8 10 12 15 20 26 38 69
200 9 10 13 16 20 27 41 75
1000 9 10 13 18 20 28 43 87
2000 9 10 13 16 21 28 43 B8
2500 9 10 13 16 21 28 43 a9
5000 <] 10 13 16 21 28 &3 B9
10066 9 10 13 16 21 28 44 8BS
15000 9 10 13 16 21 28 44 B9
20000 9 20 13 16 21 28 44 90
25000 9 10 13 16 21 28 44 =14}
50000 9 10 13 16 21 28 44 0
Infinite @ 10 13 16 21 28 44 20




Table 13f: Minimm Sample Sizes for Lot Quality Assurance Samoling
No case acceptable with 90 ¥ confldence

Pravalence

Fop. 0.8 0.7 0.6 0.5 0.4 0.3 0.2 o.1
100 2 2 3 L) 5 7 10 20
200 2 2 3 & L] 7 11 a1
1000 2 2 3 4 5 7 11 22
2000 2 2 3 4 1] 7 11 22
2500 2 2 3 4 5 ? 11 22
5000 2 2 3 4 5 7 11 22
10000 2 2 3 4 ] 7 1l 22
15000 2 2 3 4 5 7 11 22
20000 2 2 3 4 8 7 11l 22
25000 2 2 3 [ 5 7 11 23
50000 2 2 3 4 g 7 1L 23
Infinite 2 2 3 4 5 7 11 23

Table 13g: Minimm Sample Sizes for Lot Quality Assurance Samplineg
No more then 1 cmee acceptable with 90 % confidenoe

Prevalence

Pop. 0.8 ¢.7 0.6 0.5 0.4 0.3 0.2 0.1
100 4 4 5 7 8 11 17 33
200 4 4 3 7 ] 12 1B 35
1000 4 4 5 7 9 12 18 37
2000 4 a 5 7 9 12 18 38
2500 4 4 = 7 9 1z 18 a8
5000 4 4 i 7 9 12 18 38
10000 4 4 8 7 9 12 19 38
15000 4 4 L] 7 ] 12 19 38
20000 4 4 b 7 2 12 18 38
25000 4 4 L3 7 a 12 19 ket
50000 4 4 5 7 2 12 19 38
Infinite 4 4 5 7 £ 12 19 38




Table 12k: Miniwmm Sample Sizes for Lot Quality Assurance Sampling
No more than 2 cases acceptable with 90 % confidence

Prevalence
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Table 13i: Minimm Sample Sizes for Lot Quality Asmramce Sappling
No more than 3 cases acoeptable with 90 % confidernce

