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� Record your answer to each question in the table below.

� Shade ONE letter for each question. A question with more than one shading answers will not be
marked.

Question a b c d e

1
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7
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13
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16
17
18
19
20
21
22

GOOD LUCK !!!
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Q1. Suppose that for a very large shipment of integrated-circuit chips, the probability of failure for any one chip is
0.09. Find the probability that at most 2 chips fail in a random sample of size 20. (The numbers are rounded
down to the second decimal place).

(a) 0.13 (b) 0.90 (c) 0.73 (d) 0.20 (e) none of the preceding

Solution to Q1:

X has binomial distribution with parameters n = 20 and p = 0:09 : So

P (X � 2) =

�
20
0

�
(:09)0(:91)20 +

�
20
1

�
(:09)1(:91)19 +

�
20
2

�
(:09)2(:91)18 = 0:73

Q2. Assume that in a box containing 100 items, �ve of them are defective. We select 20 items without replacement.
What is the probability that at most one of them will be defective?

(a) 0.319 (b) 0.420 (c) 0.453

(d) 0.739 (e) none of the preceding

Solution to Q2:

Let X be the number of defective items. We have

P (X = 0) + P (X = 1) =

�
5
0

��
95
20

�
�

100
20

� +

�
5
1

��
95
19

�
�

100
20

� = 0:739:

Q3. A company which produces a particular drug has three factories, A, B and C. 30% of the drug are made in
factory A, 50% in factory B, and 20% in factory C. Suppose that 95% and 97% of the drugs produced by the
factory A and B, respectively, meet speci�cations while only 75% of the drugs produced by the factory C meet
speci�cations. If I buy the drug and it meet speci�cations, what is the probability that it produced by factory
B?

(a) 0.52 (b) 0.95 (c) 0.75

(d) 0.7 (e) none of the preceding

Solution to Q3:

M - meets speci�cations, A - produced by A, B - produced by B, and C - produced by C. Given: P (A) = 0:3,
P (B) = 0:5 P (C) = 0:2, P (M jA) = 0:95, P (M jB) = 0:97, and P (M jC) = 0:75. To �nd: P (M). Use the total
probability rule:

P (M) = P (M jA)P (A) + P (M jB)P (B) + P (M jC)P (C) = 0:3 � 0:95 + 0:5 � 0:97 + 0:2 � 0:75 = 0:92

P (BjM) =
P (M jB)P (B)

P (M)
=

0:5 � 0:97
0:92

= 0:5271739 The answer a) was corrected
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Q4. Assume that X is a discrete random variable with the following probability function:

fX(x) =

8><
>:

k if x = 0 or 1
14

25
if x = 3

0 otherwise:

What is F (2:7), where F is cumulative distribution function.

(a) 11/25 (b) 11/50 (c) 22/25

(d) 22/50 (e) None of the preceding.

Solution to Q4:

First we need to obtain k : P (X = 0) + P (X = 1) + P (X = 3) = 1, so that k + k + 14=25 = 1. Therefore,
k = 11=50 : Since F (2:7) = P (X � 2:7) = P (X = 0) + P (X = 1) = 11=50 + 11=50 = 22=50 ; the answer is a)
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Q5. It is known that a particular company produces 30% defective items. 10 items are selected randomly. Calculate
probability that at most two of them are defective.

(a) 0.3828 (b) 0.0014 (c) 0.2451

(d) 0.7549 (e) None of the preceding.

Solution to Q5:

Let X has binomial distribution with n = 10 and p = :3. Compute P (X � 2).

P (X = 0) + P (X = 1) + P (X = 2)

Use the binomial formula.

Q6. Assume that times of failures of a computer network can be modeled using a Poisson process with mean 10
failures per year. What is the standard deviation of the waiting time to the �rst failure? (Time is measured as
the part of a year, for example 0.5 means half a year).

(a) 0.222 (b) 0.1 (c) 0.333

(d) 0.471 (e) none of the preceding

Solution to Q6:

Waiting time to the �rst failure, X, is exponential � = 10. Standard deviation is
p
Var(X) =

p
1=�2 =p

1=10 = 0:1.

Q7. Assume that X is a continuous random variable with the density fX :

fX(x) =

�
Ke�3x if x � � ln(3)=3;

0 otherwise:

The probability P (0 < X < 1) is

(a)
ln 3

3
(b) � ln 3

3
(c)

1

3
(1� e�3)

(d) 1� e�3 (e) None of the preceding.

