STT351 - 005 :
Exam 2 PRINT YOUR NAME HERE -

Evaluate to the extent requested.
SHOW HOW YOU GET YOUR ANSWERS.
No notes, no extra paper, electronics, books, writings on one'

Section on discrete models.

$ person, are allowed

1. A joint pmf is given below. For cxample, P(X =2,Y =4)=0.}.
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2. A population has two sub-populatio'ns'

women men

number 300 200  (population sizes each sub-population)
mean age 35 30 (mean scores each sub-population)

sd age 10 8  (these are sd not variances)

Display the full numerical calculations but do not reduce answers.

- 3
a. Within component of variance of age = E Var(age | sex) = ( )'— 500 T E

Zao -2
\ \/M.(ajef V) = 54 (a alw)f:é?@ Flm)= :
b. Between (}{)&I;P%l?znt”;f) v:nagrii{:)ﬁg);a \;r(ﬁ(age I seg) (ﬂ\fje 5@})) m 2 Jr U

12%

\ E(E agse’) — E (Elagelse)] = 35 21 302 (35 2 2) Lf’?

7153+é;"52—723—75‘62 Iy

- Elael)=35  Eagelm)=30 72(53-3) L 62(I0-H) = 7262 2 HeL 436041222
| \ c. Determine the varlancc of age over the entire population. =294 4216-257
= Cig-2 =
vw(ajﬂ)_—_ E vw{dsckeﬁ + VWE(GJC’SCK): —52%'}2.5?) =179 “L=258
5 12940+ 42¢ = {714

d. If you allocate a sample of size n = 36 according to the method of proportional sampling, how
ﬁny of the 36 will be selected randomly from the sub-population of women?

Z:36= L8 s 2 oy 22 heille, portid] 22 closer

e. If you cmploy the metho d mep

_Bned in (d) (proportionally stratified sampling) the variance
What is it? fow c/at?n to remove  Th .ée?lh/een

&?/&ﬂ\pouﬂﬁf Yhe T % %.. VM E[a clSQ{) ¥ fou 5mldw’ L,/ gtua
Section on "continuous" models. Probaboet, ‘ﬁ)/ [ net }/_}W{ onal \

3. Define f(x, V=x-y),for2<x< 3, 1 <y < 2 (zero elsewhere).

of the sample ean is no

a. Veri yhat f(x, y) is a density (two conditions must be satlsﬁed)

~ 3 2\
N U‘gx?‘)”ﬁ?‘*‘i/:' ovp the mlenel = j j [xy L:}:lg\
=V - 5 X
/(O/éx V£] o Ht,m‘r":ffi 5 {ly) s non regve) ¥ ;s__;f -4-4
b. Determine the marginal density fy(x) = L * 2, z ‘“(%2 "?) = }V/

E:

N\ ﬁ(x,y) Jf:fx—)w!y = Xy-¥% LZ: X-Z
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jZS/»* 25;/ },lz 5-2 ~(25-Y2) =

c¢. Determine the conditional density fy[ x(v I x = 2.5).
£ ee25y) Ly
/¥ y

d. Determine E(Y | X = 2.5).

[y8,x2 5)01)/: [ y@s=Ddy

=257 2 )z_ :
4{ 5% | "= 5~ & - (125 )
| | o/ 6D-32-151H :®
: . )PGQ E 12 2
Section on Confidence Intervals. é ! AS" as > |
L

4. A sample of n = 400 items is seledted at random, with equal probability, from a large
batch of items. So we may as well assume sampling is with-replaccment The sample mean for
score X = "sm ness ﬁmsh" is7 and the s ple sd of this score is s =

are - mm‘nﬁfcgﬁ Y Pop: s uot normg

s rfiate of the populati ISh score u?
(74= g) »

b. Determine a z-based (i.e. large n type) 90% CI for the population mean u (use thé appropriate
entry from the t-table appended to this exam). JC = pn-l= 299... muc 1 e Se"r +4 én The

it Iaue [ZO W ube | "’“\(7 0[ “t= | 645
v 50 - x++v—%__(7g) 615 £

c. Give the estlmated margin of error of the sample mes

\ Xt 96 = Al

a. Whatis

s czq%ﬂ oAt intorval

3. Refer to (4). Suppose the distribution of score x over the population is approximately
normal (i.e. the score x is "in control"). This entitles us to employ a t-based 95% CI for u
even for a sample of n = 3.

Ve,
a. Calculate (and reduce to a number) the sample sd of a sample {36, 40, 44} . ¥
\ Y = Setto+iY ~4p (36 WO+ (oo o) Letle )6
3

nl=2 :
g =Y= S, Gemple 54
" b. Usmg s from (a) determine a 95% t-based CI for population mean p. .