Prevalaence
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Table 13j: Minimum Sarple Sizes for Let Quality Assurance Sampling
Yo more than 4 cases acceptable with 90 % confidence
Fravalencae
Fop. 0.8 0.7 0.8 0.8 0.4 0.3 0.2 Q.1
100 8 = 11 14 18 24 35 64
200 -] 9 11 14 18 24 37 71
1000 g 2] 1l 14 18 25 a8 77
2000 1 9 1l 14 18 25 1] 78
2500 8 9 11 14 18 25 38 78
5000 B 9 11 14 18 25 38 78
10000 g 9 11 14 18 28 38 78
15000 B3 19 11 14 1B 25 3B 78
T 20000 -4 10 12 14 18 25 38 78
25000 8 10 12 14 18 25 38 79
50000 g 14 12 14 18 25 38 79
Infinite & 10 12 14 18 25 38 79
Table lda: Sample Size and Decision Rule for IOAS
(5% lavel of significance and 95% power, 1-sided alternative)
By (%)
50 55 &0 65 70 75 80 g5 a0 o5
Pai¥) n a n da n d n d n d n d n a n d n a n a
=} 7 0 6+ 0 * L] * * * * * *
10 1 ;: 2 g: 1 75 1 5; O * * * * * *
15 16 ; & 1z ; 3 1c @ 2 g; 2 67 1 g7 1 * * * *
20 24 7 8y 5 L3 4 w0 3 8; 2 6; 2 5 2 * * *
25 3B ;i3 26; 9 19; 7 147 5 11 : 4 g8 3 6; 2 5; 2 * *
30 62 ;24 40 ;16 27 ;11 19 ; &8 l4:; & 11 : 5 B; 4 6 ; 3 * *
35 115 ; 48 64 : 28 40 : 12 27 ;12 19 ; 9 14 ; 7 W 5 8 4 5: 2 *
40 265 ;118 117 : 54 65 ;32 40 ;20 27 ;14 M@ ;W 13; 7 1.0 6 7: 4 *
45 1077 ;Bl1l 268 ;133 117 ; 60 64 ;34 40 ;22 26 ;15 18 ;11 1z ; 7 87 & 6 ; 4
S0 1077 ;564 265 ;145 116 ; 66 62 ; 36 38 ;23 24 ;15 16 ;10 11 ; 7 7: 5
55 1055 ;606 257 ;183 110 ; 68 59 ; 38 35 523 22 : 15 14 ;10 89+ 6
&0 1012 ;632 243 ;157 102 ; &8 B4 ; 37 31 ; 22 12 ; 14 11 7 8
" 65 947 ;639 224 1156 92 r 66 47 ;35 26 1 20 15 ; 12
70 860 7623 199 ;149 B8O ; 62 39 ;7 31 20 ; 16
75 751 ;582 169 ;135 65 ; 54 29 ; 25
&0 620 ;51%L 133 1113 46 § 40
as 467 ;409 89 ; B0

¥ Saupla size less than 5
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Table 14b: Bample Size ary] Decision Rule for INAS
(5% lovel of significance ard 90% power, l-sided altermative)

Fa (%)

1444

5
o
8
11
15
21
a1
209 7113 S0 49
B33 1476 ? 7118 86

7436 191
745

mE WE MR hn MM wa vp wE

£

5
6
8
11
15
20
29
46
tliz BO
F500 175
e76

Th MR te wa e wh e e e
L T A

L e R LI LTI S Sar ol

5
6
7
a
12
17
24
36
61

7453 130
484

5

7]

B

10

14

20

2%

1103 48
1397 101
L)

b
SR R TR AL RTEY

W e e ME e vk e ne B X % N N ¥ %

-
o
Lit]

AORE N we va e e v B 3 N ¥ N OB OB OB

L]

Sample size less than &

Table l4c: Sample size apd Decision Rale for LOAS
(5% level of significance and 80% power, l1-sided altermative)

Fo (%)

Ps (%)

=
10
15
20
25
30
33
40
45
50
55
60
55
70
75
80
85

S M R R v N e e
NG RNWw R OO

[y
03 B

* %

5
&
a
11
16
23
16
78 65
7339 145
573

(V)
(K]

B A Y

e e e MR WA W4 MR e wp

10
11 14
3 21
36 32
B5 56
7355 124

*
"
*
i
7
+
h
H
i
'
i
h

482 ;

= 3 % %

13
SOl e

P LI TR T S S ¥y

-
Lt

Lo
[+ L

LRI DI TR I B B B O R

¥ ¥ X F % N B R

A hn MR W wa w wn W

il Sl R B O O O B BN B B

¥ zarple size less than 5
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Table l4d: Bample Size and Decision Rule for IOA%
{5% lavel of significance and 50% power, 1-sided alternative)
Fo (%)
a0 55 &0 &5 70 75 80 a5 20 a5

Pa (%) 1 d n a n d n d n da n da n a n 4 n a n

5
L0
13 &
20 8 H
25 11 f
30 17 i1 ¢
25 30 17; 5 10
¥

LIPS ]
-1
* ¥ %
* X 4 *
= k% N OE N O
¥ ¥ ¥ o

LR TR TR T T 3

by
(=]