Solution to Q7:

First we should obtain K : 1 =

Z 1

a

fX(x) dx =

Z 1

� ln(3)=3

K exp(�3x) dx = �1

3
exp(�3x)j1x=� ln(3)=3 �K = K

so that K = 1. Therefore, P (0 < X < 1) =

Z 1

0

f(t)dt =

Z 1

0

e�3xdx =
�1
3
(e�3 � 1)

Q8. To estimate the mean of a population, the random sampleX1; X2; X3; X4; X5 are taken from the population with

mean � and variance �2 and the following estimators for mean are proposed: �̂1 =
X1 +X2 +X3 +X4 +X5

5
;

�̂2 =
X1 +X2 +X3

3
; �̂3 =

X1 +X2 + 3X5

5
; �̂4 =

X1 +X2 + 2X3

5
: Which statement is true?

(a) �̂1 is not an unbiased estimator.
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(b) �̂2 is the most e�cient estimator.

(c) �̂3 is more e�cient that �̂2 :

(d) �̂4 is an unbiased estimator.

(e) None of the preceding.

Solution to Q8:

We have

(a) Since E(�̂1) =
1

5
(E(X1)+ : : :+E(X5)) = � ; E(�̂2) =

1

3
(E(X1)+ : : :+E(X3)) = � ; E(�̂3) =

1

5
(E(X1)+

E(X2) + 3E(X5)) = � ; E(�̂4) =
1

5
(E(X1) + E(X2) + 2E(X3)) =

4

4
� ; �̂1 ; �̂2 ; and �̂3 are unbiased

estimator and �̂4 is biased estimator.

(b) �2�̂1 =
1

52
(�2X1

+ : : :+�2X5
) = �2=5 ; �2�̂2 =

1

52
(�2X1

+�2X1
+�2X3

) = �2=3 ; �2�̂3 =
1

52
(�2X1

+�2X1
+32�2X5

) =

11

3
�2 ; �2�̂4 =

1

52
(�2X1

+ �2X1
+ 22�2X3

) =
6

3
�2 ;

Since �̂1 has the smallest variance it is the most e�cient estimator. Therefore, e is correct answer.

Marking scheme for Q8:

1 point for each correct answer of the �rst part, 1 point for each correct answer of the second part, 1 point
for the correct answer to the third part. Total - 9 points.

Q9. The air pressure in a randomly selected tire put on a certain model new car is normally distributed with mean
value 31 lb=in2 and standard deviation 0:5 lb=in2. What is the probability that the pressure for a randomly
selected tire is between 30.5 and 31:5 lb=in2.

(a) 0.6827 (b) 0.3173 (c) 0.5000

(d) 0.4245 (e) none of the preceding

Solution to Q9:

Let X be air pressure of a randomly selected tire. Then X has normal distribution with� = 31 and � = 0:5.
Therefore,

P (30:5 < X < 31:5) = P

�
30:5� 31

0:5
< Z <

31:5� 31

0:5

�
= P (�1 < Z < 1) = 0:6827

Q10. Assume that we have a sample X1; : : : ; X100 from an arbitrary distribution with mean � = 1 and variance
�2 = 4. The approximate probability that the sample mean exceeds 1.5, is:

(a) 0.99379 (b) 0.00621 (c) 0.5000 (d) 0.7742 (e) none of the preceding

Solution to Q10:

P ( �X > 1:5) = P

� �X � �

�=
p
n
>

1:5� 1

2=10

�
= P (Z > 2:5) = 1� 0:993790 = 0:00621
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Q11. Assume that we have a sample of size 10 from a population N(4; 9). Denote by X and S2, the sample mean
and sample variance, respectively. Find c such that

P

�
X � 4

S=
p
10

� c

�
= 0:01:

(a) 1.833 (b) 2.821 (c) 1.645

(d) 2.424 (e) none of the preceding

Solution to Q11:

Equivalent statement: �nd c such that

P

�
X � 4

S=
p
10

� c

�
= 0:01:

We have that
X � 4

S=
p
10

has Student distribution with n � 1 = 9 degrees of freedom. From the table we read

that P (T > 2:821) = 0:01, thus c = 2:821.

