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1. A university has two campuses — a downtown campus and a suburban campus. A total
of 300 students from both campuses are surveyed. The following is a histogram of the
commute times (in minutes) from home to campus the students spend on a typical
weekday.
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a) Describe the shape of the distribution of the commute times. [1 mark]
Bimodal (one peak at ~ {5 and another at ~55)
and Asymmetr cal.

b) Where does the mean commute time fall? Circle the most appropriate answer. [2
marks]
@Below 50 minutes.
B. Between 50 and 60 minutes.
C. Above 60 minutes.

¢) Where does the 40th percentile of the commute times fall? Circle the most ap-
propriate answer. [2 marks]
A. Between 20 and 30 minutes.
B. Between 30 and 40 minutes.
@ Between 40 and 50 minutes.
D. Between 50 and 60 minutes.



d) We now look at the commute times for students going to the two campuses sep-
arately. The following are side-by-side boxplots of the commute times.
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Which of the following statements is / are correct? Check all that apply. [4 marks]

_ For students going to the downtown campus, the maximum commute time is
between 20 and 40 minutes.

__ For students going to the downtown campus, the distribution of the commute
times is roughly symmteric.

¥ The commute times of students going to the suburban campus have a larger
IQR than those of students going to the downtown campus.

¥ Over 75% of students going to the suburban campus spend more than 40
minutes on commuting.

___ None of the above.

e) The sample of 300 students who are surveyed consists of a simple random sample
of 80 students drawn from the downtown campus and a simple random sample of
220 drawn from the suburban campus. Identify the population and the sampling
method used. [4 marks]

Population: f\_l_\ students of the umvérsity (from both mmPuSGS)

Sampling method: ~ Strabfied random  sampling (campus 15 @
strotum)



2. In the same survey, the 300 students are also asked if they take bus or drive to campus.
Among the 80 students going to the downtown campus, 48 take bus and 32 drive.
Among the 220 students going to the suburban campus, 132 take bus and 88 drive.

a) A student is randomly chosen from the 300 students.
Define two events:
A = The student goes to the downtown campus.
B = The student drives.

Are A, B independent events? Justify your answer. [4 marks]

P(A ard B)
. 30 _32t88 10 _P(A and B) RIA) = ——
PlA)= 300 P(B)="Fp0 = £ PlAIR)= "5 PBIA: 5
PLAand 13)"5-7‘— - 0.1067 _ 32/300 = 32/300
120/300 80/300
PLA)x PB) = 55 « 1,,%%- = 3%, =32/g0
= 0.106% =OZ£>(:>'} =0.4 )
=P(A and B) PLA) =35 | = P(®)= 300

i A, B are ndependent }
b) Two students are randomly chosen from the 300 students without replacement.
Given that both students drive, what is the probability that they go to different
campuses? Circle your answer. You need not show any calculation. [2.5 marks]

A. 0.0314 B. 0.0628
32 .88 88 32
C. 0.1972 (D)o.3%44  * 20 1@ * 120 *Tig

¢) Five students are randomly chosen from the 300 students with replacement. What
is the probability that at least one drives to campus? Circle your answer. You
need not show any calculation. [2.5 marks]

A SCRI D) 5.1 (4
©1- a4y 0. (1- By

Plot teast L drives)
=1~ P(none drives)

P (all toke bus)
_ g2+ 132.)9

= 300



3. CleanSmile Corporation makes electric toothbrushes. The lifetimes of a model of elec-
tric toothbrush manufactured by the company are normally distributed with mean
34 months and standard deviation 7 months. Any toothbrush that fails during the
warranty period will be replaced free by the company.

a) How long should the warranty period be if the company does not want to replace
more than 2.5% of the toothbrushes? [4 marks|

Answer: The warranty period is _ 20. 2% _ months.

Show your calculation:
X = lifetime of a toothbrush ~ N(M=34, 6= 3)
Toothbrushh will be veplaed of 18 bfetime X o
shorter than the warranty pencd w
ie. P(X<w) = 0,025

Z-Swre. for W s -1.96

-1,96 = wi: w- 3¢
2 +

W= 3% — 1L96 (#) = 20.2%

0F use £8-95-99.% rule
W s 25D below™ o

W= 34%-2(3) =20

b) Fill in the blanks. Give your answers in two decimal places. You need not show
any calculation. [2 marks]

The lifetimes of the electric toothbrushes in years will have

mean _283 4" and variance 024 ¥r*
4

3 iy
12

:l.z.
i2*

o



4. In a factory, trainees are trained {o operate a device to assemble a product. By the
end of a one-month training period, they will be hired if they successfully assemble 5
or more products within an hour. Based on the existing training method, the number
of products that are assembled within an hour by a trainee after training, X, has this
probability distribution:

T | 2 3 4 5 6
P(X=z) | 001 001 0.6 067 015

a) E{(X) is computed to be 4.94. Interpret this value in the context of this question.
[2 marks] I we repeated! y observe tha troinees, the lon_g run
average of # prducts assembled within an hour by
These trainees s 494,

b) What is the probability that in a random sample of 130 trainees, more than 80%
are hired at the end of the training period? You must use an approximation
method to solve this problem. State any assumptions you make in your calcula-
tion. [6 marks|

Y = # trainees who are hiced ~ B (n= 130, p=0,63+0.5

=0,%2
p = sample proportion of 130 o )
trainees who will be hired probability of
i assembhng 25
Check cond thons - S

L) The sample s random
(2) n=130< 5% of all toinees (s is an dssumphon)
(3) np=130(082) = {06,671 ; nli-p)=130(0.18)= 23.4>10

Normal approx. '\:03 Normal approx to Binomial
P 2EF (=0 82, Y REPPR N (= np= 1066,

s(3)= 'o B2(0. \8) 0033-9 0 =2[npli-p) =H.3804)

P(Y> 0.8 »130)

P(p > 0.8) =p(Y >104) = P(Y=105)
p-v.g2 . 03-082 = P(Y > 104.5) + Continuity
“0.0351« 0‘033} Correchon

= p(g > —0.59) P(Y“&i;goézﬂ m'z;?“—f@b

= |- 0.2%%b /@ = P(Z >-0.48%)

= 0.3224 S 5 [ =1-03i56 o

0% 0.%2 = 0,844 /:;;___




¢) There is a new method for training workers to operate the device. The training
manager plans to conduct a randomized block design experiment to compare the
new method with the existing method. He will block the experiment by the
handedness of the trainees. Since left handers operate the device differently from
right handers when assembling products, handedness may affect productivity. The
incoming group of 100 trainees will participate in the experiment.

i. Explain the purpose of blocking by handedness of the trainees. [2 marks]
To elminate the effect of handedness oa
produckivity Of the troinees when Comparing the
2 traning methods.
ii. What are the treatments? [3 marks]
How many? __ Z
List them all: (\) ex Ishng trainm% method
(2) new trmining method

1ii. What is the response variable? Limit your answer to 10 words. [2 marks]
The number of pioducts that are assembied
within an hour by o troinee

iv. Describe how the 100 trainees are assigned to the different treatments. [3
marks]

The troinees are first divided into 1 groups by
their handedness -
Within each goup (block), the trainees ore

randomized to ore of the 2 treatments.



5. In a city with over 500,000 registered vehicles, the costs of auto insurance of all regis-
tered vehicles have a mean of $1423 and a standard deviation of $533.2.
Sixty-five percent of all registered vehicles have auto insurance that costs over $1423.

a) True or false? The distribution of auto insurance costs of all registered vehicles
is approximately Normal. [3 marks]

Circle your answer: True

Justify your answer:
The distnbution s hot symmetric ~ more than 50% of

Insurand 0sts one grenter than the mean. Henw the disénbuhon

cannot be Normal,
b) Sixteen registered vehicles are randomly chosen. What is the standard deviation

of the total auto insurance costs of the 16 vehicles? Circle your answer. [2 marks)
A. $33.325 B. $133.3

@ $2132.8 D. $8531.2

c) Sixteen registered vehicles are randomly chosen. The number of vehicles (out of
the 16 vehicles) that have auto insurance costing over $1423 will follow (circle
only one answer) [2.5 marks)

A. approximately the Normal distribution with standard deviation %“;263.

B. approximately the Normal distribution with standard deviation \/ 16(0.65)(1 ~ 0.65).
C. approximately the Normal distribution with standard deviation / Mﬁll_*w_

@ the Binomial distribution with standard deviation \/ 16(0.65)(1 ~ 0.65).
E. both (B) and (D).
F. both (C) and (D).

d) Consider repeated random samples of 100 registered vehicles. The average auto
insurance cost, of the 100 registered vehicles over these repeated samples will follow
(circle only one answer) [2.5 marks]

A. a non-Normal distribution with standard deviation 533.2.

@ approximately the Normal distribution with standard deviation 57313‘6—3.

C. approximately the Normal distribution with standard deviation \/ 100(0.65)(1 — 0.65).

D. approximately the Normal distribution with standard deviation v M%p;@‘
E. the Binomial distribution with standard deviation \/ 100(0.65)(1 — 0.65).

F. Both (C) and (E).




