McGILL UNIVERSITY

FACULTY OF SCIENCE

DEPARTMENT OF MATHEMATICS AND STATISTICS

189-324B INTRODUCTION TO STATISTICS

FINAL EXAMINATION

Thursday April 14, 2005 2:00 P. M. to 5.00 P. M.

Examiner: Dr. C. 1. Petros
Associate Examiner: Professor W. Anderson
INSTRUCTIONS

» Attempt all questions
» This exam will be marked out of 100.
» Non-programmable calculators are allowed

» All computations should be correct to 2 decimal places

This exam comprises of the cover, 3 pages of questions, 1 page listing
distributions and 3 pages of tables.



McGill University

MATIH 324 FINAL EXAMINATION Thursday April 14, 2005 2:00PM - 5:00PM

1. LetYy, Y3, ..., Y, be a random sample of size n from an infinite population with mean
1 and variance o

T n
(a) (8 Marks) Show that Z(Y; -Y)? = Z(K —1)* = n(Y — 11)%. Hence or otherwise
t=1 i=1
2o (Y~ Y)?

n—1

show that S? =

is an unbiased estimator for o2

(b) (6 Marks) Assuming thal the Y;’s are a sample from a normal population, obtain
a 95 % confidence interval for the mean u using the data for the heights of sons
in Question # 4(c).

2. Let Y1, Y5, ... Y, be a sample of size n from a population with density

1 ¥
() ) §e” >0 y>0
) { 0 elsewhere

Find an estimator for § using the

(a) (5 Marks) Method of Moments

(b) (5 Marks) Method of Maximum Likelihood

(c) (4 Marks) Show that the estimator in (b) is sufficient for 6
)

(d) ( 6 Marks) A pollster is asked to estimate the level (percentage) of support for a
certain candidate a week before the election. The maximum permissible error in
the estimate is 1.5% with probability of 95%. How large should the sample be?

3. Let Y be a random sample of size 1 from

Loyt o<y <1, 08>0
Jy) = { 0  elsewhere
(a) (6 Marks) Obtain the power function of the test with rejection region: ¥ > 4

(b) ( 6 Marks) Based on a single obscrvation Y, find a uniformly most powerful test
of size ¢ for Hy : 60 =2 against H,;: 0> 2
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4. Consider the linear model Y; = o + Bx; + ¢; where e; ~ N(0,0%) fori=1,2,...n.

(a) (6 Marks) Obtain least square estimates for o and f
(b) (4 Marks) Show that @& and 3 the estimators of & and # in (a) can be expressed

as n
&=> Y and = idm
==l =1

and that
(8 Marks)

ZCi:l ZCQ'.’L'E'ZO
Zdizo Zd‘h[’t:l

What can you conclude about the distributions of & and 3

(c) (6 Marks) For the following data where z = father’s height and y = son’s height

x| 60 62 || 64| 65 66 67 68 70 A NE:
y: || 63.6 || 65.2 || 66 || 65.5 || 66.9 || 67.1 || 67.4 || 68.3 | 70.1 || 70

compute B and test H,: 3 =1 against H; : § <1 at o = 0.01

. L
B() =8, Var() = g, §'="2" "

- n—2

What does £ < 1 signify?

5. (8 Marks) The number of accidents in the city of Montreal was observed for 400 days

and the result is tabulated below.

# of accidents || Frequency
0 290
1 74
2 20
3 10
4 4
>5 2

At 5% level of significance, test the hypothesis that the data came from a Poisson dis-
tribution.
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6. (a) (8 Marks) A consumer testing service wishing to test the accuracy of thermostats
of three different models of electric irons A,B,and C | set them at 480°F and ob-
tained the following actual temperature readings.

A || 474 || 496 || 467 || 471
B || 492 | 498
C | 460 | 475 | 490
Set out an ANOVA table and carry out a test at the 5% level of significance

whether there is a difference among mean readings of the three types of thermo-
stat, at a true temperalure of 480° I,

(b) (6 Marks) For a two-way ANOVA the following partial table is given. Fill out
the missing information and test at the 5% level whether there are treatment and
block effects..

Source of Variation || df || Sum of Squares | Mean Square || F
Treatments 3 52.8 - -
Blocks - 73.2 - -
Error 12 - -
Total 19 153.20

7. (8 Marks) To determine the effectiveness of a new traffic control system, the number
of accidents that occurred at 12 intersections during 4 weeks before and 4 wecks after
the installation of the new system were observed. The following are the results:

Intersection 1482|134 67189 1014 11 || 12
Accidents before |31 5| 2 || 3 JNol401y 6 4 1
Accidents After Ly 20220233l 4 1 0

Lo O

Use the sign test for matched pairs at the 0.05 level of significance to test Hy @ 1 = o
against f1, : p, > p» where py and pp are the average number of accidents per week
before and after the installation of the new systern.

8. (8 Marks) Let ¥7,Y5...,Y], be a sample of size n from a N(u,c?) distribution,

and let Y = Lig¥ and S? = —lZM-)— Name the distribution of each of the

T me-- 1
g
( )
/\/_

) Z (YQ ;H)




Momeni-

Generating
Distribution Probobility Fenction Mea Vorlanes Function
Binomial POy = (:) PA-pP Y np(l — p Ipe' + (1= pF
y=0,1,..,n
Geometric PO = p(1— pp Y, 1 1-p pe'
y=12 ? I 1—{1—p)e
Hypergeometric pO) = (;) ("N:;) nr n (L) N-— N-—n
( ﬁ') ’ N N N NLT)
y=01,.. . ,nifn<r
y=01....rifn>r
. Weh '
Poisson POy = i A A explale’ — 1)}
y=0,12,
Negative binomial | p(y) = (g:;) P — T r 2P) [ et ‘]'
‘ yerril P 1—(1~ p)
. 1 8+, ©,- 8, et
Usiformn for =g g == z 12 10,-8)
o2
Normal f(y) = ——exp [ ( ) - u)z] M a’ eXP\W + T)
—00 < ¥ < o
1 ) -
Exponential fon= Ee*’w’; B=~0 B A a-pnt
Q<y<oo
Gamma f = [ | yter, op ap? -
L)
- O<y<oco
(y)(vﬂ)-lg'“)ﬂ -
i =T v 2v (1-12r)
Chi-square f» R
¥ >0
Fo+87 a1 fel @ op tet
= | — 11— H ————— does not exist in
Beta o [F(a)r(ﬁ)]" = B @rAEABHD o form

d<y<l1
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