Q12. Assume we have a sample of size n = 5: 5; 34; 12; 10; 4. The sample mean, the sample variance and the sample
median are, respectively:

(a) 13, 149 and 10 (b) 13, 119.2 and 12 (c) 12, 119.2 and 5

(d) 13, 12.2 and 4.5 (e) none of the preceding

Solution to Q12:

x =
X

xi=n = 65=5 = 13 and

s2 =
(
P

x2i )� (
P

xi)
2=n

n� 1
=

1141� (65)2=5

4
= 149

Q13. The engineer measures n = 25 pieces of steel and obtains �x = 6. The weight follows normal distribution with
known variance �2 = 16. The two-sided 99% con�dence interval for the mean is:

(a) (-0.272,12.272) (b) (3.250,8.750)

(c) (4.432,7.568) (d) (3.940,8.060)

(e) None of the preceding.

Solution to Q13:

(�x� z�=2�=
p
n; �x+ z�=2�=

p
n) = (6� 2:575 � 4=5; 6 + 2:575 � 4=5) = (3:94; 8:06)

Q14. A machine is producing metal pieces that are cylindrical in shape. A sample of pieces is taken and the diameters
are
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1.01 0.97 1.03 1.04 0.99 0.98 0.99 1.04 1.03 1.01

Find the two-sided 99% con�dence interval for the true mean diameter. Assume that the population is normally
distributed.

(a) [0.989,1.022] (b) [0.983,1.035] (c) [0.991,1.034]

(d) [.987,1.024] (e) none of the preceding.

Solution to Q14:

The sample mean and standard deviation are x = 1:009 and s = 0:0256, respectively.
We have t:005 = 3:250 with 10� 1 degrees of freedom. So

x� 3:250
sp
n
= [0:983; 1:035]:

Q15. The engineer measures n = 25 pieces of steel and obtains �x = 6. The weight follows normal distribution with
known variance �2 = 16. He wants to test H0 : � = 5 against H1 : � > 5. The p-value for the test is:

(a) 0.0500 (b) 0.1057 (c) 0.8943

(d) 1.000 (e) None of the preceding.

Solution to Q15:

P ( �X > 6) = P

�
Z >

6� 5

4=5

�
= P (Z > 1:25) = 1� 0:8943 = 0:1057:

Q16. A company claims that the mean de
ection of a piece of steel which is 10 feet long, is equal to 0.012. A buyer
suspects that it is bigger than 0.012. The following data has been collected:

0.0132 0.0138 0.0108 0.0126 0.0136 0.0112 0.0124 0.0116 0.0127 0.0131

Assume normality. Hint:

nX
i=1

x2i = 0:0016. The p-value for the appropriate one-sided test and the decision are:

(a) p 2 (0:05; 0:1). Reject H0 for � = 0:05. (b) p 2 (0:05; 0:1). Do not reject H0 for � = 0:05.

(c) p 2 (0:1; 0:25). Reject H0 for � = 0:05. (d) p 2 (0:1; 0:25). Do not reject H0 for � = 0:05.

(e) None of the preceding.

Solution to Q16:

The estimated variance is

S2 =
1

n� 1

 
nX
i=1

x2i �
1

n
(

nX
i=1

xi)
2

!
= 1:02 � 10�6:

The observed mean is �x = 0:0125. We calculate the p-value:

P
�
�X > 0:0125

�
= P

 
�X � �

S=
p
n
>

0:0125� 0:012p
1:02 � 10�6=10

!

= P (t9 > 1:5638) 2 (0:05; 0:1):

Do not reject H0 for � = 0:05.
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Q17. A company is currently using titanium alloy rods it purchases from supplier A. A new supplier (supplier B)
approaches the company and o�ers the same quality (at least according to supplier Bs claim) rods at a lower
price. The company is certainly interested in the o�er. At the same time, the company wants to make sure
that the safety of their product is not compromised. The company randomly selects ten rods from each of the
lots shipped by suppliers A and B and measures the yield strengths of the selected rods. The observed sample
mean and sample standard deviation are 651 MPa and 2 MPa for suppliers A rods, respectively, and the same
parameters are 657 MPa and 3 MPa for supplier Bs rods. The company tests the hypotheses H0 : �A = �B
against �A 6= �B . For � = 0:05 the decision is:

(a) Reject H0; (b) Do not reject H0;

(c) none of the preceding
Assume equal variances.

