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Assignment 3

A3 – 1. Some popula t ion s (e.g., the records of the number of days abs ent ove r a speci fi ed tim e period for each of the emplo y-
ees of a company or organization) con sis t of a pro por tio n −P of ele ments wit h non-zero Y−-value s and a pro por tio n −Q
(−Q =1−−P) of ele ments wit h zero Y−-value s. It is sometimes pos sib le to identify accur ately and cheaply the −N−Q ele-
ments of the latt e r type and, if it is desired to estim ate Y

−− (the popula t ion ave r age) from a sample sur vey, it may then
be more efficie n t to obtain, by equ iprobable selecting (EPS), n units (or ele ments) from the −Nnz = −N−P elem e n t s with
non-zero value s , rather than from the whole respondent (or study) popula t ion of −N elem e n t s.

(a) If Y
−−nz is the ave r age of the −N−P popula t ion ele ments wit h non-zero Y−-value s , sh ow that Y

−− = −PY
−−nz.

(b) If S−nz is the (data) standard dev iation of the −N−P popula t ion ele ments
with non -zero Y−-value s , est ablis h the res ult at the rig ht, whe re S− is the
(w hole) popula t ion (data) standard dev iation.

(c ) If −Nnz >> 1, write the expre ssi on in (b) for S−nz in si m p ler but appr oximate fo rm.

(d) Sup pos e that y−nz is the ave r age of n unit s , obtain ed by equ iprobable selecting, wit h non-zero Y−-value s. Su gge s t
an appro priat e estim ato r of Y

−− base d on y−nz, and giv e it s st andard dev iation in ter ms of −N , n, −P, −Q, Y
−− and S−. Indi-

cate briefly how this estim ato r is an improve ment ove r the ave r age of n unit s , obtain ed by equ iprobable selecting,
fr om all −N re spondent (or study) popula t ion unit s (o r elem e n t s).

S−nz =
−Nnz

−Nnz−1
[−N −1

−N ⋅S−2

−P − −Q
−P2 Y

−−2].
√

A3 – 2. The Globe and Mai l of Sep tember 16, 1993, repor ted the res ult s of a pol l which aske d the que s tion: Which lea der do
you thin k woul d make the best Prime Minis ter of Canada? Of those who responde d, 39% said Kim Campbell
and 19% said Jean Chretie n. The repor t cont aine d a com mon newsp aper statement of sur vey pre cisio n : The res ults
are based on1,446 per sonal inter vie ws and are con sider ed accurate wit hin 2.6 per cen t age poi nts,19 times in 20.

(a) Show how the figure of ‘2.6 perc ent age poi nts’ is obtaine d and exp lain brief ly what it means.

(b) Wou ld it be cor rect to say ins tea d ‘2.6 perc ent’? Exp lain brief ly.

(c ) In assessing the lim itation s im pos ed by error of the res ult s of the pol l, a student wrote: The article does not say
what economi c cl ass the res pon den t s were fro m or how old they wer e, but it does not rea lly have to bec ause the
poll is accurate and rig ht19 times in 20. Comment.

(d) The student also wrote: The article does not tel l us how many peop le refused the inter vie w but it see ms it does
not matter – the peop le who wer e in ter vie wed and their age and economi c sta tus must be posit ively cor rel ate d
with reg a rd to the final res ults bec ause the pol l is ‘on the nose’ 19 times in 20. Comment.

A3 – 3. A dentis t is interest e d in assessing the effective nes s of a new toothpaste, and so she obtains per mis sio n to inv olve a
gr oup of −N =1,000 school chil dre n in an inv estig a t ion. Pre -inve s tig a t ion records of all the chil dre n sh ow an ave r age
of 2.2 cav ities eve ry six mon ths. After
thre e mont hs of the inv estig a t ion, the
dentis t obtain s, by equ iprobable select-
ing, 10 chil dre n fr om the group, and obtains the res ult s tabula ted above. From an analys is of thes e data, answe r the
dentis t’s que s tion abou t the toothpaste; show you r calcula t ion s and rea son ing cle arly.

