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Assignment 4

A4 – 1. A gov ernment inspect or wis hes to estim ate the ave r age weight of fill for cereal boxes package d by a cer tain facto ry.
The cereal is availa ble to her in car ton s cont aining 12 boxes each. The inspect or obtains five car ton s by equ iprobable
sele cting (EPS) and measure s the
weight of fill for eve ry box in thes e
carton s, wit h the res ult s at the rig ht.
From thes e data, find an approxi-
mate 90% confid e n ce int e rval for
the ave r age weight of fill per box:

(a) on the basis of the clu s tered desig n
actually use d to col lect the data;

(b) ign oring the clu s ter ing and assuming that the data were obtaine d by EPS of n = 60 in dividua l boxe s. Com ment
br ief ly on how the int e rvals in (a) and (b) compare.

(c ) What assump tion is necessar y abou t the tot al number of car ton s pack age d by the facto ry? Is it a rea son able
assump tion? Exp lain brief ly.

CARTON OUNCES OF FILL

1 16.1 15.9 16.1 16. 2 15.9 15.8 16.1 16. 2 16 .0 15.9 15.8 16.0

2 15.9 16. 2 15.8 16.0 16. 3 16 .1 15.8 15.9 16.0 16.1 16.1 15.9

3 16. 2 16 .0 15.7 16. 3 15.8 16.0 15.9 16.0 16.1 16.0 15.9 16.1

4 15.9 16.1 16. 2 16 .1 16.1 16. 3 15.9 16.1 15.9 15.9 16.0 16.0

5 16.0 15.8 16. 3 15.7 16.1 15.9 16.0 16.1 15.8 16.0 16.1 15.9

A4 – 2. As par t of a safety campaig n, a taxi company wis hes to estim ate the number of uns a fe tires on its fleet of 175 taxis.
Tw enty-five taxis , obtain ed by equ iprobable selecting (EPS), show the numbers of uns a fe tires (ou t of the fou r ti res in
us e) per taxi as shown at the rig ht.

0 4 1 3 1  2 4 0 1 2  2 0 1 1 2  2 4 1 0 0  3 1 2 2 1.
(a) Estim ate the pr oportion of unsafe

ti res in use on the company’s taxis , and find an estim ate of the standard dev iation of this estim ate.

(b) Estim ate the number of unsafe tires in use on the company’s taxis , and find an estim ate of the standard dev iation
of this estim ate.

(c ) Explain brief ly whether you expect the estim ates in (a) and (b) to be more or les s precis e than an estim ate base d
on choosing, by EPS, 100 of the 700 tires in use on the company’s taxis. Che ck you r answe r by an appro priat e
calcula t ion base d on the data giv en above.

A4 – 3. Hole s of a unifor m si ze are dug at haphazardly placed location s in a section of a dry stream bed . In the soi l fr om
each hole, the number of ins ect larvae,
and the number of thes e which are of
specie s A, are coun ted . The res ult s are:

Hole 1 2 3  4 5 6  7 8
Number of larvae 150 42 93 104 37 93 120 85
Number of specie s A larvae 61 21 37 56 22 44 72 34.

(a) Fin d an approxi mat e 95% confid e n ce
in ter val for the pro por tio n of specie s A among the ins ect larvae in the soi l of the stre a m bed.

(b) Exp lain 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, by equ iprobable selecting, the same number of ins ect larvae from on e larger soi l sample. Che ck you r
answe r by an appro priat e calcula t ion base d on the data giv en above.

A4 – 4. A study popula t ion con sis t s of −N = 5  ele ments whi c h have the value s of two respons es (Y− and X−) as in the table bel ow.

(a) Fin d the popula t ion ra tio: −R = Y
−−/X

−− ≡ TY−/TX−.

(b) Lis t all the pos sib le samples of size 2, unde r equiprobable selecting (EPS), from this popula t ion.

(c ) Fo r each sample, tab ula te the value of the sa m p le ratio: r = y−/x− ≡ T
y/Tx;

also tab ula te the probability of selecting each sample.

(d) Use the probability fun ction in (c) to find the mean and then the es tim ating bia s of the random
variable R repre senting the sample ratio unde r EPS.

(e ) Us e equation (2.15.7) on the secon d si de (page 2.114) of Fig ure 2.1 5 of the Cou rse Mat e ria ls to calcula te an ap-
prox imate value of the estim ating bia s of R; dis cus s br ief ly how this value compare s to that fou nd in (d).

i Y− X−

1 1 3
2 3 5
3 3 4
4 2 4
5 5 6

A4 – 5. The members of a teache rs’ federation are conc e rne d abou t the salar y in cre ases giv en to hig h school teache rs in a
particular school board . Fifteen teache rs are obtain ed by equ iprobable selecting from an alphabeti c a l li st of all hig h
school teache rs in the board; all 15 teache rs are then int e rvie wed to det e rmine their salarie s fo r this year and the pre -
vious one; the complet e data are giv en ove r leaf at the top of pag e #0. 20-2.