Solution to Q17:

I added "assume equal variances" statement so that you can use case 2. I also modi�ed the statement, to be
in line with what I taught.

Q18. In an e�ort to compare the durability of two di�erent types of sandpaper, 10 pieces of type A sandpaper were
subjected to treatment by a machine which measures abrasive wear. Eleven pieces of type B sandpaper were
subjected to the same treatment.

xi 27 26 24 29 30 26 27 23 28 27
yi 24 23 22 27 24 21 24 25 24 23 20

Note:
X
i

xi = 267,
X

yi = 257,
X
i

x2i = 7169,
X
i

y2i = 6041. From this you can easily compute sample

means and sample variances, for example

s21 =
1

n� 1

nX
i=1

(xi � �x) =

Pn
i=1 x

2
i � 1

n (
Pn

i=1 xi)
2

n� 1
:

Assuming normality and equality of variance, we want to test for equality of mean abrasive wear. The appro-
priate p-value is:

(a) p < 0:002 (b) p > 0:2 (c) p 2 (0:05; 0:1)

(d) p 2 (0:1; 0:2) (e) None of the preceding

Solution to Q18:

This is two sample test. H0 : �1 = �2, H1 : �1 6= �2. We compute S2
1 = 4:45, S2

2 = 3:65, S2
p = 4:03, �X = 26:7l

�Y = 23:36. The p-value is

2P
�
�X � �Y > 3:34

�
= 2P

 
�X � �Y

Sp
p
1=n+ 1=m

>
3:34p

4:03
p
1=10 + 1=11

!
= 2P (t19 > 3:8037) < 0:002
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Q19. The following output was produced with t.test command in R

One Sample t-test

data: x

t = 32.9198, df = 999, p-value < 2.2e-16

alternative hypothesis: true mean is not equal to 0

95 percent confidence interval:

0.9644462 1.0867155

sample estimates:

mean of x

1.025581

Based on this output, which statement is correct:
(a) If the signi�cant level of the test is 0.05, then we reject H0 : � = 0 in favour of H1 : � > 0;

(b) If the signi�cant level of the test is 0.05, then we reject H0 : � = 0 in favour of H1 : � 6= 0;

(c) If the signi�cant level of the test is 0.01, then we reject H0 : � = 0 in favour of H1 : � > 0;

(d) If the signi�cant level of the test is 0.01, then we reject H0 : � = 0 in favour of H1 : � < 0;

(e) None of the preceding

Q20. Regression methods were used to analyze the data from a study investigating the relationship between roadway

surface temperature in F (x) and pavement defection (y). Summary quantities were n = 33,
X

yi = 1124,X
y2i = 41998,

X
xi = 1124,

X
x2i = 41086,

X
xiyi = 41355. The slope coe�cient is:

(a) 0.9036 (b) 0.6854 (c) 0.6014 (d) 0.4045 (e) none of the preceding

Solution to Q20:

We have Sxy = 3752:09, Sxx = 4152:018, Syy = 3713:88;

b1 =
Sxy
Sxx

; b0 = �y � b1�x;

where

Sxy =

nX
i=1

xiyi � 1

n
(

nX
i=1

xi)(

nX
i=1

yi)

Sxx =

nX
i=1

x2i �
1

n
(

nX
i=1

xi)
2

Syy =

nX
i=1

y2i �
1

n
(

nX
i=1

yi)
2

So b1 = 0:903643

Q21. Consider the data from Question 20. The 95% prediction interval for the mean response �Y jx0 when x0 = 20 is:
(a) (16.254,25.265)

(b) (17.265,38.245)
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Figure 1. Plot of residuals against �tted value

(c) ( 20.107,23.697)

(d) (19.256,31.325)

(e) None of the preceding

Solution to Q21:

S2 =
SSE

n� 2
=
Syy � b1Sxy

n� 2
= 3:2295 ; t�=2 = 2:045 The prediction interval is ŷ0 � t�=2s

s
1

n
+

(x0 � �x)2

Sxx
Answer c).

Q22. Figure 1 is the plot of the residuals against the �tted values in a regression model. Which one of the following
statements about this �gure is true.
(a) This plot con�rms that the residuals do not have zero mean.

