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Economics 250 : Introduction to Statistics

Midterm Exam I:
Time allowed: 120 minutes.

Instructions:

READ CAREFULLY. Calculators are permitted. At the end of the exam are several
formulae. Answers are to be written in the examination booklet. Do not hand in the
question sheet. You are to answer ALL questions. SHOW ALL YOUR WORK. Most
of the marks are awarded for showing how a calculation is done and not for the actual
calculation itself!

There are a total of 100 possible marks to be obtained. Answer all 9 questions (marks
are indicated)

Do all 9 questions

1. (10 marks) There are two stocks A and B. Twelve samples for each stock are taken
at the same time in a month.

Stock A: 21 22 27 22 18 19 23 28 36 33 22 19

Stock B: 40 55 62 50 43 55 58 60 65 42 45 55

(a) What is the mean stock price for each sample?

(b) Find the range of the stock price for each sample?

(c) What is the standard deviation of the stock price for each sample?

(d) Calculate the C.V for each stock and which stock should you purchase? Explain.

(e) Supposed two stock A and B are independent discrete random variables. If the
value X of the portfolio can be represented by the linear combination X = 0.8A+
0.2B, what is the expected value of X and the variance of X.
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ANSWER:

a) A = 24.17, B = 52.5.

b) rangeA = 18, rangeB = 25

c) SDA = 5.7, SDB = 8.372.

d) CVA = 0.236, CVB = 0.1595. Stock B will be preferred to.

e) X = 0.8A+0.2B = 0.8∗24.17+0.2∗52.5 = 19.336, V (X) = 0.82∗5.72+0.22∗8.3722 =
23.5972.

2. (10 marks) Two variables X and Y assume the values

X : {2, −5, 4, −8}
Y : {−3, −8, 10, 6}
Calculate

(a)
∑4

2(Xi + Yi)(Xi − Yi).

(b)
∑4

i=1Xi
∑4

i=1 Yi and
∑4

i=1XiYi, are those two the same? Why?

(c)
∑3

i=2 Y
2
i and (

∑3
i=2 Yi)

2, are those two the same?

ANSWER:

a)
∑4

2(Xi + Yi)(Xi − Yi) = −151

b)
∑4

i=1Xi
∑4

i=1 Yi = −35,
∑4

i=1XiYi = 26.

c)
∑3

i=2 Y
2
i = 164, (

∑3
i=2 Yi)

2 = 4.

3. (10 marks) A corporation regularly takes deliveries of a particular sensitive part from
three subcontractors. It found that the proportion of parts that are good or defective
from the total received were as shown in the following table:

Subcontractor
Part A B C
Good 0.27 0.30 0.33
Defective 0.02 0.05 0.03

(a) If a part is chosen randomly from all those received, what is the probability that
it is defective?

(b) If a part is chosen randomly from all those received, what is the probability it is
from subcontractor B?

(c) What is the probability that a part from subcontractor B is defective?
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(d) What is the probability that a randomly chosen defective part is from subcon-
tractor B?

(e) Is the quality of a part independent of the source of supply?

(f) In terms of quality, which of the three subtractors is most reliable?

ANSWER:

a) P (D) = 0.02 + 0.05 + 0.03 = 0.10

b) P (B) = 0.3 + 0.05 = 0.35

c) P (D|B) =
P (D

⋂
B)

P (B)
= 0.05

0.35
= 0.1429

d) P (B|D) =
P (D

⋂
B)

P (D)
= 0.05

0.1
= 0.5

e) No. For instance, events defective and subcontractor B are not independent because
P (D|B) 6= P (D) or P (B|D) 6= P (B).

f) Subtractor C because P (C
⋂
Good) = 0.33 > P (B

⋂
Good) > P (A

⋂
Good).

4. (15 marks ) Define the expectation of X, E(X) = µx and the variance of X, V (X) =
σ2

x. We can show relationship between the expectation and variance is

V (X) = E[X2]− µ2
x (1)

Given the probability distribution function

x 0 1 2
Probability 0.2 0.7 0.1

(a) Draw the probability distribution function.

(b) Calculate and draw the cumulative probability function.

(c) Find the mean of the random variable X.

(d) Find the variance of X.

(e) Proof the equation (1).

(f) Evaluate your results of c) and d) by using the equation (1).
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ANSWER:

c) d)

x P (X = x) xP (X = x) (x− µx)2P (X = x) x2P (X = x)
0 0.2 0 0.162 0
1 0.7 0.7 0.007 0.7
2 0.1 0.2 0.121 0.4

E(X) = 0.9 V (X) = 0.29 E(X2) = 1.1

e)

V (X) = E(X − E(X))2 = E(X2 − 2XE(X) + (E(X))2)

= EX2 − 2E(X)E(X) + (E(X))2

= EX2 − (E(X))2

= EX2 − µ2
x

f) By using the data in the previous table, we have

V (X) = EX2 − µ2
x

0.29 = 1.1− 0.9

5. (10 marks ) An urn contains r red and b blue balls. We choose at random n balls
without replacement. What is the probability that there will be exactly k red balls
chosen?

