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Chapter 1

Introduction to Statistics 

and Data Analysis
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1.1 Overview: Statistical Inference, Samples,

Populations, and Experimental Design

-Use of Scientific Data

-Variability in Scientific Data

-The Role of Probability
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Example 1.2
Often the nature of the scientific study will dictate the role that probability and

deductive reasoning play in statistical inference. Exercise 9.40 on page 297

provides data associated with a study conducted at the Virginia Polytechnic

Institute and State University on the development, of a relationship between the

roots of trees and the action of a fungus. Minerals are transferred from the fungus

to the trees and sugars from the trees to the fungus. Two samples of 10 northern

red oak seedlings are planted in a greenhouse, one containing seedlings treated
with nitrogen and one containing no nitrogen. All other environmental conditions
are held constant. All seedlings contain the fungus Pisolithus tinctorus. More
details are supplied in Chapter 9. The stem weights in grams were recorded after
the end of 140 days. The data are given in Table 1.1.
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Purpose of this experiment :
if the use of nitrogen has an influence on the growth of the roots.



• On average, the use of nitrogen increases the
stem weight.

• Nitrogen is effective but ,how can this be
quantified.
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1.3 Sampling Procedures; Collection of Data

Simple Random Sampling

Experimental Design

Example 1.3:1 A corrosion study was made in order to determine whether
corrosion of an aluminum metal coated with a corrosion retardation substance
reduced the amount of corrosion. The coating is a protectant that is advertised to
minimize fatigue damage in this type of material. Also of interest is the influence of
humidity on the amount of corrosion. A corrosion measurement can be expressed
in thousands of cycles to failure. Two levels of coating, no coating and chemical
corrosion coating, were used. In addition, the two relative humidity levels are 20%
relative humidity and 80% relative humidity.
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Measures

Measures of variability (Dispersion)
measures of spread

Variance 
Standard Deviation 

Range

Measures of center of Location (Central Tendency)
(where the data center is in a sample)

Mean 
Median 

Mode
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Other methods of quantifying the center of 

location:

Trimmed mean
“trimming away” a certain percent of both the 
largest and smallest set of values)

Data Analysis



1.4 Measures of Location: The Sample Mean and 

Median
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Mean and Median 
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Other Measures of Locations 

-Trimmed Mean

e.g., in computing 10% trimmed mean, we cancel 

the highest 10% and the lowers 10% of our data

-Benefit: 

1)Having a mean close to median 

2) Reduce the effect of very high and very low 

value  
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No-Nitrogen Nitrogen 

0.28 0.26

0.32 0.43

0.36 0.46

0.37 0.47

0.38 0.49

0.42 0.52

0.43 0.62

0.43 0.75

0.47 0.79

0.53 0.86

= 0.32+0.36+0.37+0.38+0.42+0.43+0.43+0.47
8

= 0.3975 

** Trimmed Mean for No-Nitrogen 

** Trimmed Mean for Nitrogen 

= 0.32+0.36+0.37+0.38+0.42+0.43+0.43+0.47
8

= 0.56625 

• The trimmed means are close to both the mean and median for the individual samples

• Trimmed mean is more insensitive to outliers than the sample mean but not as insensitive
as the median.

• The sample median is a special case of the trimmed mean in which all of the sample data
are eliminated apart from the middle one or two observations.



Measures of Variability

-Range  

- Variance and Standard deviation 
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Range =  
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Statistical Modeling, Scientific Inspection, and 

Graphical Diagnostics

1) Scatter Plot

At times the model postulated may take on a somewhat complicated form. Consider,
for example, a textile manufacturer who designs an experiment where cloth specimen
that contain various percentages of cotton are produced. Consider the data in Table

1.3.
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2) Stem-and-Leaf Plot

e.g., To illustrate the construction of a stem-and-leaf plot, consider the data of Table 
1.4, which specifies the “life” of 40 similar car batteries recorded to the nearest tenth 
of a year.
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3) Histogram

Mean=
σ 𝐶𝑙𝑎𝑠𝑠 𝑀𝑖𝑑𝑝𝑜𝑖𝑛𝑡×𝑓

σ 𝑓

=
1.7 × 2 + 2.2 × 1 +⋯+ 4.7 × 3

2 + 1 +⋯+ 3
=3.4125

Mean of Histogram
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First, we write data in Example 1: Find the first and third quartiles of the data set {3, 
7, 8, 5, 12, 14, 21, 13, 16, 18}.

in increasing order: 3, 5, 7, 8, 12, 13, 14, 16, 18, 21.