(b) This plot shows that the residuals have constant variance.

(c) This plot con�rms that the residuals have zero mean.

(d) This plot con�rms that the residuals have normal distribution.

(e) None of the preceding

Solution to Q22:

Answer c).

This is the last question
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MAT 2377

Final Exam Formula Sheet

� Addition Rule: P (A [B) = P (A) + P (B)� P (A \B)
� Conditional probability of A given B:

P (AjB) = P (A \B)
P (B)

� Total probability rule:

P (B) = P (B \A1) + P (B \A2) + � � �+ P (B \An)

= P (BjA1)P (A1) + P (BjA2)P (A2) + � � �+ P (BjAn)P (An)

� Bayes' rule

P (ArjB) = P (BjAr)P (Ar)Pn
i=1 P (BjAi)P (Ai)

� Events A and B are independent if P (A \B) = P (A)P (B)
� Expected value of a discrete random variable X:

� = E(X) =
X
x

xf(x); where f(x) = P (X = x)

� Expected value of a function of a continuous random variable X:

E[h(X)] =

Z
h(x)f(x)dx; where f(x) is a density

� If a density f or a distribution F are given, then

P (X � x) = F (x) =

Z x

�1

f(u)du:

� Binomial random variable: X has Binomial distribution with parameters n and p:

P (X = k) =

�
n
k

�
pk(1� p)n�k:

Mean: np; Variance np(1� p).
� Geometric random variable: X has Geometric distribution with parameter p:

P (X = k) = (1� p)k�1p:

Mean: 1=p.
� Poisson random variable: X has Poisson distribution with parameter �t:

P (X = k) = e�(�t)
(�t)k

k!
:

Mean: �; Variance �.

� Exponential random variable: X has exponential distribution with parameter � =
1

�
:

f(x) =
1

�
e�x=� ; x > 0:

Mean: �.

� Gamma random variable: X has gamma distribution with parameters � and � =
1

�
:

f(x) =
1

���(�)
x��1e�x=� ; x > 0:

Mean: ��.

�(�) =

Z 1

0

x��1e�xdx ; for � > 0 : �(1) = 1 ; and �(n) = (n� 1)! for positive integer n :
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� Standardization: If X is a normal random variable with mean � and variance �2, then

Z =
X � �

�
has a standard normal distribution

� Sample mean of the observations x1; : : : ; xn:

�x =
1

n

nX
i=1

xi:

� Sample variance of the observations x1; : : : ; xn:

s2 =
1

n� 1

nX
i=1

(xi � �x)2 =
1

n� 1

 
nX
i=1

x2i � n�x2

!
=

1

n� 1

2
4 nX
i=1

x2i �
1

n

 
nX
i=1

xi

!2
3
5 :

� Statistic used for con�dence intervals and tests for a mean � when � is known:

Z =
�X � �

�=
p
n

has a standard normal distribution

� Statistic used for con�dence intervals and tests for a mean � when � is unknown:

T0 =
�X � �

S=
p
n

has a T distribution with n� 1 d.f.

� Statistic used for con�dence intervals and tests for the means �1 and �2 of two independent populations
with variances are known:

Z =
�X � �Yp

(�21=n+ �22=m)
has a standard normal distribution

� Statistic used for con�dence intervals and tests for the means �1 and �2 of two independent normal
populations with equal variances:

T0 =
�X � �Y � (�1 � �2)

Sp
p
(1=n+ 1=m)

has a T distribution with n+m� 2 d.f.

where

S2
p =

(n� 1)S2
1 + (m� 1)S2

2

n+m� 2

� Statistic used for con�dence intervals for the variance �2 of a normal population:

�2 =
(n� 1)S2

�2
has a Chi-squared distribution with n� 1 d.f.