\ =2 Y3035 He + soe %., 0@9‘2 %= 025
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6. Bootstrap CI. An equal probability random sample X;, ..., X3jis selected with-replace-
ment from a population of thousands of business accounts. These 30 sample accounts are
audited in order to estimate the mean (per account) dollar amount u owed our company from
these thousands of accounts.

a. Illustrate bootstrap by supposing four bootstrap sample means X* (indiated by asterisks) and
the sample mean X (indicated by +). In the plot below, indicate the bootstrap 75% CI
(symmetric about X)with left and r}ght brackets [ ]. Four bootstrap replications is a toy number

chosen for illustration only. PR NG \
( * +\2ﬂ * 7&

b. Around what percentage of 75% bootstrap CI cover the populatlon mean u? Assume each
bootstrap CI is prepared using many thousands of replications, not the four of the toy 111ustratlon

above. 7E%; this the do Gnitten of sorts for CT -

or  wride o |
p(wﬁ{?i"fg%ﬁ}): 75+ O(H)

c. Repeat the illustration if instead we wish a 75% bootstrap CI for the population median and
the following are the bootst ap sample medians risks) and sample median (+) respectively.
Cact Sompe a5 a) %:p L

\ d. ;JE;’{});r;:ls:;J3 thematlcally the claim made for (any worthy) 95% CI agn:sco. C 4:/ j/{y/d/
P(BE{Br 45% wtshep T }) = 957 %ﬁ’ TWW%%
o TH)

Section on unbiased estimation.
7. A sample of n is selected from a population having mean ¢ and sd o

a. If the sample is with equal probability and with-replacement then

\ Ef:/[/

b. If the sample is with equal probability and without rplacement then
N EX= /(/

c. If the sample is with equal probablhty and with- replacement then .

“I%{d@*
Es? = O_Z
1
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. 8. Independent samples X;, ..., Xjy are selected from the uniform density on the interval [0, 4]
where 8> 0 is not known. The density is

f(x16)=1/86,for 0 <x <. b{ni%ﬁ Losed on O

a. Give an unbiased estimator of 6 based on only the first sample X;. Show that it is unbiasij.
by

N 2%, NotGue 6n Shoing .+ ég.h £ you s )
_ (b nlE A7 ~ Y
o E(2%)= g de="5 (5= £-07 OELF Lk

b. One of the estimators below is the conditional expectation of (a) relative to a sufficient statis- ©
tic. It is also unbiased for # and also has minimum possible variance, at every 8, of any unbiased
estimator of 8. Which one is it?
Xb veey X3O} s - .
(30/29) Max(Xy, -, Xa}) L/A); 7 T is bated, ZX s o su¥oony
2X | ad X, — 12K has o suktilency ..
14 X;- 12 X gaot 2Ky a bLove |
c. Determine E(14 X;- 12 X;). = V{E(Xr)" !Z E(KIS:Z E(Xf) 80(
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@ o be 6
e 95 ey S (g
U ( lecreases {wt@/,

“5 5

ww*\

5(4[:‘!13 Slax ién This M/ will be @ ¢
b 'th Aﬂv}qﬁ l«*f’/f‘y' ' /ﬂﬁ!f/ Yy,

5w




e T TN

" |

10 05 025 01 : 005 001 , 0005

1 3.078 6.314 12,706 31.821 63.657 31831 636.62

2 1.886 2.920 16,965 9925 22326 - 31598

3 1.638 2353 . 3.182 4.541 5.841 10213 12.924

4 1.533 2.132 2.776 3.747 4604 7.173 2.610
5 1.476 2.015 2,571 3.365 4,032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959"
7 1.415 1.895 . 2365 2.998 . 3.499 4.785 5.40%

8 1.397 1.860 2.306 2.896 3.355 ' 4.501 5.041

9 1.383 - 1.833 2.262 2.821 3.250 4297 4.781
10 1.372 1.812 2228 27164 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3,055 3.930 4318
13 1350 . 1771 2.160 2.650 3.012 3.852 - 4.221
14 1.345 1.761 2.145 2.624 2.977 . 3.787 4.140
15 1.341 1.753 2.131 2.602 2.947 _ 3.733 . 4073
16 1.337 T 1.746 2.120 2.583 2.921 3.686 4015
17 1333 1.740 2.110° 2.567 2.898 3.646 - 3.965
18 1.330 1.734 2.101 - 2552 2.878 ' 3.610 3.922
19 1328 1729 2.093 : 2.539 2.861 3.579 3.883
;20 1.325 1725 2.086 2.528 2.845 3.552 3.850
.21 1.323 1.721 2.080 2.518 2.831 3.527 3.819 .
) 1.321 1.717 2.074 2.508 2.819 3505 @ - 3.792
. 23 1.319 1.714 2069 2.500 2.807 3.485 - 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
.25 1.316 1.708 2.060 2485 2.787 _ 3.450 : 3.725
© 26 1.315 1.706 2.056 2479 2.779 3435 3.707
27 1.314 1.703 2.052 2473 2771 3.421 3.690
© 28 1.313 1.701 2048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2462 2756 3.396 ' 3.659
30 1310 . 1.697 2.042 2457 2.750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3365 3.622
34 1.307 1.691 2.032 2.441 2728 3.348 3.601
36 1.306 1.688 2.028 2434 2.719 3.333 3.582
| 38 1.304 1.686 2.024 2.429 2.712 3.319 3.566
40 1.303 1.684 2021 2423 2.704 - 3307 3.551
50 1.299 1.676 2.009 2403 2.678 - 3.262 3496
60 1296 1.671 2.000 2.390 2660 . 3232 - 3460
120 1.289 1,658 1.980 2.358 2617 : 3160 - . 3373

- 1282 L0 > 236 2576 ©3000 3291