Location of Q1: (10+1)*0.25=2.75
Interpolation
Q1=value of location 2+0.75*( value of location 3- value of location 2)
Q1=5+0.75*(7-5)=6.5

Location of Q2: (10+1)*0.5=5.5
Q2= (12+13)/2=12.5
Location of Q3: (10+1)*0.75=8.25
Q3=value of location 8+0.25*(value of location 9- value of location 8)
Q3=16+0.25*(18-16)=16.5

Inter quartile range (IQR)=
Q3-Q1

IQR =16.5-6.5=10
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4) Box-and-Whisker Plot or Box Plot
-You have to know to estimate the percentile and quartile

e.g., Nicotine content was measured in a random sample of 40 cigarettes. The data 
are displayed in Table 1.8.

In order 

0.72 0.85 1.09 1.24 1.37 1.4 1.47 1.51 1.58 1.63

1.64 1.64 1.67 1.68 1.69 1.69 1.7 1.74 1.75 1.75

1.79 1.79 1.82 1.85 1.86 1.88 1.9 1.92 1.93 1.97

2.03 2.08 2.09 2.11 2.17 2.28 2.31 2.37 2.46 2.55
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Location of Q1: (40+1)*0.25=10.25
Q1: 1.63+0.25*(1.64-1.63)=1.6325

Q2=(1.75+1.79)/2=1.77

Location of Q3: (40+1)*0.75=30.75
Q3: 1.97+0.75*(2.03-1.97)=2.015

IQR=2.015-1.6325=0.3825

1.5IQR=0.57375

Q3

Q2

Q1

1.5 IQR

IQR

Outlier
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Outlier



• Find 62% percentile of {3, 7, 8, 5, 12, 14, 21, 
13, 16, 18}.

Location of 62% percentile is (n+1)*0.62=6.82

62% percentile=Value of location 6+0.82*(Value of location 7-Value of 
location 6)=13+0.82*(14-13)=13.82

• Find 29% percentile of Table 1.8
Location of 29% percentile is (40+1)*0.29=11.89

29% percentile=Value of location 11+0.89*(Value of location 12-Value of 
location 11)=1.64+0.29*(1.64-1.64)=1.64

28
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• Statisticians use the word experiment to
describe any process that generate a set of
data.

• Example of a statistical experiment is the
tossing of a coin.
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Sample Space
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** More than one sample space can be used to describe the outcomes of an
experiment.
In some experiment it is helpful to list the elements of the sample space by means of
a tree diagram.
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• Sample spaces with a large or infinite number of
sample points are best described by a statement
or rule.

• For example, if the possible outcomes of an
experiment are the set of cities in the world with
a. population over 1 million:

S= {x | x is a city with a. population over 1 million},

which reads "S is the set of all x such that x is a city
with a population over 1 million.
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Events
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• Definition 2.2: An event is a subset of a
sample space.

• Event B represents the number of
defectives is greater than 1
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S={ 1,2,3,4,5,6}
If event A is the even number in a tossing of a die

A={ 2,4,6},  A’={1,3,5}
If event  B is a number greater than 3 in a tossing of a die
B={ 4,5,6), B’={1,2,3}
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• The relationship between events and the
corresponding sample space can be illustrated
graphically by means of Venn diagrams.
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• Exercise 2.7:

Four students are selected at random from a
chemistry class and classified as male or
female. List the elements of the sample space
S1 using the letter M for "male" and F for
"female." Define a second sample space S2

where the elements represent the number of
females selected.
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S1={MMMM,MMMF,MMFM,MFMM,
FMMM,MMFF,MFMF,MFFM, FMFM, FFMM,
FMMF,MFFF, FMFF, FFMF, FFFM, FFFF}

S2 = {0, 1, 2, 3, 4}
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• Exercise 2.14:

If S = {0,1,2,3,4,5,6,7,8,9} and

A ={0,2,4,6,8}, B = {1,3,5,7,9}, C = {2,3,4,5}, and

D = {1,6, 7}
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={0,2,3,4,5,6,8}. 

