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Assignment 8

A8 - 1. All the tire dealers in a regio n we re assig ned to strata according
to the number of new tire s held at a previous census. Usi ng
equiprobable selecting wit hin each stratum, 4,1 70 dealers were
then obtaine d and their number of new tire s (Y−) as c e rtain ed.
The res ult s , base d on complet e re spons e, are show n in the table
at the rig ht.

(a) Estim ate the ave r age number of new tire s per dealer, and find the standard dev iation of the estim ate.

(b) Fin d an approxi mat e 90% confid e n ce int e rval for the tot al number of new tire s stock ed by all the dealers.

St r atum
boun d aries −Nh nh y−

h
sh

1 -  9 19,850 3,000 4.1 5.9
10 - 19 3,250 600 13.0 9.6
20 - 29 1,007 340 25.0 13. 2
30 - 39 606 230 38.2 17.9

A8 - 2. A corporation wis hes to estim ate the tot al
number of person-hours los t becaus e of acci-
dents to its emplo yees; becau se of the differ-
ent accid e n t rates among different catego rie s of
em p l oye es, the popula t ion of emplo yees was separated into three strata as shown in the table above; the stratum stan-
dard dev iation (s. d.) estim ates stem from an earli er sample sur vey.

(a) Fin d the approxi mat e Ney man allocation for a sample of size 30, and the cor responding approxi mation to the standard
devi a t io n fo r the estim ate of the total person-hours los t becaus e of accid e n t s among the emplo yees of the corporation.

(b) Sup pos e that, in practic e, the sample shown at
the rig ht had been drawn. Use thes e data to
estim ate the tot al number of person-hours los t
becaus e of accid e n t s , and find an estim ate of the
st andard dev iation of this estim ate of the total.

(c ) Explain brief ly the rea son(s) for any differenc es in the approxi mat e st andard dev iation in (a) and the estim ate of the
st andard dev iation in (b) .

St r atum number (h) 1 2 3
St r atum des criptio n Wo rke rs Technicia ns Adm inist r ato rs
St r atum size 132 92 27
Estimated stratum s.d. 6.3 5.3 3.2

nh St r atum sample value s (hour s)

18 8 0 6 7 9 18 24 16 0 4 5 2  0 32 16 4 8 0
10 4 0 8 3 1  5 24 12 2 8
2 1 8

A8 - 3. The farms of a large regio n we re assig ned to sev en
st r ata on the basis of their are as as repor ted in the
la test census, and the yields (Y

−−h
) of the main cash

cro p we re then estim ated by means of a sample sur-
ve y; the data were rou nde d to conve n ient numbers
and are show n in the table at the rig ht. A fu ture
sample sur vey of this popula t ion is bei ng planne d,
using equ iprobable selecting from thes e st r ata .

(a) If all 200 farms in strata 6 and 7 must be inclu ded in
the sample, calcula te the approxi mat e Ney man allocation for a tot al sample size of 3,000 farms. Fin d the cor re-
spon d ing approxi mation for the standard dev iation of Y

−
st fo r this allocation.

(b) Repeat the calcula t ion s in (a) but usi ng pr oportional allocation; aga in in clu de all 200 farms in strata 6 and 7 in the
sample. Com ment br ief ly on any differenc es between the standard dev iation value s in (a) and (b) .

(c ) Sup pos e that the cos t s per respons e in the strata are c1 = c2 = $2, c3 = c4 = c5 = $3, and c6 = c7 = $6. If all the farms
in strata 6 and 7 must aga in be inclu ded in the sample, calcula te the approxi mat e sample allocation for min imu m
st andard dev iation and a total cos t of $10 ,000. Als o, find an approxi mat e value for this min imu m st andard dev ia-
tion of Y

−
st.

h −Nh 100−Wh y−
h

sh sh
2

1 50,000 50 0.13 0.50 0.25
2 23,000 23 0.72 1.7 2.89
3 20,000 20 3. 34 8.5 72. 25
4 5,300 5.3 18.03 35 1, 225

5 1,500 1.5 68.85 95 9,025
6 120 0.1 2 786 200 40,000
7 80 0.08 484 17 0 28,900

A8 - 4. A corporation wis hes to obtain infor mation on the effective nes s of a busi-
ness machin e. A number of div isi on hea ds are to be int e rvie wed by tele-
phon e and aske d to rat e the machin e on a num erical scale. The divi sio ns
of the corporation are locat e d in Nor th Amer ica, Eur ope and Asi a, so that
equiprobable selecting is to be use d, wit h the three regio ns as strata . The
table at the rig ht giv es, for each stratum, the cos t per respons e, the approxi-
mate value anticip ated for S− and the size (with −N = 219).

(a) The corporation wis hes to estim ate the ove r all ave r age rating of the machin e to wit hin 2√0.1 un its wit h 95% prob-
ability; find the lea st cos tly sample size (n) that wil l achiev e this pre cisio n, and also find the appro priat e allocation.

(b) If the ave r age ratings of the machin e fo r the respectiv e st r ata for the allocation in (a) are fou nd to be 2.6, 3.1 and 1.8
un its, estim ate the ove r all ave r age rating and find its standard dev iation. Exp lain briefly whether the pre cisio n of
your estim ate of the ave r age rating shoul d be expre sse d as a confid e n ce int e rval.

(c ) If the sur vey has fixe d cos t s of $450, find its total cos t.