40 &8 30 ;11 16 10
45 271 ;121 &7 p 20 29
50 268 ;133 65 27
55 260 62
&0 210
&5 227 ;147 51 19
70 203 43
75 173
80 133

8%

o % ¥ % % ¥ N

W

8
;13 13

oAk od N N M N N ¥ N

MNEU‘IMHO
f

M ma wE wn e R wE

e L3

~ mn we wn wn meowe OO N M

SG‘LWI—‘I‘J
]
M e e we

11

A I TR T O T e

o La}
RSN NN
e he wa e
RN
WD 4D B
L
.hﬂu:ua\
e
L
PR TRL
b
o

108 24

~

S vn e v o H R N O N R EOE N N N E

o
v F NN RN R N N RN EE RN

o
~
e =]
)

Wt

1

oo

* Sample size less than 5

Toble 15! Sample Zime to Estimate the Imeidence Rate te Within £ per cent
with 99%, 95% or 0% Confidence

Confidencs levels

g 99% 95% 20%
.01 66348 38417 27057
0.02 16587 9605 6765
Q.03 7372 4269 3007
0.04 4147 2402 1682
0,03 2604 1537 1083
Q.06 1843 1068 752
0.07 1355 784 553
G.08 1037 601 423
.09 820 478 335
0.19 664 385 271
0.12 461 ) 267 188
0.14 338 197 132
0.16 260 A51 106
Q.18 205 119 B4
0.20 166 a7 68
0.22 138 &0 56
Q.24 114 &7 47
0.26 299 57 4L
0.28 85 49 35
0.30 74 43 31
0,32 0h 38 27
0.34 58 34 24
0.36 52 30 21
0.38 46 37 13
0.40 42 25 17
Q.42 38 22 16
.44 35 20 14
0.46 32 18 13
0.43 29 17 12
0.50 27 © 16 13
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Table lea; Sample Size for Ona Sample Text of Incidence Density
(Level of significance: S%; Power: 50%; Alternative hypothesis: 2-sided)

[=]

Aa 0.05 0,10 0.15 0,20 0.25 0.30 0.35 0.40 0.45 0,50 0,55 0.60 0.65 0.70 0.75 0.EO 0.85 0.90
0.1 21 72 28 17 1z 11 10 9 B 8 7 7 7 7 ] [ &
0.15 9 &l 137 47 28 W 1§ 13 12 11 1o g 9 B 8 8 T
0.20 & 21 122 223 72 40 28 21 )7 15 13 1@ I1 10 10 9 2
0.25 5 12 383 204 331 102 55 37 28 2z 19 16 1% 13 12 11 11
0.30 4 9 21 6l 306 439 137 72 47 35 28 23 20 17 16 14 13
0.35 4 7 14 3z 83 430 608 178 91 59 43 33 28 24 21 18 17
0.40 4 & 11 21 45 122 575 779 223 13 72 52 40 33 3B 24 R
0.45 2 5 9 16 20 61 1&a0 741 970 274 137 86 6l 47 38 32 28
0.5Q 3 & 8 12 21 38 79 204 928 1182 331 183 102 72 55 44 37
0.55 3 5 7 10 & 27 48 99 282 1136 416 392 192 119 83 63 B0
0.60 3 4 6 9 1z 21 34 61 122 306 1385 1670 459 223 13137 95 12
.65 3 4 & 8 11 17 26 42 74 147 3es 1615 1945 531 257 157 10B
8.70 3 4 5 710 14 21 32 S1 8% 174 430 1886 2242 608 202 178
0.75 3 4 5 7 9 Iz 17 25 38 &1 104 204 500 2178 2569 691 331
.80 3 4 5 6 8 11 15 21 30 45 71 122 235 575 2491 2898 779
0.85 3 3 4 & 7 10 13 18 25 35 53 B3 140 270 656 2825 3257
0.90 3 3 4 5 7 8 12 16 21 29 41 & 95 160 306 741 3180
0.95 3 3 4 5 & B 11 14 18 24 33 47 69 108 181 345 832 3556

