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Figure 2.13. UNSTRATIFIED POPULATIONS: Ca lcul ating (ap p roximat e ly) a Sample Size
One- Stage EPSWOR of Indivi du a l Elements

An impor tant con sid eration in the Pla n of any sample sur vey is the sa m p le size, becau se it det e rmines key feature s of a sur-
ve y su ch as its cos t and the pre c isi on of the estim ato r(s) that lea d to answe rs about respondent popula t ion attribute(s) of int e rest;
precisio n of estim ato rs is a maj or facto r in det e rmining the sev erity of lim itation s im pos ed on answe rs by sample error. Two
ap proaches to choosing the sample size for a sample sur vey are:

* A speci fi cation, in the Pla n fo r the sur vey (i.e., in the Desig n st age of the FDEAC
cycle), of the desi red pre c isi on of the estim ato r(s); a st atement of pre cisio n is
es s entia l ly a speci fi cation of the value of the standard dev iation of the sample ave r age and,
and, becau se s.d.(Y

−) is giv en by equ ation (2.13.1) at the rig ht, if value s of −N and S− are availa ble, n can be calcula ted .

−− In the usual situation whe re se ver al popula t ion attributes are bei ng estim ated in the sa m e survey, the actual sample size
is det e rmine d by the att rib u t e which yields the larges t calcula ted value of n, as det e rmine d by the mag n itude of the vari-
ation of each relev a n t re spons e ov er the ele ments (or units) of the respondent popula t ion and the pre cisio n specifie d fo r
the estim ato r of its att rib u t e.

* A speci fi cation, in the Pla n fo r the sur vey (i.e., in the Desig n st age of the
FDEAC cycle), of the of the to t al cos t of the sur vey ; the sample size
can then be calcula ted usi ng an expre ssi on like equ ation (2.13.2).

Only the fir st of thes e two approaches to calcula t i ng sample size [un d er equ iprobable selecting (EPS)], isp ursue d in this Fig ure
2.13, whi c h deals successiv ely wit h the expre ssi ons for n when estim ating Y

−−, TY− and −P. Not e that all the expre ssi ons dev elo ped
in this Fig ure 2.1 3 are base d on an assump tion of co mplet e re spons e; if the re wil l be non-respons e in the sample sur vey, the
number of units (or ele ments) to be selected must be increa s ed appro priat ely from the calcula ted value of n.

s.d.(Y
−) = S− 1

n − 1
−N

-----(2.13.1)

n =
total budget − fixed costs

cost per unit surveyed
-----(2.13.2)

√

1. Pre cision Specifed as a Pro bab ility Int erval Half-width

Av erage s: To der ive an expre ssi on for n unde r EPS, we con sid er first a speci fi cation of pre cisio n as a statement about the
half-width (h, say) of a probability int e rval; the probability va lue of this inter val shoul d also be giv en but, if it is not, the de-
fau lt wou ld usually be taken as 95%. [A probability int e rval is not to be conf use d with a reg res sio n pre diction in ter val, often also abbre-

vi a ted PI – see pag e 13.44 in Fig ure 13.7 of the STAT 221 Cou rse Mat e ria ls.]

In the diag ram at the rig ht, becaus e the probability int e rval for Y
−

un d er
EPS is Y

−− ± z*α × s.d.(Y
−), if h repre sents the value specifie d fo r the desired

half-widt h of a 100(1 − α)% probability int e rval, we must have:

h = z*α × s.d.(Y
−) [e.g., z*α = 1.95996 −−∼ 1.96 for a 95% probability int e rval (α = 0.05)];

... [s.d.(Y
−

)]
2

= h
2

(zα*)
2 so that: S−2(1

n − 1
−N

) =
−S2

n − −S2

−N
= h

2

(zα*)
2 ; henc e:

−S2

n =
−S2

−N
+ h

2

(zα*)
2 .

... 1
n = 1

−N
+ h

2

(zα*)
2−S2

= 1
−N

[1 + −N( h
zα* −S)

2

] so that: n = −N[1 + −N( h
zα* −S)

2

]
−1

.