= φ. 

= {0,1,6,7,8,9}. 

C′∩D = {1,6,7} ,  (C′∩D)∪B = {1,3,5,6,7,9} 

C′ = {0,1,6,7,8,9}. 

{2,4}, so A∩C ∩D′ = {2,4}. 
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• Answer ( Ex. 22)

22

n1n2= 8*3=24 classification
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• Answer ( Ex. 27)

n1n2 n3n4 = 4*3*2*2=48 different house plans
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Answer ( Ex. 33)

26

n1n2 = 9*8=72 registrations to be checked.
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(5)(4)(4)(3)(3)(2)(2)(1)(1) = 2880



Example:

How many even three digit numbers can be
performed from the digits 1,2,5,6 and 9 if each
digit can be used only once?

n1n2n3 = (4)(3)(2)= 24
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Since the above two cases are mutually exclusive of each other, the total number

of even four-digit numbers can be calculated by 60 + 96 = 156
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Ex 2.32:
a)How many distinct permutations can be made from the 

letters of the word columns? , 

5040 
b)

41

720



EX. 2.31

If a multiple-choice test consists of 5 questions each with
4 possible answers of which only 1 is correct,

(a) In how many different ways can a student check off
one answer to each question?

1024

(b) In how many ways can a student, check off one

answer to each question and get all the answers wrong ?

243
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Ex. 2.40

In how many ways can 5 starting positions on a

basketball team be filled with 8 men who can
play any of the positions?

6720
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Ex.2.44 

In how many ways can a caravan of 8 covered 
wagons from Arizona be arranged in a circle?

5040
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Ex 2.46 

In how many ways can 3 oaks, 4 pines, and 2
maples be arranged along a property line if
one does not distinguish among trees of the
same kind?

1260
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Ex. 2.47

A college plays 12 football games during a
season. In how many ways can the team end
the season with 7 wins, 3 losses, and 2 ties?

7920
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Ex 2.49

How many ways are there to select 3 candidates
from 8 equally qualified recent graduates for
openings in an accounting firm

56 ways 
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Example:

John is going to graduate from an industrial engineering
department in a university by the end of the semester.
Alter being interviewed at two companies he likes, he
assesses that his probability of getting an offer from
company A is 0.8, and the probability that he gets an
offer from company B is 0.6. If on the other hand, he
believes that the probability that he will get offers from
both companies is 0.5, what is the probability that he
will get at least one offer from these two companies?

P(A U B) = P(A) + P(B) - P(A fl B) = 0.8 + 0.6 - 0.5 = 0.9.
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P(E)= P(5)+P(6)+P(7)+P(8)
P(E)= 0.28+0.24+0.1+0.07

P(E) = 0.69
OR
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(a)= 0.27
(b)= 0.73
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P(M/E)=P (E    M)
P (E)



Conditional Probability

Question:

In a group of 100 sports car buyers, 40 bought
alarm systems, 30 purchased bucket seats, and 20
purchased an alarm system and bucket seats. If a
car buyer chosen at random bought an alarm
system, what is the probability they also bought
bucket seats?
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Answer:

P(B|A) = P(A∩B) / P(A) = 0.2 / 0.4 = 0.5

The probability that a buyer bought bucket
seats, given that they purchased an alarm
system, is 50%
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Ex. 2.95

One overnight case contains 2 bottles of aspirin and 3
bottles of thyroid tablets. A second tote bag contains
3 bottles of aspirin, 2 bottles of thyroid tablets and I
bottle of laxative tablets. If 1 bottle of tablets is taken
at random from each piece of luggage, find the
probability that:

(a) both bottles contain thyroid tablets:

(b) neither bottle contains thyroid tablets;

(c) the 2 bottles contain different tablets.