(a) Use thes e data to estim ate the ratio of ave r age pre sent -to -past salarie s fo r the 750 hig h school teache rs in the
board, and giv e an appro priat e mea s ure of the pre cisio n of you r estim ate.

(b) Use thes e data to estim ate the ave r age of the ratio of pre sent -to -past salarie s fo r the 750 hig h school teache rs in
the board, and giv e an appro priat e mea s ure of the pre cisio n of you r estim ate.

(c ) Comment brief ly on the pre cisio n of you r estim ate in (a) , the rea son(s) for this pre cisio n, and whether you believe
it to be an accur ate assessment of the pre cisio n of you r estim ate.
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A4 - 5.
(c o nt.)

TEA- YEAR’S SALARY ($) TEA- YEAR’S SALARY ($)
CHER Past Pre sent CHER Past Pre sent

(j) (xj) (yj) (j) (xj) (yj)

1 27,000 28,000 9 27,080 28,110
2 33, 500 34,7 00 10 26,985 27,985
3 38,960 40,420 11 40,760 42,18 5
4 49,780 51, 375 12 32,180 33, 500
5 31, 775 32,980 13 45,960 47,61 5

6 25, 540 26,610 14 35,030 36,395
7 39,455 40,835 15 36, 555 37,910 ;
8 26,080 27,1 25

fo r thes e data:

Σ
j =1

n

xj = 516 ,640 , Σ
j =1

n

xj
2 = 18, 580,122,800;

Σ
j =1

n

yj = 535,7 45 , Σ
j =1

n

yj
2 = 19,964,401, 275;

Σ
j =1

n

xjyj = 19, 259,771,450.

A4 – 6. Tr a ders on the future s market are int e rest e d in rela t ive prices of cer tain com modit ies rat her than in speci fi c pric e lev-
el s ; thes e rela t ive prices can be pre sent e d in ter ms of a ratio. One impor tant ratio in agr iculture is the cattle/hog ra-
tio. From 64 trading days in 1977, the cattle and hog prices were recorded on 18 of the days obtaine d by equ iprobable
sele cting, wit h the fol low ing res ult s:

DAY CATTLE HOGS DAY CATTLE HOGS
(j) (xj) (yj) (j) (xj) (yj)

1 42.40 47.80 11 38.45 44. 30
2 41.40 48.60 12 37.80 43.90
3 39.60 48.20 13 37. 20 42.70
4 39.45 46.75 14 37.60 43.25
5 37.00 46.50 15 37. 50 44. 55

6 37.80 45.40 16 36.90 45.10
7 38. 55 47. 30 17 37. 30 45.00
8 38.60 48.20 18 38.60 45. 25 ;
9 38.80 49.40
10 39.65 49.40

fo r thes e data:

Σ
j =1

n

xj = 831.6 , Σ
j =1

n

xj
2 = 38,495.09;

Σ
j =1

n

yj = 694.6 , Σ
j =1

n

yj
2 = 26,841.60;

Σ
j =1

n

xjyj = 32,125.11 25.

Us e thes e data to estim ate the ratio of cattle/hog ave r age prices for the 64-day per iod, and giv e an appro priat e mea-
sure of the pre cisio n of you r estim ate. Dis cus s br ief ly whether you believe the latt e r is accur ate.

A4 – 7. (a) Rew ork que s tion A4 – 2 (a) ove r leaf by tre ating it as one of estim ating a ra tio un d er EPS of indivi d ual el ements
(t ire s), rat her than as estim ating a pr oportion fr om EPS of clu sters of equal size (taxi s).

(b) On the basis of you r fin d ings in (a) , or other wise, brief ly compare and con trast the mat hem ati c a l st ructure of
qu estio ns A4 – 2 and A4 – 3 ov erleaf from a dat a analytic perspective.

A4 – 8. In a sample sur vey, the study popula t ion attribute of int e rest for a respons e variat e Y− is the re c i procal
of the ave r age, repre sent e d by respons e variat e −W as shown at the upper right. One hun dre d un its
(o r elem e n t s) obtaine d by equ iprobable selecting from the study (or respondent) popula t ion yield an
av erage of y− = 4.1 5 un its and a standard dev iation of 0.27 units, base d on complet e re spons e. The
estim ato r of −W is the random variable W sh own the lo wer right.

(a) Use a se con d-order univariat e Ta ylo r se rie s ex pansi on to find an approxi mat e ex pre ssi on for the es tim ating bia s of W.

(b) Use a fir st-order univariat e Ta ylo r se rie s ex pansi on to find an approxi mat e ex pre ssi on for the sta n dar d devi ation of W.

(c ) Ig nor ing the estim ating bia s and assuming that the sampling fractio n is neglig ible, use the res ult obtaine d in (b) to
fin d an approxi mat e 99% confid e n ce int e rval for −W.

(d) Aga in assuming the sampling fractio n to be neglig ible, find an approxi mat e 99% confid e n ce int e rval for Y
−− and

then use it to obtain such an int e rval for −W.

(e ) Comp are the int e rvals obtaine d in (c) and (d) and com ment br ief ly.

−W = 1

−Y

W =
1

Y
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