Alter native ly, let D =
h
zα*

so that: 1
n = D2

−S2
+ 1

−N
= D2

−S2
[1 + 1

−N
−S2

D
2] and: n =

−S2

D
2 [1 + 1

−N
−S2

D
2]

−1

.

thus, to a fir st ap proxi mation, the requi red sample size is: n0 =
−S2

D
2 = (−S

D
)

2

where: D =
h
zα*

[= s.d.(Y
−

)];

-----(2.13.3)

-----(2.13.4)

-----(2.13.5)

-----(2.13.6)

100(1 − α)% PI

Y
−−

h

i.e., when estim ating Y
−−, the sample size must be rou ghly the squ are of the ratio by whi c h the standard dev iation of the sample

av erage is to be reduced in comparison to the study (or respondent) popula t ion standard dev iation.

The expre ssi on for n0 give s a value that is too large becaus e the ter m which is negle cted, [....]−1
, is less than 1, but it wil l be a

re asonable approxi mat e choic e of sample size unles s the provi sio nal sampling fractio n,
n0/−N, is sub stantia l; wit hou t ap proxi mation (e.g., when n0/−N is subs tantia l), we take: n = n0[1 +

n0

−N
]

−1

. -----(2.13.7)

To tals: When estim ating TY−, we must have: h = z*α × s.d.(−NY
−

) = z*α × −N × s.d.(Y
−

) = z*α × −NS− 1
n − 1

−N
;

re asoning as for the case of aver ages le ads
to a first approxi mation and an ‘e xact’ res ult
fo r the choic e of sample size as:

n0 = −N2−S2

D
2 and n = n0[1 +

n0

−N
]

−1

, whe re: D = h
zα*

.

Proportions: When estim ating −P, we must have: h = z*α × s. d.(P) = z*α × −N
−N −1

−P−Q( 1
n − 1

−N
); (−Q = 1− −P)

re asoning as for the case of aver ages le ads
to a first approxi mation and an ‘e xact’ res ult
fo r the choic e of sample size as: n0 =

−P−Q
D

2 and n = n0[1 +
n0−1

−N
]

−1

, whe re: D = h
zα*

.

-----(2.13.8)

-----(2.13.9)

√

√

Althou gh the three pairs of expre ssi ons in equ ation s (2.13.6) to (2.13.9) abov e fo r n0 and n are show n as bei ng exact, they
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are base d on the Cent r al Li mit Theorem appr oximation fo r the assume d no rma lity of the random variable s Y
−

and P repre sent-
ing the ave r age or pro por tio n base d on n unit s obtain ed by equ iprobable selecting. Howeve r, more immediat e diffic ulties in us-
ing thes e ex pre ssi ons in pra ctice are that, when estim ating Y

−− or TY−, knowledge of the value of S− is needed and, when estim at-
ing −P, its value miu s t (a l rea dy) be known. Ways of trying to deal wit h thes e diffic ulties are as fol low s :

* a suitable value for S− or −P may be availa ble from a pre vious survey;

* it may be pos sib le to estim ate S− or −P fr om a pi l ot sur vey or preli minar y sa m p le;

* when estim ating −P, a ‘w orst-case’ calcula t ion of sample size usi ng −P = −Q = ½  may be accep table;

* there may be cases whe re the approxi mat e ra nge of the value s of the respons e is known and a value for S− can be taken as
ra nge/k, whe re k wou ld typically be taken as 4 or 5 or 6;

* it may occasio nally be pos sib le to use pr obabi lis tic consid eration s – for exa mple, for a Poi sson process, the standard dev ia-
tion is the squ are root of the mean.

Three other matt e rs are:

−− the first th ree of thes e fiv e st r ategie s are gen erally the more useful ones;

−− the requi rement for knowledge in the Pla n, at the design st age of the FDEAC cycle and pr ior to executing the sample sur-
ve y, may make it diffic ult to choos e a realis ti c value of n.

−− if we set −P = −Q = ½  and put z*α = 2 (co rre sponding to a  95. 5% or about a 95½% proba-

bility value), the expre ssi on (2.13.8) ov erleaf at the bottom of pag e 2.93 for n0 when estim at-
ing a pro por tio n beco m e s n0 = ½ ×½/h2/22 = 1/h2; value s of n0 fo r different value s
of h from this expre ssi on are show n in Table 2.1 3.1 at the rig ht. Each value of n0

repre sents a rea dily-calcula ted first approxi mation to the maximum (i.e., the ‘wo rst-
ca s e’) sample size needed (assuming complet e re spons e) to estim ate a pro por tio n to
within 100 h perc ent age poi nts wit h abou t 95½% probability. Exc ept for a change to
95½% (rather than 95%) probability, Table 2.1 3.1 is base d on essentia l ly the sa m e
id e as as the infor mation giv en in Not e 11 and Table 2.1 0.3 at the upper rig ht of pag e 2.85 in Fig ure 2.1 0.

