
STA220 Midterm 1, Feb. 7, 2023

(80 minutes; 5 questions; 7 pages; total points = 48)

Do not open this test until told to do so. Try to answer as many questions as you

can. Write down your name, email and student number at each page of the assignment.

Aids allowed: a single non-programmable calculator, and course notes (both printed and

handwritten). No devices are permitted. Please write your answers in the space provided,

only. You should explain all of your solutions clearly. A full mark will not be given for an

answer without explanation. Point values for each question are indicated in [square brackets].

Academic Integrity Acknowledgement Form

The University of Toronto’s Code of Behaviour on Academic Matters outlines the behaviours

that constitute academic misconduct, the processes for addressing academic o↵ences, and

the penalties that may be imposed. Potential o↵ences include (but are not limited to):

• Looking at someone else’s answers during the exam.

• Letting someone else look at your answers during the exam.

• Misrepresenting your identity or having someone else complete your exam.

• Sharing or posting the exam questions during or for 24 hours after the exam.

Prior to beginning this exam, you must a�rm that you will follow the Code of Behaviour on

Academic Matters in the completion of this exam, by completing the following statement:

I, (print your full name), agree to fully abide by

the Code of Behaviour on Academic Matters. I promise not to commit academic misconduct,

and am aware that significant penalties may be imposed if I do.

Signature:



1. You decided to study the influence of exercising on sleep quality. You asked six of your

friends how many times they did exercise last week. Unfortunately, you forgot to record one

of your measurements, so you have an incomplete list of six measurements

exercise = 0, 4, 1, ?, 1, 5

(a) [2] Given that the mean is equal to 2, can you recover the missing measurement? If

yes, what is the value?

(b) [2] Given that the minimum is equal to 0 and maximum is equal to 5, can you recover

the missing measurement? If yes, what is the value?

(c) [2] Given that the median is equal to 1.5, can you recover the missing measurement?

If yes, what is the value?

(d) [2] Given that the first quartile is equal to 1 and the third quartile is equal to 3.75,

can you recover the missing measurement? If yes, what is the value?

Yes, you can

mean =0
? +1+5

=2 =11 +1
=12E1

No, you cannot

I can be any number between 0 and 5.

Yes, you can. Let's sort
the values 01145

If?
=1, e.g.0:17745-median-21in

If? 3, 4, e.g.
Thus 0 IIT45and median==1.5=>2
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Ifn =6 => positions for Q, and as

are 2.25and 4.75

27145=0, =0.25X
0:145or 01?/5 => 03 =3.25X
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011/5?=> 93 =4.75x

Thuso45 => Q,=1 and @3 =? +(Y- 3).0.75 =3.75=E73



(e) [2] Given the histogram, can you recover the missing measurement in exercise? If

yes, what is the value?

(f) [2] How would you use this histogram to find the proportion of your friends who

exercised last week? Explain your steps.

(g) [2] Given the boxplot, can you recover the missing measurement in exercise? If yes,

what is the value?

(h) [2] Given the same boxplot, can you recover the lower and upper fences of exercise?

Yes, you can.

Fromthe histogram:

0,1,1,4,5,5 =5

⑮the heights sL

sure the heights
V

⑤r r r r

yes, you can
is whisker's end,

·

Thiswhich shouldbe an obser-
L
ration from the data!

Thus I6_

yes, you can

from the boxpeot Q = 1 Q3 = 4.75 => IQR =3.75

E=1-15.3. 3895



2. Now you asked the same six friends (in the same order) how many hours on average did

they sleep last week. Again, you forgot to record three of these measurements

sleep = 6, 10.5, ?, ?, 6.5, ?

(a) [2] Given the scatterplot, can you recover the missing measurement in exercise? If

yes, what is the value?

(b) [2] Given the same scatterplot, can you recover the missing measurements in sleep?
If yes, what are the values?

(c) [2] Use the same scatterplot to answer the following question. Is the correlation

coe�cient between exercise and sleep close to 1, -1 or 0? What does the correlation

coe�cient say about the relationship between these variables?