68



Answer Ex. 2.95: 
A1: aspirin tablets are selected from the overnight case,

A2: aspirin tablets are selected from the tote bag,

L2: laxative tablets are selected from the tote bag,

T1: thyroid tablets are selected from the overnight case,

T2: thyroid tablets are selected from the tote bag.

(a) P(T1 ∩ T2) = P(T1)P(T2) = (3/5)(2/6) = 1/5.

(b) P(T′1 ∩ T′2) = P(T′1)P(T′2) = (2/5)(4/6) = 4/15.

(c) 1−P(A1 ∩A2)−P(T1 ∩T2) = 1−P(A1)P(A2)−P(T1)P(T2)

=1−(2/5)(3/6)−(3/5)(2/6) = 3/5.
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Ex. 2.99
A circuit system is given in Figure 2.11. Assume the

components fail independently.

(a) What is the probability that the entire system

works?

(b) Given that the system works, what is the probability that
the component A is not working?
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Answer Ex. 2.99

(a) 

P= 0.75112

(b) =

P= P(A′∩C∩D∩E)

Psystem works

= (0.3)(0.8)(0.8)(0.8) = 0.2045

0.75112
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• 2.98 Suppose the diagram of an electrical
system is given in Figure 2.10. What is the
probability that the system works? Assume
the components fail independently.

73



• EX:2.98 
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EX. 2.93 

A town has 2 fire engines operating
independently. The probability that a specific
engine is available when needed is 0.96.

• (a) What is the probability that neither is 
available when needed?

• (b) What is the probability that a fire engine is 
available when needed?
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EX. 2.89 The probability that a doctor correctly
diagnoses a particular illness is 0.7. Given that
the doctor makes an incorrect diagnosis, the
probability that the patient enters a law suit is
0.9. What is the probability that the doctor
makes an incorrect diagnosis and the patient
sues?
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Answer of EX. 2.89:

P(A′ ∩ B) = P(A′)P(B | A′) = (0.3)(0.9) = 0.27
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36 of Employees and 
12 of Unemployed are 
members  of the 
Rotary Club 

Find the probability of 
the event A that the 
individual selected is a 
member of the Rotary 
Club?

A= 
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36 of Employees and 
12 of Unemployed are 
members  of the 
Rotary Club 
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The event A is seen to be the union of the mutually exclusive events
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EX 2.105:
Suppose that the four inspectors at a film factory are

supposed to stamp the expiration date on each package of
film at the end of the assembly line. John, who stamps 20%
of the packages, fails to stamp the expiration date once in
every 200 packages: Tom, who stamps 60% of the packages,
fails to stamp the expiration date once in every 100
packages; Jeff, who stamps 15% of the packages, fails to
stamp the expiration date once in every 90 packages; and
Pat, who stamps 5% of the packages, fails to stamp the
expiration date once in every 200 packages. If a customer
complains that her package of film does not show the
expiration date, what is the probability that it was
inspected by John?
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Answer to EX 2.105
A: no expiration date,
B1: John is the inspector, P(B1) = 0.20 and P(A | B1) = 0.005,
B2: Tom is the inspector, P(B2) = 0.60 and P(A | B2) = 0.010,
B3: Jeff is the inspector, P(B3) = 0.15 and P(A | B3) = 0.011,
B4: Pat is the inspector, P(B4) = 0.05 and P(A | B4) = 0.005,

P(B1 | A) =                 (0.005)(0.20)
(0.005)(0.20)+(0.010)(0.60)+(0.011)(0.15)+(0.005)(0.05)

P(B1 | A) = 0.1124
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EX. 2.115: 

A large industrial firm uses 3 local motels to provide
overnight accommodations for its clients. From past
experience it is known that 20%: of the clients are
assigned rooms at the Ramada Inn, 50% at. the
Sheraton, and 30% at the Lake view Motor Lodge. If
the plumbing is faulty in 5% of the rooms at the
Ramada Inn, in 4% of the rooms at the Sheraton, and
in 8% of the rooms at the Lakeview Motor Lodge,
what, is the probability that (a) a client will be
assigned a room with faulty plumbing? (b) a person
with a room having faulty plumbing was assigned
accommodations at the Lakeview Motor Lodge?
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E 2.115 
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Three electrical components are tested:

S = {NNN,NND,NDN,DNN,NDD,DND,DDN,DDD}

If we are concerned with the number of
defectives that occur?