Ta ble 2.13.1
h n0 h n0

0.010 10,000 0.0 40 635
0.01 5 4,444 0.0 45 494
0.020 2,500 0.050 400

0.025 1,600 0.060 278
0.030 1,111 0.075 178
0.035 816 0.1 00 100

Example 2.13.1: Sup pos e it is known from previous inv estig a t ion s that the standard dev iation of the weight gain ove r the pe-
riod 0-4 weeks of life for a certain bre e d of chi ck is about 6 grams. For a new die t, it is desired to estim ate

TY−, the to t al weight gain ove r the per iod 0-4 weeks, for a popula t ion of 1,000 of the chicks.

(a) Fin d the number of chi cks that shoul d be selected equ iprobably to be able to estim ate TY− to wit hin 1 kg
with 95% probability.

(b) What assumption abou t the effect of the new die t un d erlie s this calcula t ion of sample size?

Solution: (a) This que s tion involves calcula t i ng a sample size when estim ating TY− with S− = 6  grams.

We hav e: −N =1,000, S− = 6  grams; als o, we set :

h = 1 kg = 1,000 grams, z*α = 1.95996 for 95% probability, so that: D2 = h
2

(zα*)
2 =

1, 000
2

1. 95996
2 −−∼ 260 319.

He n ce, when estim ating TY−: n0 = −N2−S2

D
2 =

1, 000
2× 6

2

260,319
= 138.29 −−∼ 138;

n = n0[1 +
n0

−N
]

−1

=
138. 29

1 + 138. 29/1, 000
= 121.49 −−∼ 122;

i.e., a sample size of aroun d 122 chi cks is needed to estim ate TY− to wit hin 1 kg

(b) The assumption is that the new die t does not change the s.d. of the chicks’ weight gain ove r the 0-4
we ek per iod.

Example 2.13.2: An inv estig a t ion is to be unde rtake n to estim ate Y
−−, the aver age amou nt of a popula t ion of 1,000 accou nts;

there has been no previous sur vey of the accou nts but a person wit h consid erable wor k ex per ienc e in the
area knows that their amou nts lie gen erally wit hin a $100 range. Fin d the number of accou nts that shoul d be
obtain ed by EPS to estim ate Y

−− to wit hin $3 wit h 90% probability.

Solution: This que s tion involves calcula t i ng a sample size when estim ating Y
−

; no value is giv en directly for S− but we
can obtain a rough value usi ng the usual ra nge of accou nt value s ($100) give n in the stat ement of the que s-
tion and the fo urth of the five sugge s tion s (*) lis ted above.

We hav e: −N =1,000, S− −−∼ 100
5

= $20;

also, we set : h =  $3, z*α = 1.64485 for 90% probability, so that: D2 = h
2

(zα*)
2 = 32

1. 644852
= 3.326 518 .
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Figure 2.13. UNSTRATIFIED POPULATIONS: Ca lcul ating (ap p roximat e ly) a Sample Size (c o ntinue d 1)
One- Stage EPSWOR of Indivi du a l Elements

Solution:
(c o nt.)

He n ce, when estim ating Y
−−: n0 =

−S2

D
2 =

20
2

3. 326 518
= 120.25 −−∼ 120;

n = n0[1 +
n0

−N
]

−1

=
120.25

1 + 120.25/1, 000
= 107.34 −−∼ 107;

i.e., a sample size of aroun d 107 accou nts is needed to estim ate Y
−

to wit hin $3 wit h 90% probability.

NO TE: 1. The crude method use d to obtain a value for S− in Example 2.1 3.2 means that the res ulting sample size of
arou nd 107 is only a rough guid e-
li ne; we cou ld als o have use d:

S− −−∼ 100

4
= $25, lea ding to: n0 −−∼ 188, n −−∼ 15 8 .