(d) [2] What will happen to the correlation coe�cient if you replace average hours of sleep

per week by the total number of hours of sleep per week?

(4,10.5)
(5,1) ease(;1,051?(?:1071

(2,8) From the plot, the observations

in exercise are 0, 1, 1,2, 4,
5 =>

(1.7)

(0,6) (1,6.5)
=2!

exercise 0
From the plots 5Hl?1?171
exercise=5= sleep =1/ sleep
exercise =2 => sleep =8 I => sleep =6, 10.5,18,6.5,exercise =1 => sleep =6.50r7

Positive trend, close tolinear =>I1
On average, increase in exercise implies increase in sleep.

This is equivalentto considering sleeptotal=sleep. 7.

Correlation is scaleinvariant itwillthesame



3. You roll two dice and consider two events (both about the same experiment!):

A = you get five exactly in one roll; B = the product of the two scores is divisible by 10.

(a) [2] What is the probability of A?

(b) [2] What is the probability of B?

(c) [2] List all the outcomes from A =B.

(d) [2] Are events A and B independent?

Two options: firstro"s5scondrolis".3en

P(t) =5.5 +5 .5 =E3=

Two options: firstroyis5 secondroll""
end

p(B) =5.5 +5.5 =5 =1

ArB
=2(5,2),(5,4),(5,6),(2,5),(4,5),16,5)3

Actually, AlB =B B
A

S

p(A1B) =E =P(A).P(B) =7.I = pendent



4. It is estimated that 20% of emails are spam emails. Some software has been applied to

filter these spam emails before they reach your inbox. A certain brand of software claims:

(1) it can detect 99% of spam emails;

(2) the probability for a non-spam email to be detected as spam is 5%.

(a) [2] Restate (1) and (2) in terms of conditional probabilities. (Hint: use events

A = an email is spam; B = an email is detected as spam)

(b) [2] Draw the tree diagram.

(c) [2] Use this diagram to compute the probability that an email is detected as spam.

(d) [2] Given an email is detected as spam, what is the probability that it is in fact a

non-spam email? (Hint: express this question in terms of conditional probability first)

P detectas spam/spam) =P(B(A) =0.99

P (detectas spam/not spam) =p(B/A)
=0.05

P(B(A) =1- P(B(A) =1.0.99

+ defectedto↓
0.2spam

detectedos/ P(B/A)
=1- P(B(7) =1 - 0.05*as *

L

spam -.95-

P(B) =p(detectas spam) =P(B1A) +P(B1A) =
=P(B1A). P(A) +P(B1A). P(A) =(see red branches)

=

0.2.0.99 +0.8.0.05 =8,

P(A,B) =PANB) -aF1).P(F) =00005ore



5. A standard 52-card deck comprises 13 ranks in each of the four suits: clubs (∫),

diamonds (∂), hearts (∏) and spades (π). You repeat the following experiment four times:

(1) You pick one card at random from the deck.

(2) If the suit of your card is hearts, you win 5 dollars; otherwise, you win nothing.

(3) Then you return the card back to the desk and shu✏e it.

As a result of this game you can win 0, 5, 10, 15 or 20 dollars.

(a) [2] The probability to win x dollars is 0.2109. Find x.

(b) [2] Write down the distribution table for you cash prize.

(c) [2] What is the expected value for you cash prize?

(d) [2] How will the distribution table change if we replace (2) by ”If the suit of your card

is hearts, you win 5 dollars; otherwise, you lose 5 dollars?” What will be the new expected

value for the cash prize?

[END OF EXAMINATION; total points = 48]

y =number ofVictories x =cash prize

Y has Binomial distribution
with n =
4
p =0.25

P(y =k) =0.2109 => k
= 2) from the table)

If we won y rounds, we won X=5.y in totae =>10$

-spoSSPPIESAN
probability

E(X) =2x.p(X=x) =0.0.3164 +5.0.4219 +10.0.2109 +
+15.0.0469 +20.0.0039 =

=1

EX = - 20.0.3164 - 10.0.4219 +

+0.0.2109 + 1000.0469 + 20.0.0039 =-sposIs0PSN = 10
probability




