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Assignment 6

A6 – 1. A manufacture r of band saws wants to estim ate the ave r age rep air cos t per mon th for the saw s he has sol d to cer tain
in du s tries. He cannot obtain a rep air cos t per saw, but he has acces s to the total amou nt spent for saw rep airs and the
number of saw s ow ned by each indust ry; he the refore decid e s to use each indust ry as a clu ster. The manufacture r
obtain s, by equ iprobable selecting, 20 of the 96 indust rie s he ser vic es. The data were as fol low s, whe re the ‘Re pair
cos t’ is the total rep air cos t fo r the past mon th in dol lars:

Indu s try 1 2 3  4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of saw s 3 7  11 9 2 12 14 3 5 9  8 6 3 2 1  4 12 6 5 8

Re pair cos t 50 110 230 140 60 280 240 45 60 230 140 130 70 50 10 60 280 150 110 120 .

On the basis of thes e data, find an approxi mat e 90% confid e n ce int e rval for:

(a) the ave r age rep air cos t per saw for the past mon th;

(b) the total amou nt spent by the 96 indust rie s on band saw rep airs dur ing the past mon th.

(c ) Re peat (b) if the manufacture r la ter finds from his records that he has sol d a tot al of 710 saw s to the 96 indust rie s.

A6 – 2. An economic sur vey is desig ned to estim ate the ave r age amoun t spent per mon th on utilit ies by hous eholds in a city;
becaus e no pro per lis t of hou seh olds is availa ble, it is decid ed to use city block s as clu sters. A map of the city is di-
vi ded into 60 block s and 20 of thes e are obtaine d by equ iprobable selecting. Int e rvie wers then obtain the cos t of util-
it ies from all hous eholds in each of the chosen block s , with the fol low ing res ult s:

Bl ock Number of Tot al amou nt Block Number of Tot al amou nt
(j) hou seh olds spent (T

yj) (j) hou seh olds spent (T
yj)

(lj) on utilit ies (lj) on utilit ies

1 55 $4,420 11 73 $5,860
2 60 4,7 80 12 64 4,940
3 63 4,860 13 69 5,660
4 58 4,7 60 14 58 4,7 40
5 71 5,520 15 63 4,7 80

6 78 6,220 16 75 5,7 40
7 69 5,560 17 78 6,420
8 58 4,7 40 18 51 4,860
9 52 3,980 19 67 5,460

10 71 5,620 20 70 5,7 60 ;

fo r thes e data:
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(a) Estim ate the aver age amou nt per mon th a hou seh old in the city spends on utilit ies, and giv e an approxi mat e 99%
confid e n ce int e rval for this ave r age.

(b) Estim ate the to t al amou nt per mon th spent on utilit ies by hous eholds in the city, and giv e an approxi mat e 99%
confid e n ce int e rval for this tot al.

A6 – 3. A car rent al co mpany has offic es (with accompanyi ng car depots) in 230 cit ies. To study cer tain operating charact e r-
is ti cs of its fleet of cars, the company obtains 20 of the offic es by equ iprobable selecting and, from complet e offic e
re co r ds, compi les the fol low ing dat a on the number of cars in each
depot, the total mile age drive n by thes e cars in the last year, and the
number of cars needing maj or rep airs:

Number Tot al Number Number Tot al Number
of cars mileage rep aired of cars mileage rep aired

6 145,920 1 12 342,960 2
2 54,120 0  6 163,620 1

11 303,600 1 5 102, 300 1
7 196,560 1 3 55,140 1
8 220,480 1 7 160,580 1

14 406,980 2 7 130,270 1
6 192,180 1  2 44,1 00 0
2 56,820 1 4 62, 560 1
2 57,820 0 2 40,860 1
5 127,7 50 1  8 156,400 2 .

(a) Fin d an approxi mat e 95% confid e n ce int e rval for the aver age annu al mile age drive n per car for the company’s fleet.

(b) Fin d an approxi mat e 95% confid e n ce int e rval for the to t al annu al mile age drive n by the company’s fleet.

(c ) Estimate the pro por tio n of the company’s cars whi c h ne e ded maj or rep airs dur ing the year, and find an approxi-
mate 95% confid e n ce int e rval for it.

The num erical sum marie s fo r thes e data are:
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A6 – 4. A large company is organized in 11 dep artments A, B, ....., K; the number of emplo yees in each dep artment is shown
in the secon d li ne of the table bel ow. As par t of an emplo yee opin ion sample sur vey, dat a are complie d fo r entire de-
partments obtaine d fr om the 11 by equ iprobable selecting. One respons e of interest is emplo yee opin ion as to how
wel l ma n agement com mun i c ates to emplo yees its obj ectiv es for the company ; this respons e is mea s ure d fo r all em-
plo yees in the five dep artments selected by combin ing sco res to three que s tion s with answe rs on a 5-poin t scale. Dat a
summarie s fo r this respons e fo r each of thes e departments are giv en in the thi rd and fou rth lin es of the fol low ing table:

Department A B C D  E F G  H I J K
Number of emplo yees 230 110 25 322 17 65 63 210 77 12 45

Sa mple ave r age 3.62 4.24 4.07 3.36 3.81
Sa mple standard dev iation 0.87 1.03 0.7 5 1.44 1.31 .