OR : S− −−∼ 100

6
= $162/3, lea ding to: n0 −−∼ 84, n −−∼ 77.Thus, it mig ht be prudent in

ci r c umstanc es li ke those of Exa mple 2.1 3.2 to car r y ou t a pi l ot survey wit h perhaps 10 or 20 accou nts (i.e.,
10 -20% of the tent ative over all sample size) to obtain a better value for S− as the basis for calcula t i ng n.

Example 2.13.3: In a unive rsity wit h a tot al of 20,000 students, a sample sur vey is to be car rie d ou t to estim ate −P, the pro por-
tion of students who find that the availa ble athle tic facilit ies are adequ ate.

(a) Fin d the number of students that shoul d be selected equ iprobably to be able to estim ate −P to wit hin 5
perc ent age poi nts wit h 99% probability.

(b) What assumptions un d erlie this calcula t ion of sample size?

Solution: (a) This que s tion involves calcula t i ng a sample size when estim ating −P.

We hav e: −N = 20,000; wit h no infor mation bou t a value for −P, we take −P = −Q = ½; als o, we set :

h = 5 percent age poi nts = 0.05 and z*α = 2. 57583 for 99% probability, so that: D2 = h
2

(zα*)
2 = 0. 05

2

2. 57583
2

= 0.000 376 795 42.

He n ce, when estim ating −P: n0 =
−P−Q
D

2 = 0. 5× 0. 5
0.000 376 795

= 663.49 −−∼ 664

n = n0[1 +
n0−1

−N
]

−1

=
663.49

1 + 662.49/20,000
= 642. 22 −−∼ 642

i.e., a sample size of aroun d 640 students is needed to estim ate Y
−− to wit hin 5 percent age poi nts wit h 99% probability.

(b) Two assumption are:

• −P = −Q = ½, a ‘w orst case’ assump tion when the re is no infor mation abou t the value (anticip ated) fo r −P;

• re spondents giv e truthfull answe rs – the re may be a endenc y fo r re spondents to expre ss dissatisfac-
tion wit h the athle tic facilit ies on the basis of unre a lis ti c ex pectation s of what is (id e a l ly) desir able.

NO TE: 2. In place of the ‘wo rst case’ −P = −Q = ½, sample size calcula t ion s fo r two othe r −P vslu es are:
−P = 0.3, −Q = 0.7 lea ding to: n0 −−∼ 557, n −−∼ 542.

OR : −P = 0.1, −Q = 0.9 lea ding to: n0 −−∼ 239, n −−∼ 236.

Thus, as in Exa mple 2.1 3.2, it mig ht
be prudent to carry out a pi l ot
survey wit h perhaps 50 students
{i.e., 10% of the ‘wo rst case’ sample size) to obtain a better value for −P as the basis for calcula t i ng n.

2. Two Other Specifications of Pre cision

The res ult s deve loped on the first sid e (page 2.93) of this Fig ure 2.1 3 fo r calcula t i ng a sample size when estim ating Y
−−, TY− or

−P un d er equ iprobable selecting can also be use d if the que s tion is pos ed wit h eit her of two mino r variation s:

* the speci fi cation of pre cisio n is the ( full) widt h (w ) [r ather than the half-
widt h, h] of a probability int e rval – see the diagr am at the rig ht; the for-
mu lae on pag e 2.93 in equ ation s (2.13.6) to (2.13.9) can be use d in this situ-
ation by replaci ng h by w/2 when calcula t i ng D.

* the speci fi cation of pre cisio n is the sta n dar d devi ation of the estim ato r
rather than a stat ement about a probability int e rval; the previous for mulae can be use d he re if D is taken as the speci fi ed
st andard dev iation in stea d of h/z*α.

100(1 − α)% PI

Y
−−
w (= 2h)

Example 2.13.4: Sup pos e it is known from previous inv estig a t ion s that the standard dev iation of the weight gain ove r the pe-
riod 0-4 weeks of life for a certain bre e d of chi ck is about 6 grams. For a new die t, it is desired to estim ate

TY−, the to t al weight gain ove r the per iod 0-4 weeks, for a study popula t ion of 1,000 of the chicks. Fin d the
number of chi cks that shoul d be selected equ iprobably to be able to estim ate TY− with a sta n dar d devi ation
of 1 kg.
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Solution: This que s tion has the sa m e cont ext as Exa mple 2.1 3.1 on pag e 2.98 – we hav e to calcula te a sample size
when estim ating TY−; the di ffere nce fr om Exa mple 2.1 3.1 is that the speci fi cation of pre cisio n is in ter ms of
the sta n dar d devi ation of the estim ato r, not the half-widt h of a probability int e rval. We proceed as in the
solu tio n of Example 2.1 3.1, exc ept that the calcula t ion s are somewhat si m p ler becaus e we are gi ven the value
of D, rat her than havi ng to calcula te it from h and z*α.