STRATU M
1

(No rth
Amer ica) 2 (Euro pe) 3 (Asia)

c1 = $9 c2 = $25 c3 = $36

S−2

1 = 1.52
S−2

2 = 1.82
S−2

3 = 1.82

−N1= 112 −N2 = 68 −N3 = 39
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A8 - 5. A stratifie d popula t ion has five strata . The stratum sizes (−Nh
), ave r age s (Y

−−h
)

and standard dev iation s (S−h
) of respons e Y− are shown in the table at the rig ht.

(a) Calcula te the popula t ion ave r age (Y
−−) and standard dev iation (S−).

(b) For a to t al sample of size about 80, det e rmine the stra tum sample sizes
un d er pro por tio nal allocation and unde r Ney man allocation.

(c ) Fo r the same total sample size as in (b) , fin d the rela t ive efficie n cy of the sample
av erage (Y

−
st) un d er equ iprobable selecting (EPS) withou t st r atific ation, as an estim ato r

of Y
−−, rela t ive to the ave r age s fo r each of the two allocation schemes in (b) unde r EPS from the stratifie d popula t ion.

NO TE: In a sur vey sampling con tex t, rela tive effici ency is usually taken as the ra tio of the squ are s of the relev a n t st an-
dard dev iation s.

St r atum (h) −Nh Y
−−

h S−
h

1 117 7.3 1.1 4
2 98 6.9 1.43
3 74 11. 2 1.06
4 41 9.1 1.40
5 45 9.6 1.32

A8 - 6. Data for a sample obtaine d by ERS from a stratifie d popula t ion are
sh own in the table at the rig ht.

(a) What allocation scheme was use d? Exp lain brief ly.

(b) Is stratific ation likely to giv e a more pre cis e estim ate of Y
−− in this

situation than EPS from the unst r atifie d popula t ion wou ld hav e done? Exp lain brief ly.

(c ) If you were conducting a future sample sur vey of this popula t ion and measuring the same respons e, how cou ld the
allocation be improve d? Is the improve ment likely to be sub stantia l? Justify you r answe rs brief ly.

NO TE: Ext ensiv e calcula t ion s sh oul d not be par t of answe rs to this que s tion.

St r atum (h) −Nh nh y−
h

sh

1 1,000 50 50 20

2 7,000 350 1,000 2

3 2,000 100 20 10

A8 - 7. A stratifie d popula t ion has the charact e ris ti cs shown in the table at the
right, whe re ch is the cos t per respons e in stratum h. Assuming co m-
plet e re spons e, find:

(a) the standard dev iation of Y
−

st and the total cos t fo r 500 units obtaine d
by EPS from thes e st r ata usi ng (i) propor tio nal allocation; (ii) Ney man allocation;

(b) the standard dev iation of Y
−

st and the total cos t ex pected for 500 units obtaine d by EPS wit hou t st r atific ation.

St r atum (h) −Nh ch Y
−−

h S−
h

1 5,000 1 50 3.2

2 2,500 4 40 2. 2

3 2,500 4 60 2. 2

A8 - 8. A sample sur vey is to be con duct e d to estim ate the tot al number of books bor rowe d fr om the 217 pub lic lib r aries in a
regio n du ring a par ticular week. The lib r aries can be cla s sifie d as sma l l, medium or large in size, on the basis of their
holding s of books. The ave r age numbers of books bor rowe d fr om lib r aries in the three groups are thoug ht to be
roug hly in the ratio 1:2:3; it is als o anticip ated that the wit hin -gr oup standard dev iation s squ are d of numbers of books
borrowe d will be pro por tio nal to the squ are root of the cor responding ave r age s. There are 71 sma l l, 126 medium , and
20 large lib r aries in the regio n. If a to t al sample size of 40 is requi red and if the cos t per respons e in each group is the
same, how shoul d st r atum sample sizes be allocat e d to the three groups unde r equiprobable selecting from thes e thre e
gr oups taken as strata?

A8 - 9. A sample sur vey is to be con duct e d to estim ate the tot al acre s of land sow n with cor n on 1,000 farms in a regio n.
The farms can be cla s sifie d as sma l l, medium or large on the basis of their sizes. The ave r age cor n acre age s in the
thre e gr oups are thoug ht to be rou ghly in the ratio 1:3:8; it is als o anticip ated that the wit hin -gr oup standard dev ia-
tion s of cor n acre age s will be pro por tio nal to the cor responding ave r age s. There are 500 sma l l, 400 medium , and 100
large farms in the regio n. If a to t al sample size of 60 is requi red and if the cos t per respons e in each group is the
same, how shoul d st r atum sample sizes be allocat e d to the three groups unde r equiprobable selecting from thes e thre e
gr oups taken as strata?

*A8 - 10. Sup pos e that the sampling cos t fo r obtain ing, by equ iprobable selecting from a stratifie d popu -
la t ion, a sample of size n made up of nh obs ervation s fr om stratum h, is giv en by the expre ssi on
at the rig ht; ch is the cos t per respons e in stratum h and co is the fixe d cos t s. If the stratifie d sample
av erage (Y

−
st) is to be use d to estim ate the popula t ion ave r age (Y

−−), det e rmine the (optimu m) allocation of the nh which
minimizes the standard dev iation squ are d (a n d, henc e, the varianc e) of Y

−
st fo r a fixe d tot al survey cos t C, for the cases:

(a) z = 1/2; (b) z = 1/3.

C =  co + Σ
h=1

k

chnh
z

1995 -04 -20 *Option a l qu estio n fo r enrich ment