Table léb: Sanple Size for One Sampla Tast of Dnoidercss Demmity
(Level of significance: 5% Powar: 20%; Alternative hypothesiz:  1-zided)

AO

Aa 0,05 0.10 0.15 .20 0.2% 0.30 0.35 Q.40 0.45 0.50 0,55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
Q.10 18 57 21 13 10 8 7 7 & £ ] 5 5 5 =] 5 5
.15 8 5] s 37 21 15 12 10 o 8 7 7 & 2] 6 & 5
0.20 & 18 10z 179 57 31 21 16 13 12 10 ] a 8 7 7 7
©.25 & 11 33 189 265 81 43 29 21 17 14 13 11 10 2 a 8
0.30 4 8 18 51 254 363 109 57 37 27 21 18 15 13 12 1.1 10
0.35 4 7 13 27 74 355 420 142 72 46 33 26 21 18 16 14 12
.40 3 6 10 18 3B 102 474 628 17® 80 57 41 31 25 21 19 16
0.45 3 5 & 14 2% 51 133 &l0 784 220 109 68 48 37 30 2 21
0.%0 3 ] 7 11 18 33 &6 169 763 956 265 130 g1 57 43 34 29
0.5 3 4 & g 14 23 41 83 209 934 1145 315 154 924 66 B0 39
0.60 3 4 6 g 2 18 2 51 102 254 1121 1382 363 179 109 76 57
0.6% 3 4 § 7 10 15 23 36 62 122 302 1328 1576 428 206 125 86
Q.70 3 i 5 7 9 13 15 27 43 74 145 355 1547 1817 480 235 142
0.75 3 3 5 3 11 15 22 33 51 82 169 413 1786 2075 B57 2656
0.80 3 3 4 & 7 o 13 18 26 38 60 102 195 474 2042 2350 628
0.85 3 3 L =] 7 9 12 18 21 30 45 69 117 224 540 2315 2642
0.30 3 3 4 5 6 & 10 14 18 25 35 51 8% 133 254 610 2605

0.95 3 3 4 ) & 7 2 12 16 21 29 40 59 90 18] 286 685 2912
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Table 17a: Saple Size for Test of Equality of Imwidence Densities
(5% level of significance and 90% power Z-sided altermative)
1

As 0.0 0,15 0,20 0.35 0.40 0.45 0.50 0,55 0.60 0.65 0.70 D.75 0.80 0.85 (.90 0.05
0.05 12 11 11 10 10 10 9 ] 9 a .8 9 ]
0.10 19 17 15 14 13 13 12 1z 11 11 11 1 10
0.15 35 a8 23 21 15 17 18 15 14 14 13 13 12
0.20 73 50 38 31 27 23 21 19 18 17 16 15 15
0.25 192 1oL &7 50 40 33 29 26 23 2z 20 19 18
0.30 450 260 134 g7 63 50 41 35 31 28 25 az 22
0.35 1185 339 171 109 78 -l (] a2 37 33 30 27
0.40 1521 428 213 134 95 73 L] 50 43 38 34
0.45 1899 528 280 181 114 87 a9 58 50 a4
0.50 2219 638 311 192 134 101 81 &7 57
0.55 2782 789 367 224 186 117 83 76
0.60 3286 8BS0 428 260 179 134 106
0.65 3833 1032 493 298 204 152
6.70 4421 1185 563 339 231
Q.75 5052 1347 638 382
Q.80 5724 1521 718
0,85 6439 1705
.90 7195

0.85

Table 17b: Sample Size for Test of Equality of Inoiderws Densities
(5% leval of significarce and 80% power 2-sided alternative)
X