We hav e: −N =1,000, S− = 6 grams, and we set D = 1 kg = 1,000 grams.

He n ce, when estim ating TY−: n0 = −N2−S2

D
2 =

1, 000
2× 6

2

1, 000
2 = 36;

n = n0[1 +
n0

−N
]

−1

=
36

1 + 36/1, 000
= 34.75 −−∼ 35;

i.e., a sample size of aroun d 35 chi cks is needed to estim ate TY− with a standard dev iation of 1 kg.

NO TE: 2. The calcula ted sample size is much sm aller in Example 2.1 3.4 than in Exa mple 2.1 3.1, reflecting a speci fi ca-
tion of 1 kg bei ng less string ent as a standard dev iation than as a probability int e rval half-widt h. In fact, it is
abou t on e half as str ing ent (Why?), res ulting in a sample size rou ghly one qu arter (i.e., one half square d) as
large in Exa mple 2.1 3.4. (Why?)

3. Relative Pre cision

The dis cus sio n so far in this Fig ure 2.1 3 is con cer ned with choosing a sample size on the basis of an abso l ute specific ation
of pre cisio n ; i.e., the speci fi cation makes no referenc e to th e magn itude of the study popu lation attribute bei ng est imate d. An
alter native is a rela tive specific ation of pre cisio n, whi c h do es involve the mag n itude of the att rib u t e.

NO TE: 3. The idea of rela tive (a s co mpare d to abso l ute) mag n itude is illust r ated by comparisons made throu ghout the arti-
cle s abou t 1990 and 1995 Cana dian income data from the 1996 census, reprint e d in Fig ure 2.2f of the Cou rse Ma-
ter ials. For ins tanc e, in the thi rd parag raph of the middle colum n of the first sid e (page 2.31) of that Fig ure, it is
st ated that : While average ear nings fel l in all educa tion categ ories, the steep est declin e – 8.2 per cen t – was for
peop le wit h less than a Gra de 9 educa tion. The 8.2 per cent means that the decli ne in the relev a n t av erage inco m e
wa s an amou nt that was 8.2 one-hundre dths of the mag nitude of that average – we wou ld need to know the va lue
of that ave r age before we cou ld find the abso l ute amou nt of the decli ne.

Av erage s: When estim ating Y
−−, a speci fi cation of rela tive precisio n st arts alg e-

braically as shown in equ ation (2.13.1 0) at the rig ht and diag ramati c a l ly bel ow it,
where some mul t i p le (r) of Y

−− is now the desired half-widt h of a 100(1 − α)%
probability int e rval. Typically r wou ld be a number appre ciably sma l ler than 1;
fo r in stanc e, r wou ld be 0.05 to estim ate Y

−− to wit hin 5% of its mag n itude.

Re asoning as for the case of the cor responding abso l ute speci-
fic ation giv en on the first sid e (page 2.93) of this Fig ure
2.13 lea ds to the first approxi mation and the ‘ex act’ res ult
fo r the calcula ted sample size at the rig ht in equ ation (2.13.11).

100(1 − α)% PI

Y
−−

rY
−−

rY
−− = z*α × s.d.(Y

−
) -----(2.13.1 0)

n0 =
−S2/−Y2

= (−S/−Y)
2

and n = n0[1 +
n0

−N
]

−1

r2/(zα*)2 r/zα*
-----(2.13.11)

To tals: When estim ating TY−, we must have: rTY− = z*α × s.d.(−NY
−

) or: r−NY
−− = z*α ×−N× s.d.(Y

−
); -----(2.13.1 2)

after canc elling the −N fr om the left- and rig ht-hand sid e s of equation (2.13.1 2), it becomes the sa m e as equ ation (2.13.1 0), the
st arting poi nt when estim ating Y

−−,. Thus, for a speci fi cation of rela tive precisio n, the expre ssi ons for n0 and for n are the same
when estim ating ei ther Y

−− or TY−.