ANSWER: The choice of n objects without replacement is
(

r+b
n

)
. We must have k red

balls, which is choosing by
(

r
k

)
ways. We must also have n− k blue balls, which is in

(
b

n−k

)
ways. So total number of choices is the product

(
r
k

)(
b

n−k

)
. Consequently, the probability in

the question is

P (exactly k red balls) =

(
r
k

)(
b

n−k

)
(

r+b
n

)

6. (15 marks) Suppose we have the set of values

X : 1, 3, 5, 7, 9.

Perform the following:
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(a) Calculate the mean and variance of X.

(b) Make the transformation Y = 7 + 8X.

(c) Calculate the mean and variance of Y.

(d) Note the relations between the respective means and variances.

ANSWER:

a) We have

x =
1

n

n∑
i=1

xi =
1

5
(25) = 5

and

s2
x =

1

n

n∑
i=1

(xi − x)2 =
1

5
[(1− 5)2 + (3− 5)2 + . . .+ (9− 5)2]

=
40

5
= 8.

b) Under the transformation, we have

y1 = 7 + 8x1 = 15,

y2 = 7 + 8x2 = 31,

y3 = 7 + 8x3 = 47,

y4 = 7 + 8x4 = 63,

y5 = 7 + 8x5 = 79.

Thus, the values of Y become

Y : 15, 31, 47, 63, 79.

c) We have

y =
1

n

n∑
i=1

yi =
1

5
(15 + 31 + . . .+ 79) =

235

5
= 47

and

s2
y =

1

n

n∑
i=1

(yi − x)2 =
1

5
[(15− 47)2 + (31− 47)2 + . . .+ (79− 47)2]

=
1

5
(1024 + 256 + . . .+ 1024) =

2560

5
= 512.
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d) The linear transformation involves an additive constant of 7 and a multiplicative
constant of 8. Very careful comparison reveals that the mean of Y can be written in terms
of the mean of X as

y = 7 + 8x = 7 + 8(5) = 47.

Also, the variance of Y can be written in terms of the variance of X as

s2
y = (8)2s2

x = 64(8) = 512.

Note that the mean is affected by both the additive and multiplicative constants, while the
variance is affected only by (the square of) the multiplicative constant.

7. (10 marks) A survey of 500 students taking one or more courses in Algebra, Eco-
nomics and Statistics during one semester revealed the following numbers of students
in the indicated subjects.

Algebra 329 Algebra and Economics 83

Economics 186 Algebra and Statistics 217

Statistics 295 Economics and Statistics 63

Using Venn diagram to illustrate the relationship among those three subjects. How
many students were taking

(a) all three subjects. What is the probability of a student taking all 3 subjects.

(b) Algebra but not Statistics.

(c) Economics but not Algebra.

(d) Algebra or Statistics but not Economics.

(e) Algebra but not Economics or Statistics.

ANSWER:

Let A denote the set of all students taking algebra, and denote by (A) the number
of students belonging to this set. Similarly, let (B) denote the number taking Economics
and (C) the number taking Statistics. Then (A+B+C) denotes the number taking either
Algebra, Economics or Statistics or combinations, (AB) the number taking both Algebra
and Economics, etc. a) We have

(A+B + C) = (A) + (B) + (C)− (AB)− (BC)− (AC) + (ABC)

500 = 329 + 186 + 295− 83− 63− 217 + (ABC)

(ABC) = 53
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The probability of a student taking all 3 subjects is 53/500.

b) 329− 217 = 112 or 82 + 30 = 112.

c) 83 + 10 = 103.

d) 82 + 164 + 68 = 314.

e) 82.

8. (10 marks) Suppose that in a particular statistics course given by a large University,
60% of the students have good grades and 40% have poor grades. It is known that , on
the average, the good students are late to class only 5% of the time while poor students
are late about 15% of the time. If a student selected at random from the course comes
in late on a particular day, what is the probability that he is a good student?

ANSWER:

We know P (G) = 0.6, P (poor) = 0.4, P (L|G) = 0.05, and P (L|poor) = 0.15, then

P (G|L) =
P (L|G)P (L)

P (L)

=
P (L|G)P (G)

P (L|G)P (G) + P (L|poor)P (poor)

=
0.05 ∗ 0.6

0.05 ∗ 0.6 + 0.15 ∗ 0.4
= 0.33

9. (10 marks) The following table illustrates federal personal income tax rates for
different years. Read the table carefully

(a) Compare the tax rate in 1974 and 1978. What conclusions you can draw from
this observation.