Chil d (i) 1 2 3 4 5  6 7 8 9 10

Number of cav ities in 3 mon ths (yi) 0 4 2 3 2  0 3 4 1 1 .

A3 – 4. One hun dre d hous eholds, obtaine d by equ iprobable selecting from a vil lag e with −N =
850 hou seh olds, showe d 30 hou seh olds pos s essing transis t or radio s; fur the r, a com -
plet e re co r d of the number of members (Y−) in thes e 30 hou seh olds gav e the dat a sh own above.

(a) Estim ate bot h the pro por tio n and number of hou seh olds in the vil lag e which pos s ess transis t or radio s, and giv e
an approxi mat e 99% confid e n ce int e rval for each estim ate.

(b) Estim ate bot h the ave r age size, and its standard dev iation, of hou seh olds in the vil lag e possessing transis t or radio s.
What assump tion abou t on e of the estim ates from (a) is needed in the calcula t ion s in (b) ?

Σ
j =1

n

yj = 140 , Σ
j =1

n

yj
2 = 976

A3 – 5. This que s tion refers to the article EM9514 Sovee ign ty a win ner, pol l finds, if Quebec get s li nk to Canada, whi c h is re-
prin ted in Fig ure 2.2c on pag e 2.17 of the Cou rse Mat e ria ls.

In the middle and rig ht-hand colum ns on the first sid e of Fig ure 2.2c, two non -ov erlap ping ‘half-samples’ of 501 people
are mentio ned, wit h thos e in the first half-sample bei ng aske d abou t sove reignty and those in the secon d aske d abou t
sove reignty-association. From the infor mation giv en in the article, find approxi mat e 90% confid e n ce int e rvals for:

(a) the pro por tio n of Quebeck ers in the respondent popula t ion who are in fav o ur of sov ereig n ty;

(b) the pro por tio n of Quebeck ers in the respondent popula t ion who are in fav o ur of sov ereig n ty-association;

(c ) the di ffere nce [(b) − (a)] in the two pro por tio ns in (a) and (b) .

(d) Exp lain brief ly whether it is a rea son able Answe r fr om this pol l that a gre ater pro por tio n of Quebeck ers sup por t
sove reignty-association than sup por t sove reignty.
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A3 – 6. Sup pos e that the re are more than two candidates for an ele ction. Candidate A ha s the sup por t of a pro por tio n −PA of
de cid ed vot e rs, while candidate B ha s the sup por t of a pro por tio n −PB. We want to estim ate the di ffere nce −PA − −PB and
to find a confid e n ce int e rval for this differenc e.

(a) Defi ne:

fo r each of the −N de cid ed vot e rs in the popula t ion. What popula t ion attribute of −V1, −V2, ....., −V−N is equal to −PA −−PB?
Ju s tify you r answe r.

(b) For −Vi defin ed in (a) , writ e the standard dev iation S− (a t the rig ht) in ter ms of −PA and −PB.

(c ) Su gge s t an estim ato r of −PA −−PB. How does it rela te to V1, V2, ....., Vn, random variable s
repre senting the sa m p le analog ues of the popula t ion −Vis?

(d) Base d on you r answe rs to (a) and (b) , give an expre ssi on for the standard dev iation of the estim ato r in (c) .

(e ) Give an expre ssi on for the es tim ated st andard dev iation cor responding to (d).

(f ) Sup pos e that the Liberals hav e the sup por t of 36% of 2,500 decid ed vot e rs, obtaine d by equ iprobable selecting,
while the Con ser vative s have 31% sup por t in this sample. Fin d an approxi mat e 95% confid e n ce int e rval for the
Li berals’ lea d ov er the Con ser vative s.

(g) Com ment br ief ly on the int e rpret ation of the confid e n ce int e rval fou nd in (f).
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1 if decid ed vot e r i int ends to vot e fo r candidate A,
−Vi = −1 if decid ed vot e r i int ends to vot e fo r candidate B,

0 if decid ed vot e r i int ends to vot e ot he rwise,

S− = 1
−N−1

Σ
i=1

−N

(−Vi −−V)
2

√