Proportions: When estim ating −P, we must have: r−P = z*α ×s. d.(P) = z*α × −N
−N −1

−P−Q( 1
n − 1

−N
);

re asoning as for the case of aver ages le ads to a first
ap proxi mation and an ‘e xact’ res ult for the choic e of
sample size as in equ ation (2.13.1 3) at the rig ht.

n0 =
−Q/−P

(r/zα*)
2 and n = n0[1 +

n0−1

−N
]

−1

-----(2.13.1 3)

√

Ta ble 2.1 3.2 at the top of the facing pag e 2.101 sum marizes the res ult s de riv ed in this Fig ure 2.1 3 fo r calcula t i ng a sample
si ze to meet a speci fi cation of pre cisio n of an estim ato r ex pre sse d in ter ms of the half-widt h requ ire d fo r a probability int e rval;
the popula t ion attribute in the first colum n, and the popula t ion refer red to in the nume r ato rs of the six first-approxi mation ex-
pres sio ns in the secon d and fou rth colum ns, denot e the respondent popula t ion or the study popula t ion, depending on con tex t.
Re call that a co effici ent of var iation (c.v.) is the quotien t of a sta n dar d devi ation and the cor res pon ding average or mea n.
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Figure 2.13. UNSTRATIFIED POPULATIONS: Ca lcul ating (ap p roximat e ly) a Sample Size (c o ntinue d 2)
One- Stage EPSWOR of Indivi du a l Elements

Ta ble 2.13.2
Po p u lat ion Abso lut e Specification of Pre cision Relative Specification of Pre cision
At tribute First Approximat ion (n0) ‘E xac t’ Result (n) First Approximat ion (n0) ‘E xac t’ Result (n)

Y
−−

TY−

−P

(
s. d. of study population response

s. d. of sample average
)
2

−N
2(

s. d. of study population response

−N × s. d. of sample average
)
2

(
s. d. of study population proportion

s. d. of sample proportion
)
2

(
c. v. of study population response

c. v. of sample average
)
2

(
c. v. of study population response

c. v. of sample average
)
2

(
c. v. of study population proportion

c. v. of sample proportion
)
2

n0[1 + n0

−N
]

−1

n0[1 + n0

−N
]

−1

n0[1 + n0

−N
]

−1

n0[1 + n0

−N
]

−1

n0[1 + n0−1
−N

]
−1

n0[1 + n0−1
−N

]
−1

We see that the main differenc e between choic e of sample size unde r ab s olu t e and rela t ive speci fi cation s of pre cisio n is that the
fo rme r ent ails knowledge of sta n dar d devi ations wherea s the latt e r ent ails knowledge of co effici ents of var iation. It is not the
ca s e that one of thes e requ irements is always the more diffic ult to meet – in some situation s, infor mation on a standard dev ia-
tion by itself may be more acces sib le whe rea s, in other situation s, it may be easie r to acqui re a value for the size of a standard
devi a t io n in rel ation to the size of the cor responding ave r age.

There are two othe r matt e rs of int e rest in the case of pr oportions:

1. Units of percen t age poi nts refle ct absolu t e precisio n, units of percen t refle ct rela t ive pre cisio n.

2. The for mulae for n0 fo r ab s olu t e and rela t ive speci fi cation s of pre cisio n have sub stantia l ly different implication s in the value s
they yield; as illust r ated in the fol low ing Table 2.1 3.3, a requi rement for high rel ative precisio n when estim ating a sm all
value of −P may lea d to (unre a lis ti c a l ly) large value s fo r the calcula ted sample size.

Ta ble 2.13.3 Fo r −P = 0.02 0.05 0.1 0 0. 30 0.50 0.7 0 0.90 0.95 0.98

(a bsolu t e) −P estim ated to wit hin 5 percent age poi nts: n0 = 30 73 138 323 384 323 138 73 30
(r ela t ive) −P estim ated to wit hin 5 percent: n0 = 75, 292 29,1 95 13,829 3,585 1,537 659 171 81 31 ;

the calcula t ion s fo r the table are base d on setting h = r =  0.05 and z*α = 1.95996 so that: D
2
= h2/(z*α)

2
= 0.000 6508 = r2/(z*α)

2
.

