
STA220 Midterm 2, Mar. 14, 2023

(80 minutes; 4 questions; 8 pages; total points = 48)

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

can. Clearly write down your name and student number on the front page. You can use a

non-programmable calculator, and course notes (printed and handwritten). No devices are

permitted. 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.
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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. Suppose a random variable representing the internal body temperature of a randomly

chosen mouse (measured in Celsius) follows a normal distribution with a mean of 36
`
C and

a standard deviation of 2
`
C.

(a) [2] What is the probability that a randomly chosen mouse has a body temperature of

exactly 38
`
C?

(b) [2] What is the probability that a randomly chosen mouse has a body temperature

between 34
`
C and 37

`
C?

(c) [2] Find the value of a such that 25% of mice have body temperature less than a`C.

X=body temperature (C)

x-N(36,27
P(X =38) =1 as Xis continuous

P(34 =x =37) =p(236253536) =
P(- 1 =z =0.5) =P(2 =0.5) - P(2 = - 1) =(table)
=1 - 0.3085- 0.15878
Here z-N10,1)

P(z =-0.67) =0.25 (table)

P((36 - 0.67) =P(X
=36 - 0.67.2) =

P(x =34.66) =266



(d) [2] Find the value of b such that 10% of mice have body temperature more than b`C.
(It may be helpful to draw the distribution curve first)

(e) [2] If we take a sample of four mice, what is the distribution for the average body

temperature of these mice? Explain why.

(f) [2] To convert temperatures in degrees Celsius to Fahrenheit, multiply the value by

1.8 and add 32, i.e.
`
F = (

`
C ✓ 1.8) + 32. What is the distribution of body temperature of

a randomly chosen mouse measured in Fahrenheit? Explain why.

↑(z = -1.28) =0.1 (table)
4(z = -1.28) =P(z) 1.28) =
P(*3 1.28)

=P(X3,36 +1.28.2) =

P(X,38.56) ->756

X
, . . . Xy wN(36,22) =

x=1+Y- w(36,2) -,1)
I

exactly, not approximately

y =1.8.x+32 =7

3vN(1.8.36+32,18222)
=3.62)/



2. Suppose you roll a fair four-sided die (with values 1,2,3,4) and denote by X a random

variable that represents the score that you got in one roll.

(a) [2] Write down the distribution table for X.

(b) [2] Find the expectation E(X).

(c) [2] Find the variance V ar(X).

(d) [2] Denote by Y the random variable that represents the average score in 50 rolls.

What is the distribution of Y ? Explain why.

I

M
=E(x) =1.4 +2. +3.4 +4. =lit

I=Var(X) =11 - 2.5)?4 +2-2.52 +B-2.5) +(y-z.c =
15+952+95+152 =5+252=

By CLTx=1**soa**N(M,0) =
N(2.5, )*(00)(



(e) [2] Find the probability that the average score in 50 rolls is less than 2.

(f) [2] You rolled the die 50 times and got a sample of 50 scores. In this sample: score

1 appeared 15 times; score 2 appeared 10 times; score 3 appeared 15 times; and score 4

appeared 10 times. Use this information to find the sample mean.

(g) [2] Use the sample mean and the prior knowledge about the theoretical variance from

part (c) to find the 95% confidence interval for the average score when rolling a four-sided

die.

(h) [2] Does the confidence interval cover the theoretical value of the expectation from

part (b)? How can you explain this result?

P(x<2) =4(s) =
P(z =

- 3.162) =408 (table)
Here zu N10,1)

x, . . . (n =(1. - - 12... 2 3... 3 4...4 SI↳it was ne
15 10

x =1315+4.1=

95% CI with wh 6

125- 1.96 5+1.96.2] =

12.4 -1.96.0025, 2.4 +1.96005]
=(713)

M =2.5 =>CIdoes covers M

95% of samples will
resultin 21 thatcovers

population meany.) We are in these 95%



3. A professor is interested in estimating the average GRE score of admitted graduate

students at U of T. To do so, they sampled the scores of 30 graduate students and computed

the sample mean and sample standard deviation. The resulting 90% confidence interval is

[275, 325].

(a) [2] From the provided information, can you recover the sample mean? If yes, what is

the value?

(b) [2] From the provided information, can you recover the sample standard deviation? If

yes, what is the value?

(c) [2] From the provided information, can you calculate the 80% confidence interval? If

yes, what is the value?

(d) [2] The curious professor took 1500 graduate students at U of T and split them into

50 groups of 30 students. For each group, Professor calculated a 90% confidence interval (50

intervals in total). How many of these intervals will not cover the average GRE score of

admitted graduate students at U of T?

It is the midpointof21 =>c =x25-

widthof the interval = 25= teg
tegE
90%
=1.7 (tas(e)

=>s
=25.=

n =30

80%CIis 15-tig,c+ ti]
80.547

+=1.31 =) (300 -1.315) 300 +1.31.547] =

↳5,319.2653/

90% of CI should cover the population

parameter M
=10% will not

In total we have 50 CI=> 1 of them
will not coverM



4. The overall acceptance rate at U of T is 40%. The professor wants to test if there is a

gender bias at U of T and if the acceptance rate for female applicants is di↵erent from the

overall acceptance rate.

(a) [2] State the null and alternative hypotheses. Is the alternative one or two-sided?

(b) [2] In 2023, 49 out of 100 female students who applied to U of T were accepted. Use

this information to find the test statistic.

(c) [2] Use the test statistic from part (b) and the significance level ↵ = 0.1 to make a

conclusion about the gender bias at U of T.

M =average acceptance rate for females

Ho:M=0.4 Ha:MF0.4 (two-sided)

it =49/100 =0.49 p =0.4 n =100

zobs-n=

p-racue = P(12) > (Zobs))
=2. P(2 x - 1.837) =

2.0.0329 =58 (+ab(e)

-value!Orejectfarareises



(d) [2] Can you make the same conclusion at significance level ↵ = 0.05?

(e) [2] How the result in part (d) would change if the professor was testing that U of T

favors female students (i.e. that the acceptance rate for female applicants is higher than

the overall rate)?

(f) [2] What is the minimum number of accepted female students (out of 100) required

to reject the hypothesis in part (e)?

[END OF EXAMINATION; total points = 48]

as p-value > 0.05=>

we do not
have enough evidence to

conceni95%confidence that
there is a gender bias

Ho:M =0.4 Ha:M30.4 (one-sided)

p-racue=P/2< zoss)
=19

prahe005rejecttofavorofatthe
adewored

If He is rejected -> pramue <0.05,P (2 x zoss) = 0.05 => Zobs), 1.65

n;"1.65 =)m/100, 1.65 +0.4 =0.481

Thus m>48, i.e mg is the minimum number

Check:If m =48 Zons =0, =1.633 =-

p-value
=0.051630.05
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