Formulas for regression analysis:
� Parameter estimation:

b1 =
Sxy
Sxx

; b0 = �y � b1�x;

Sxy =

nX
i=1

xiyi � 1

n
(

nX
i=1

xi)(

nX
i=1

yi)

Sxx =

nX
i=1

x2i �
1

n
(

nX
i=1

xi)
2

Syy =

nX
i=1

y2i �
1

n
(

nX
i=1

yi)
2

� Coe�cient of determination R2 = 1� SSE=SST ; where SST = Syy and SSE = Syy � b1Sxy :
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� Statistic used for con�dence intervals and tests for the parameter �0

T =
b0 � �00

S
pPn

i=1 x
2
i =(nSxx)

has a T distribution with n� 2 d.f.

where

S2 =
SEE

n� 2
=
Syy � b1Sxy

n� 2
� Statistic used for con�dence intervals and tests for the parameter �1

T =
b1 � �10

S
p
1=(Sxx)

has a T distribution with n� 2 d.f.

where

S2 =
SEE

n� 2
=
Syy � b1Sxy

n� 2
� Statistic used for con�dence intervals for the mean response �Y jx0

T =
ŷ0 � �Y jx0

S
q

1
n + (x0��x)2

Sxx

has a T distribution with n� 2 d.f.

� Statistic used for con�dence intervals for the single predicted value y0

T =
ŷ0 � y0

S
q
1 + 1

n + (x0��x)2

Sxx

has a T distribution with n� 2 d.f.

� Statistic used for ANOVA

f = SSR=S2 has a F -distribution with �1 = 1 and �2 = n� 2 d.f.

where
SST = SSR+ SSE; SST = Syy :
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Area under the normal curve (P (Z < z), where Z has standard normal distribution).
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