Example 2.13.5: Sup pos e it is known from previous studie s of a cer tain bre e d of chi ck that, ove r the per iod 0-4 weeks of of
li fe, the weight gain has an ave r age of abou t 65 grams and a standard dev iation of abou t 6 grams. For a
new die t, it is requi red to estim ate TY−, the to t al weight gain ove r the per iod 0-4 weeks, for a popula t ion
of 1,000 of the chicks.

(a) Fin d the number of chi cks that shoul d be selected equ iprobably to be able to estim ate TY− to wit hin 2% of
it s value wit h 95% probability.

(b) What assumption abou t the effect of the new die t un d erlie s this calcula t ion of sample size?

Solution: (a) This que s tion has the sa m e cont ext as Exa mples 2.1 3.1 on pag e 2.98 and 2.1.4 on pag es 2.99 amd 2.100
– we hav e to calcula te a sample size when estim ating TY−; the di ffere nce fr om Exa mple 2.1 3.1 is that the
specific ation of pre cisio n is rela tive, not ab s olu t e. We proceed as in the solutio n of Example 2.1 3.1, ex-
cept that the calcula t ion s involve the addit ion a l infor mation in the stat ement of the que s tion abou t the av-
er age weight gain on the old diet.

We hav e: −N =1,000, Y
−− = 65 g, S− = 6  grams;

also, we set : r = 2% = 0.02, z*α = 1.95996 for 95% probability.

He n ce, when estim ating TY−: n0 = (−S/−Y)
2
=

r/zα*
( 6/65

0. 02/1.95996
)

2

= 81.83 −−∼ 82;

n = n0[1 + n0

−N
]

−1

=
81. 83

1+ 81. 83/1, 000
= 75.64 −−∼ 76;

i.e., a sample size of about 76 chi cks is needed to estim ate TY− to wit hin 2% of its value wit h 95% probability.

(b) One assump tion unde r lyi ng the calcula t ion of sample size in (a) is that the coefficie n t of variation of
weight gain is the sa m e un d er the new die t as unde r the exi sting die t; if this assump tion is not met, the
calcula ted sample size wil l be inaccur ate.

It is unli kely that the standard dev iation and the coefficie n t of variation of weight gain are eq ually sensit ive
to change in die t, so the assump tion s in the (b) par ts of Exa mples 2.1 3.1 and 2.1 3.5 are most likely not equi-
valent; this rem inds us that extra-statis ti c a l know ledge may be needed to assess a model ling assump tion.
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NO TE: 4. The value (82) of n0 in Example 2.1 3.5 is somewhat sm aller than that (138) in Example 2.1 3.1; this reflects
the somewhat less st ringe n t specific ation of pre cisio n in the for mer – an approxi mat ely 9-fol d re duction in
the coefficie n t of variation – than in the latt e r – nearly a 12-fol d re duction in the standard dev iation.

Example 2.13.6: In a unive rsity wit h a tot al of 20,000 students, a sur vey is to be car rie d ou t to estim ate −P, the pro por tio n of
students who find that the availa ble athle tic facilit ies are adequ ate.

(a) Fin d the number of students that shoul d be selected equ iprobably to be able to estim ate −P to wit hin 5
perc ent age poi nts wit h 95% probability.

(b)" Fin d the number of students that shoul d be obtaine d by EPS to estim ate −P to wit hin 5 percent wit h
95% probability.

(c ) What assumptions un d erlie thes e calcula t ion s of sample size?

Solution: (a) This que s tion has the sa m e cont ext as Exa mple 2.1 3.3 on pag e 2.99 – we hav e to calcula te a sample size
with an abso l ute specific ation of pre cisio n when estim ating −P; we are giv en no infor mation abou t an an-
ti cip ated mag n itude for −P and so we hav e no value for the popula t ion standard dev iation. We are the re-
fo re in the posit ion of hav ing to do a ‘w orst case’ calcula t ion usi ng −P = −Q = ½.

We hav e: −N = 20,000, −P = −Q = ½.;

also, we set : h = 5% = 0.05, z*α = 1.95996 for 95% probability,

so that: D2 = h
2

(zα*)
2 = 0. 05

2

1. 95996
2 = 0.00 650 797 075.

He n ce, when estim ating −P: n0 =
−P−Q
D2 = ½ ×½

0. 000 650 797
= 384.1 4 −−∼ 385;

n = n0[1 + n0−1
−N

]
−1

=
384.14

1 + 383.14/20,000
= 376 .92 −−∼ 377;

i.e., at wors t, a sample size of aroun d 380 students is needed to estim ate −P to wit hin 5 percent age poi nts
with 95% probability.