(b) Using weighted sample methods to confirm your conclusions.

7



T
ab

le
1:

T
ot

al
In

co
m

e
an

d
T

ot
al

T
ax

(i
n

$)
,

an
d

T
ax

R
at

e
fo

r
T

ax
ab

le
In

co
m

e
T

ax
R

et
u
rn

,
b
y

In
co

m
e

C
at

eg
or

y
an

d
Y

ea
r

19
74

A
d
ju

st
ed

G
ro

ss
In

co
m

e
In

co
m

e
T

ax
T

ax
R

at
e

In
co

m
e

T
ax

T
ax

R
at

e
u
n
d
er

$5
,0

00
41

,6
51

,6
43

2,
24

4,
46

7
.0

54
19

,8
79

,6
22

68
9,

31
8

.0
35

5,
00

0
to

$9
,9

99
14

6,
40

0,
74

0
13

,6
46

,3
48

.0
93

12
2,

85
3,

31
5

8,
81

9,
46

1
.0

72
10

,0
00

to
$1

4,
99

9
19

2,
68

8,
92

2
21

,4
49

,5
97

.1
11

17
1,

85
8,

02
4

17
,1

55
,7

58
.1

00
15

,0
00

to
$9

9,
99

9
47

0,
01

0,
79

0
75

,0
38

,2
30

.1
60

86
5,

03
7,

81
4

13
7,

86
0,

95
1

.1
59

10
0,

00
0

or
m

or
e

29
,4

27
,1

52
11

,3
11

,6
72

.3
84

62
,8

06
,1

59
24

,0
51

,6
98

.3
83

T
ot

al
88

0,
17

9,
24

7
12

3,
69

0,
31

4
1,

24
2,

43
3,

93
4

18
8,

57
7,

18
6

O
ve

ra
ll

T
ax

R
at

e
.1

41
.1

52

8



ANSWER: Between1974 and 1978, the tax rate decreased in each income category, yet
the overall tax rate increased from 14.1 percent to 15.2 percent. Again, the overall rates
are weighted averages, with the tax rate for each category weighted by that category’s
proportion of total income. Because of inflation, in 1978 there were relatively more persons
and consequently relatively more taxable dollars assigned to the higher income (i.e., higher
tax rate) brackets.
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Formula Sheet

Statistics Formulas

Notation

• All summations are for i = 1, . . . n unless otherwise stated

• ∼ means ‘distributed as’

Population Mean

µ =
1

N

N∑
i=1

xi

Sample Mean

X̄ =
1

n

n∑
i=1

Xi.

Mean Absolute Deviations (MAD)

MAD =
1

n

n∑
i=1

| Xi −X |

Population Variance

σ2 =
1

N

N∑
i=1

[xi − µ]2

=
1

N

N∑
i=1

xi
2 − µ2
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Sample Variance
s2 = 1

n−1

∑n
i=1[xi − X̄]2

Alternatively
s2 = 1

n−1
[
∑n

i=1 x
2
i − nX̄2]

s2 =
∑n

i=1
x2

i −
(
∑

Xi)
2

n

n−1

Grouped Data (with k classes)

X̄ =
1

n

k∑
j=1

νjfj where νj is the class mark for class j

s2 =
1

n− 1

k∑
j=1

fj(νj − X̄)2

Probability Theory

P (A ∪B) = P (A) + P (B)− P (A ∩B) (additive law)

P (A ∩B) = P (B)P (A | B) (multiplicative law)

If Ei is mutually exclusive and exhaustive events for i = 1, . . . n, then

P (A) =
n∑
i

P (A ∩ Ei) =
n∑
i

P (Ei)P (A | Ei)

P (Ei | A) =
P (Ei)P (A | Ei)

P (A)
(Bayes′s Theorem)
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Counting Formulae

NPR =
N !

(N −R)!

NCR =

(
N

R

)
=

N !

(N −R)!R!

Random Variables

Let X be a discrete random variable, then:

µx = E[X] =
∑
x

xP (X = x)

σ2
x = V [X] = E[(x− µx)2] =

∑
x

(x− µx)2P (X = x)

σ2
x = E[X2]− (E[X])2

If X and Y are independent random variables and a, b, and c are constants, then:

E[a+ bX + cY ] = a+ bµx + cµy

V [a+ bX + cY ] = b2σ2
x + c2σ2

y

Coefficient of Variation (CV )

CV =
σ

µ
× 100% for population

CV =
s

X̄
× 100% for sample
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