(__12 0.10 0,15 0.20 0.35 0.40 0,45 0.50 0.55 0.60 0.65 0,70 0.75 0.80 0.85 0.90 0.95
0.08 2 8 8 7 7 7 7 7 7 7 6 6 &
0.10 14 12 11 10 10 g 9 | 8 ] a g 7
0.15 26 21 17 15 14 1z 12 11 10 0 10 ) 9
0.20 54 37 28 a3 20 17 1s 14 13 12 12 11 1l
0.2% 143 75 S0 37 29 25 2l 1% 17 16 15 14 13
0.30 665 124 100 &4 47 a7 30 26 prc 21 19 17 16
0.35 885 253 128 81 58 45 37 31 27 24 2z 20
0.40 1136 319 159 100 71 54 14 37 a2 28 25
0.45 1418 394 194 120 g5 64 52 43 a7 a2
0.50 1732 476 232 143 100 75 60 50 42
0.85 2078 587 274 167 118 87 89 57
0.60 2454 6656 319 194 134 100 79
0.65 2863 771 368 222 152 113
0,70 3302 8BS 421 253 173
0.75 3773 1006 478 285
0.80 4276 1136 5§
0.85 4809 1273
0.90 5374
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Table 1l7c: Sanple Size for Test of Equality of Incidence Densitles
(1% level of significance and 90% powar Z-sided alternative)
Al
A 0,10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.80 0.65 0.70 Q.75 0.80 0.85 0.9Q0 0.95
Q.05 70 33 23 19 17 16 15 14 14 13 13 13 12 1z 12 12 12 1z
0.10 189 70 43 33 27 23 21 15 18 17 17 16 15 15 15 14 14
0.15 367 122 70 49 39 33 23 26 23 22 20 19 19 13 17 17
0.20 05 189 103 70 53 43 37 33 29 27 25 23 22 21 20
0.25 o003 271 143 94 70 56 47 40 36 33 30 28 26 25
0.30 1260 387 185 132 Be 70 58 49 43 39 35 33 30
0.35 1677 479 242 154 110 1) 70 52 51 46 4l B
0.40 2183 605 301 189 134 103 83 70 &0 53 48
0.45 2689 a7 367 228 160 122 og 81 70 &l
0.50 3284 503 340 271 189 143 134 94 80
0.55 3939 1074 520 317 220 185 131 107
0.60 4653 1260 605 367 263 189 149
D.65 5426 1461 698 421 289 214
0.70 G260 1677 797 479 317
0.7% 7152 1207 903 340
0.80 8105 2153 1016
0.85 9117 2413
0.80 10188
Tabla 17d: Sample Size for Tect of Rguality of Incidence Densities
(1% level of significance and 80% power 2-sided alternative)
1
An 0.10 0,15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 .65 0,70 0.75 0.80 0.85 0.9%0 0.85
0.05 54 25 18 15 13 1z 11 11 10 10 10 10 9 9 9 9 9 9
0.10 148 54 34 25 21 18 16 15 14 13 13 12 12 1l Il 11 11
0.15 288 a5 54 38 30 25 22 20 18 17 16 15 14 14 13 13
0.20 475 148 20 54 41 34 0 29 25 23 21 19 18 17 16 15
0.25 708 212 111 73 54 43 36 31 2B 25 23 21 20 19
0.30 Q8BS 288 148 a5 69 54 45 et} 34 ap 27 25 23
0.35 1316 376 189 120 &6 &7 54 46 40 35 3z 29
0.4Q 1682 475 236 148 105 80 & B4 47 41 37
0.45 2110 586 288 178 125 o5 TG &3 54 48
0.50 2577 708 345 212 148 11l a9 73 &2
0.55 3001 843 407 249 17 129 102 84
0,60 1651 989 475 288 198 148 116
0.65 4259 1146 547 330 226 168
0.70 4913 1316 625 376 256
0.75 5613 1497 708 424
0.80 6361 1689 797
0.85 7155 1894
0.90 7996