(b) This que s tion involves calcula t i ng a sample size wit h a rela tive specific ation of pre cisio n when estim ating
−P; we are giv en no infor mation abou t an anticip ated mag n itude for −P and so, unli ke (a) , we are not able
to calcula te the sample size.

(c ) One assump tion is that people tel l the truth – in que s tion s abou t adequacy in sample sur veys like this ,
re spondents have a tendenc y to ask for a lev el of facilit ies that, realis ti c a l ly, may not be achievable.

NO TE: 6. The reduction in the probability from 99% in Exa mple 2.1 3.3 to 95% in this Example 2.1 3.6 res ult s in a
(s ubs tantia l) re duction in the calcula ted sample size in par t (a) from 642 to 377.

A final com ment is that this Fig ure 2.1 3 is base d on the idea l of bei ng able to speci fy the pre cisio n requ ire d, or the maxi-
mu m cos t which can be sust aine d, in the Pla n fo r a sample sur vey, and of then calcula t i ng an appro priat e sample size; the goa l
is to avo id waste of resou rces eit her by inv estig a t i ng too many elem e n t s or by obtaining estim ate(s) of too low a pre cisio n fr om
inve s tig a t i ng too fe w. In pr act i ce, this goa l us u ally inv olves a number of oth er matt e rs, inclu ding:

* qu antifyi ng the cos t st ructure of sampling (i.e., selecting, responding, mea s uring and estim ating) un d er a giv en Pla n;

* de cid ing on the rela t ive impor tanc e of conflicting Pla n requ irements for a variety of popula t ion respons e variat es that wil l
us u ally be inv olved in a sample sur vey ;

* assessing what pre cisio n woul d be accep table for each respons e;

* fin d ing sou rces for value s to use for popula t ion attributes like standard dev iation s.

Su ch matt e rs may int roduce con sid erable complication s in t o the (si mplifie d) id e as pre sent e d in this Fig ure 2.1 3.

Comment criti c a l ly on the fol low ing statement: The formula for the firs t appr oximation for the calcu lated sample size
wh en est imating TY− under an ab s olu t e sp eci fica tion of pre c isi on con t ain s a term −N2 in its numer ator and so will often lead to

ve ry large values for n0.

1
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Figure 2.13. UNSTRATIFIED POPULATIONS: Ca lcul ating (ap p roximat e ly) a Sample Size (c o ntinue d 3)
One- Stage EPSWOR of Indivi du a l Elements

4. Appendix: Tr ee Diagram Summary of Pre cision Specifications

The primary theme of this Fig ure 2.1 3 – usi ng ap pro priat e infor mation to calcula te (ap proxi mat e) sample size, as one com-
ponent of the Pla n in the Desig n st age of the FDEAC cycle – is straig ht for ward, but complication s aris e fr om the number of
ca s es involved . A tre e diag ram giv en bel ow prov ides an ove rvie w of thes e ca s es; for tree branches wit h blank ends, for mulae
fo r calcula t i ng sample size are not deve loped exp licit ly in this Fig ure 2.1 3 but they can be obtaine d re adily from what is give n.

Calcula t ion
of sample size

Specific ation
of pre cisio n

Specific ation
of cos t

Ab s olu t e

Rela t ive

Probability
in ter val
half-widt h

Probability
in ter val
widt h

St andard
devi a t io n

Probability
in ter val
half-widt h

Probability
in ter val
widt h

St andard
devi a t io n

when estim ating Y
−− (Example 2.1 3.2)

when estim ating TY− (Example 2.1 3.1)

when estim ating −P (Examples 2.1 3.3 and 2.1 3.6)

when estim ating Y
−−

when estim ating TY−

when estim ating −P

when estim ating Y
−−

when estim ating TY− (Example 2.1 3.4)

when estim ating −P

when estim ating Y
−−

when estim ating TY− (Example 2.1 3.5)

when estim ating −P (Example 2.1 3.6)

NO TE: 5. Cur iou sly, the empha sis in statis ti cs seems to be on abso l ute precisio n – as evi denc e d by the ubiquitous occur renc e
of standard dev iation – whe rea s, in practic e, rela tive precisio n (o r change) is often more relev a n t.
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