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INSTRUCTIONS
O This is a two-hour exam.
O This paper is graded out of 52 marks.
O The examination comprises six (6) problems. You should attempt ALL questions.
O All answers should be written in the spaces provided. You may use the back pages for
rough work.
O You may not tear pages from the examination paper package, it must be returned
intact at the end of the examination.
O Statistical tables are provided.
O You are allowed to use a non-programmable calculator.
O Notes or formula 'crib-sheets are NOT allowed. Please use a pen to provide your
answers. :
[0 Write your name clearly at the top of the first page.
O Round to 4 decimal places where necessary.
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Q1 (10 marks) A random variable X has the following probability distribution:

X=x 4 6 8
P(X = x) 1/3 1/3 1/3

a. (2 marks) Calculate the mean, y, and variance, o2,

Now consider all the possible samples (sampling with replacement) of size n = 2, shown
below:

1t observation | 2° observation

4 6 8
4 4,4 4,6 48
6 6,4 6,6 6,8
8 8,4 8,6 8.8

b. (1 mark) Complete the following table with the average of each sample, X.
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c¢. (1 mark) Complete the following table with the variance of each sample, s2.

d. (1 mark) Use part (b) to calculate the probability distribution of the sample mean X.

e. (2 marks) Show that X is an unbiased estimator of u.

f. (1 mark) Use part (c] to calculate the probability distribution of the sample variance,
e

S2=g2

P(S% =s5?%)
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g. (2 marks) Show that 52 is an unbiased estimator of a2.

Q2 (10 marks) We wish to estimate the annual income of households in a particular
community for the year 2017, In 2016, the entire community had an average annual income
of C$50,000 with a standard deviation of C$5,000. A sample of 625 households is randomly

selected. Let X denote the mean annual income for this sample.
a. (2 marks) Calculate the mean of X.

Q.

b. (2 marks) Calculate the standard error of X.

c¢. (2 marks) According to Central Limit Theorem (CLT), describe the sampling
distribution of X,

[V
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d. (2 marks) Calculate P(X > $50,050).

e. (2 marks) Suppose we select another random sample of 700 households (n = 700).
Let X' denote the mean annual income of this second sample. Of the two estimators, X
and X', briefly explain which is more efficient.

Q3 (12 marks) The US Commission on Crime wishes to estimate the fraction of crimes
related to firearms in an area with one of the highest crime rates in the country. The
commission randomly selects 600 files of recently committed crimes in the area and finds
300 in which a firearm was reportedly used. Let 3 denote the sample proportion (i.e,, the

fraction of crimes related to firearms).

a. (2 marks) Calculate the sample proportion, 3.
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b. (2 marks) Calculate the variance of .

\/a((/f)) = "\/\37&(\’\/’\5' ~ 0-5X0°5 -p-oDY
[ o g L
N

¢. (2 marks) According to Central Limit Theorem (CLT), describe the sampling
distribution of .

%7“' N l?, /\Zﬁ((l\:fl,> > //\\7 ~ /\/(0’5, Oerelel g

DR inwes

d. (2 marks) Calculate the margin of error (ME) for a 95 percent confidence interval

for the population proportion of crimes related to firearms, p.

AR s 2 W E ol 6%

ME = [9px0-0p =0-0224d

e. (2 marks) Construct the 95% confidence interval for p.
A . AP !
= A =R L Al
2 = s ME 003

The A5 B¢ 3- 152 (0-460%, 0-£393)
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f. (2 marks) Briefly interpret the confidence interval you produced in part (e).

Q4 (6 marks) Since you are particularly interested in a certain foreign sedan, you decide to
estimate the average resale value of this car model with a 95% confidence level. You obtain
data on 16 recently resold sedans of this model. These 16 cars were resold at an average
price of $13,800 with a standard deviation of $800. Assume that the resale price for all cars
of this model is normally distributed.

a. (2 marks) Given the small-size sample and without knowing the population standard

deviation (i.e, ) , describe the approximate distribution of the standardized sample
mean of resale price (i.e, the standardized X) with the parameter (s) indicated.

b. (2 marks) Calculate the margin of error (ME) for a 95% confidence interval for the

true mean resale price of all such sedans.

Page 7 of 14



¢. (2 marks) Construct the 95% confidence interval for the true mean resale price of all

such sedans.

Q5 (8 marks) Canadian financial regulators have imposed stricter rules on the banking
industry since the last financial crisis (2007-2009). In order to analyse the impact of new
regulations on the disclosures related to credit losses, we collect annual data on credit losses
(in millions of C$) from four Canadian banks, both before and after the financial crisis.

Assume credit losses are normally distributed.

Bank Before (X) After (Y) Difference
1 8 4 -4
2 5 6 1
3 3 7 4
4 12 19 7
Sum 8

a. (2 marks) Calculate the sample average of the differences.

b. (2 marks) Calculate the standard deviation of the differences.
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¢. (2 marks) Calculate the margin of error (ME) for a 90 percent confidence interval for

the true mean difference in credit losses before and after the crisis.

d. (2 marks) Construct the 90 percent confidence interval for the true mean difference

in credit losses,

Q6 (6 marks) A random sample of 25 temperatures over a one-week period is obtained. The
sample variance is found to be s? = 100, Assume that temperature is normally distributed.

a. (2 marks) Describe the distribution of the sample variance and indicate the
parameter (s) of the distribution.
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b. (2 marks) Find the upper-tail and lower-tail %* scores for a 95% confidence interval
from the distribution table. 2

723 =0 = e
A =005 = Ay = taw 0038 29.36 4

2 J
— ‘ B il
7(0—1) |-y A 2%, 0TS |2-70 |

c. (2 marks) Construct a 95% confidence interval for the true population variance in

temperatures. ;
S Cis LeL = Q’)_Q_?_.S.
7@4,1—"‘/; Yoo 41
WCL = Y RIS ek = 2O
| 2-40l 3'7]36 4
= 113.557% — D676

‘ ‘ £22%)
The 28% ¢ 3. i5:(Lo-A6T % A3->
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