(a) Prep are a scatt e r diag ram of the sample dat a fo r the five dep artem e n t s; plo t sample ave r age sco re ag ain st number
of emplo yees in the department. Identify, and sugge s t an exp lanation for, the impor tant feature(s) of the diag ram .

(b) Use the estim ato r Y
−

uc to find an approxi mat e 99% confid e n ce int e rval for the ave r age sco re of all the company’s emplo yees.

(c ) When selecting unequal sized clu s ters, TY = −MTY
−

can be use d to estim ate a respondent popula t ion to t al when −N is
unknow n; here, −N is known so use TY/−N to find (ag ain) an approxi mat e 99% confid e n ce int e rval for the aver age
score of all the company’s emplo yees.

(d) Exp lain brief ly how the confid e n ce int e rvals obtaine d in (b) and (c) illust r ate more or les s ef fective management of
variation in the Analys is stage of the FDEAC cycle.

A6 – 5. A large corporation is con sid ering rev isi ng it s retirem e n t poli cy, and wis hes to estim ate the pro por tio n and the num-
ber of its emplo yees in fav o ur of the new poli cy. The corporation con sis t s of 87 sep arate pla n t s spre ad across the
coun try; becau se res ult s mu s t be obtaine d as soon as pos sib le and at min ima l cos t, it is decid ed to regard each pla n t
as a clu ster. Fifteen pla n t s are obtaine d by equ iprobable selecting (EPS) and the opi nio ns of all the emplo yees at
each pla n t are gat hered, wit h the fol low ing res ult s:

Plant number 1 2 3 4  5 6 7 8 9 10 11 12 13 14 15

Number of emplo yees 51 62 49 73 101 48 65 49 73 61 58 52 65 49 55

Number in favour 42 53 40 45 63 31 38 30 54 45 51 29 46 37 42 ;

nume rical sum marie s
of thes e data are:

To tal number of emplo yees: 911 [with a cor responding sum of squ are s of 58,075],
To tal number in fav o ur: 646 [with a cor responding sum of squ are s of 29,10 4],
The sum of produ cts is: 40,730 .

(a) Fin d an approxi mat e 99% confid e n ce int e rval for the pr oportion of the corporation’s emplo yees who are in fav o ur
of the new poli cy.

(b) Fin d an approxi mat e 99% confid e n ce int e rval for the number of the corporation’s emplo yees who are in fav o ur of
the new poli cy.

(c ) Explain brief ly whether you wou ld expect the estim ate in (a) to be more or les s precis e than an estim ate base d on
obtain ing in dividua lly, by EPS, the same number of emplo yees. Che ck you r answe r by an appro priat e calcula -
tion base d on the data giv en above.

A6 – 6. (a) Compare and con trast, from the perspective of the Analys is stage of the FDEAC cycle, the math ematical st ruc-
ture in Que s tion A6 – 5 abov e and that in Que s tion A4 – 2 abou t taxi tires.

(b) Compare and con trast, from the perspective of the Analys is stage of the FDEAC cycle, the math ematical st ruc-
ture in Que s tion A6 – 5 abov e with that in Que s tion A4 – 3 abou t in sect larvae in a stream bed .

(c ) In lig ht of you r answe rs to (a) and (b) and also to Que s tion A4 – 7, compare and con trast thes e math ematical
st ructure s on the basis of our dis cus sio n of clu s tered sample sur vey desig ns and estim ating a ratio.

A6 – 7. To estim ate the pro por tio n of dis ease d plants in a large field of cor n, a farme r obtain s, by equ iprobable selecting (EPS),
40 clu s ters of nin e plants; each clu s ter is made up of 3 pla n t s in each of 3 neig hbour ing row s . The numbers of dis ease d
plants (ou t of 9) in the 40 clu s ters are fou nd to be as fol low s :

2 5 1 1 1  7 0 0 3 2  3 0 0 0 7  0 4 1 2 6 0 0 1 4 5  0 1 4 2 6  0 2 4 1 7  3 5 0 3 6.

Find an approxi mat e 95% confid e n ce int e rval for the pro por tio n of dis ease d co rn pla n t s in the fiel d :

(a) (i) on the basis of selecting clu sters, as actually don e to gat her the dat a;
(ii) ign oring the clu s ter ing and assuming that the data are from 360 cor n plants obtaine d in dividua lly by EPS.

(b) Exp lain brief ly how the rela t ive pre cisio n of EPS of clu sters and EPS of in dividua l co rn pla n t s is rela ted to the
type of dis tributio n of the disease throu ghout the fiel d.

(c ) Give, in poi nt for m, a set of ins tructio ns a farme r coul d fo llow to implem e n t the clu s tered desig n in this situation.
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