-3.4 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
-3.3 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
-3.2 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
-3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
-3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
-2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
-2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
-2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
-2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
-2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
-2.4 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
-2.3 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
-2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
-2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
-2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
-1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
-1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
-1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
-1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
-1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
-1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
-1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
-1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
-1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
-1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
-0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
-0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
-0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
-0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
-0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
-0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
-0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
-0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
-0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
-0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
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Area under the normal curve (P (Z < z), where Z has standard normal distribution).
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
2.0 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
2.4 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
2.5 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
2.7 0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
2.8 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
2.9 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3.0 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993
3.2 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
3.3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998
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Critical value of t-distribution P (t > t�) = � :
v 0.40 0.30 0.20 0.15 0.10 0.05 0.025
1 0.325 0.727 1.376 1.963 3.078 6.314 12.706
2 0.289 0.617 1.061 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.250 1.638 2.353 3.182
4 0.271 0.569 0.941 1.190 1.533 2.132 2.776
5 0.267 0.559 0.920 1.156 1.476 2.015 2.571
6 0.265 0.553 0.906 1.134 1.440 1.943 2.447
7 0.263 0.549 0.896 1.119 1.415 1.895 2.365
8 0.262 0.546 0.889 1.108 1.397 1.860 2.306
9 0.261 0.543 0.883 1.100 1.383 1.833 2.262
10 0.260 0.542 0.879 1.093 1.372 1.812 2.228
11 0.260 0.540 0.876 1.088 1.363 1.796 2.201
12 0.259 0.539 0.873 1.083 1.356 1.782 2.179
13 0.259 0.538 0.870 1.079 1.350 1.771 2.160
14 0.258 0.537 0.868 1.076 1.345 1.761 2.145
15 0.258 0.536 0.866 1.074 1.341 1.753 2.131
16 0.258 0.535 0.865 1.071 1.337 1.746 2.120
17 0.257 0.534 0.863 1.069 1.333 1.740 2.110
18 0.257 0.534 0.862 1.067 1.330 1.734 2.101
19 0.257 0.533 0.861 1.066 1.328 1.729 2.093
20 0.257 0.533 0.860 1.064 1.325 1.725 2.086
21 0.257 0.532 0.859 1.063 1.323 1.721 2.080
22 0.256 0.532 0.858 1.061 1.321 1.717 2.074
23 0.256 0.532 0.858 1.060 1.319 1.714 2.069
24 0.256 0.531 0.857 1.059 1.318 1.711 2.064
25 0.256 0.531 0.856 1.058 1.316 1.708 2.060
26 0.256 0.531 0.856 1.058 1.315 1.706 2.056
27 0.256 0.531 0.855 1.057 1.314 1.703 2.052
28 0.256 0.530 0.855 1.056 1.313 1.701 2.048
29 0.256 0.530 0.854 1.055 1.311 1.699 2.045
30 0.256 0.530 0.854 1.055 1.310 1.697 2.042
40 0.255 0.529 0.851 1.050 1.303 1.684 2.021
60 0.254 0.527 0.848 1.045 1.296 1.671 2.000
120 0.254 0.526 0.845 1.041 1.289 1.658 1.980
1 0.253 0.524 0.842 1.036 1.282 1.645 1.960
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Critical value of Chi-squared distribution P (X2 > �2�) = � :
� 0.30 0.25 0.20 0.10 0.05 0.025 0.02 0.01 0.005 0.001
1 1.074 1.323 1.642 2.706 3.841 5.024 5.412 6.635 7.879 10.827
2 2.408 2.773 3.219 4.605 5.991 7.378 7.824 9.210 10.597 13.815
3 3.665 4.108 4.642 6.251 7.815 9.348 9.837 11.345 12.838 16.266
4 4.878 5.385 5.989 7.779 9.488 11.143 11.668 13.277 14.860 18.466
5 6.064 6.626 7.289 9.236 11.070 12.832 13.388 15.086 16.750 20.515
6 7.231 7.841 8.558 10.645 12.592 14.449 15.033 16.812 18.548 22.457
7 8.383 9.037 9.803 12.017 14.067 16.013 16.622 18.475 20.278 24.321
8 9.524 10.219 11.030 13.362 15.507 17.535 18.168 20.090 21.955 26.124
9 10.656 11.389 12.242 14.684 16.919 19.023 19.679 21.666 23.589 27.877
10 11.781 12.549 13.442 15.987 18.307 20.483 21.161 23.209 25.188 29.588
11 12.899 13.701 14.631 17.275 19.675 21.920 22.618 24.725 26.757 31.264
12 14.011 14.845 15.812 18.549 21.026 23.337 24.054 26.217 28.300 32.909
13 15.119 15.984 16.985 19.812 22.362 24.736 25.471 27.688 29.819 34.527
14 16.222 17.117 18.151 21.064 23.685 26.119 26.873 29.141 31.319 36.124
15 17.322 18.245 19.311 22.307 24.996 27.488 28.259 30.578 32.801 37.698
16 18.418 19.369 20.465 23.542 26.296 28.845 29.633 32.000 34.267 39.252
17 19.511 20.489 21.615 24.769 27.587 30.191 30.995 33.409 35.718 40.791
18 20.601 21.605 22.760 25.989 28.869 31.526 32.346 34.805 37.156 42.312
19 21.689 22.718 23.900 27.204 30.144 32.852 33.687 36.191 38.582 43.819
20 22.775 23.828 25.038 28.412 31.410 34.170 35.020 37.566 39.997 45.314
21 23.858 24.935 26.171 29.615 32.671 35.479 36.343 38.932 41.401 46.796
22 24.939 26.039 27.301 30.813 33.924 36.781 37.659 40.289 42.796 48.268
23 26.018 27.141 28.429 32.007 35.172 38.076 38.968 41.638 44.181 49.728
24 27.096 28.241 29.553 33.196 36.415 39.364 40.270 42.980 45.558 51.179
25 28.172 29.339 30.675 34.382 37.652 40.646 41.566 44.314 46.928 52.619
26 29.246 30.435 31.795 35.563 38.885 41.923 42.856 45.642 48.290 54.051
27 30.319 31.528 32.912 36.741 40.113 43.195 44.140 46.963 49.645 55.475
28 31.391 32.620 34.027 37.916 41.337 44.461 45.419 48.278 50.994 56.892
29 32.461 33.711 35.139 39.087 42.557 45.722 46.693 49.588 52.335 58.301
30 33.530 34.800 36.250 40.256 43.773 46.979 47.962 50.892 53.672 59.702
40 44.165 45.616 47.269 51.805 55.758 59.342 60.436 63.691 66.766 73.403
50 54.723 56.334 58.164 63.167 67.505 71.420 72.613 76.154 79.490 86.660
60 65.226 66.981 68.972 74.397 79.082 83.298 84.58 88.379 91.952 99.608
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Solutions to multiple choice questions:

Q1 �! c

Q2 �! d

Q3 �! a

Q4 �! a

Q5 �! a

Q6 �! b

Q7 �! c

Q9 �! a

Q10 �! b

Q11 �! b

Q12 �! a

Q13 �! d

Q14 �! b

Q15 �! b

Q16 �! b

Q17 �! a

Q18 �! a

Q19 �! b

Q20 �! a

Q21 �! c

Q22 �! c