0,1,2, or  3

E = {DDN,DND,NDD} 
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The probability that no employee gets back his right helmet
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Example 3.8 A shipment of 8 similar microcomputers to a retail
outlet contains 3 that are defective. If a school makes a random
purchase of 2 of these computers, find the probability
distribution for the number of defectives?
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The number of ways of selling 3 cars with side airbags 
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EX. 3.13: The probability distribution of A, the 
number of imperfections per 10 meters of a 
synthetic fabric in continuous rolls of uniform width, 
is given by:
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• 3.2 An overseas shipment of 5 foreign
automobiles contains 2 that have slight paint
blemishes. If an agency receives 3 of these
automobiles at random, list the elements of the
sample space S using the letters B and N for
blemished and nonblemished, respectively; then
to each sample point assign a value x of the
random variable X representing the number of
automobiles purchased by the agency with paint
blemishes.
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3.3 Let W be a random variable giving the
number of heads minus the number of tails in
three tosses of a coin. List the elements of the
sample space S for the three tosses of the coin
and to each sample point assign a value w of W.
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(a) = 1/9
(b)= 0.1020
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(a) 0.68
(b) =0.375 
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• Ex. 3.47

• The amount of kerosene, in thousands of liters, in a
tank at the beginning of any day is a random amount
Y from which a random amount X is sold during that
day. Suppose that the tank is not resupplied during
the day so that x < y, and assume that the joint
density function of these variables is
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(a) 

(b) 























Exercises 



Answer 4.23:

(a):E[g(X,Y )] = E(XY2) =

= 2*(1)2* f(2,1)+2*(3)2 * f(2,3)+ 2*(5)2 * f(2,5)+ 4*(1)2 * f(4,1)+ 4*(3)2 * f(4,3)+ 4*(5)2 * f(4,5)
= 35.2

(b) 
µX = E(X) = (2)(0.1+0.2+0.1 ) + (4)(0.15+0.3+0.15) = 3.20

µY = E(Y) = (1)(0.1+0.15) + (3)(0.2+0.3) + (5)(0.1+0.15) = 3

























Correlation Coefficient
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Discrete Uniform Distribution
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=0.1859
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(C) (P X=5)=  

15
3

(0.4)3 (0.6)12+ 15
4

(0.4)4(0.6)11+ 15
5

(0.4)5 (0.6)11  + 15
6

(0.4)6 (0.6)11 + 15
7

(0.4)7 (0.6)8 + 15
8

(0.4)8 (0.6)7 

15
5

(0.4)5 (0.6)10 = 0.1859 
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(a)        𝟏𝟎
𝟑

(0.3)3 (0.7)7 = 0.2668 
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Exercise 5. 31

A homeowner plants 6 bulbs selected at random 
from a box containing 5 tulip bulbs and 4 
daffodil bulbs. What is the probability that he 
planted 2 daffodil bulbs and 4 tulip bulbs?

18



Exercise 5.32 

From a lot of 10 , 4 are selected at random and
fired. If the lot contains 3 defective missiles that
will not fire, what is the probability that (a) all 4
will fire? (b) at most 2 will not fire?

(a) h(4;10,4,7) = 1/6

(b)

19

/ 𝟕
𝟒

𝟑
𝟎

= 1/6
𝟏𝟎
𝟒
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the probability that, the k'th success 
occurs on the xth trial. Experiments of 
this kind are called negative binomial 
experiments.
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0.135335+0.270671 +0.270671 +0.180447  
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0.143

28
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Two normal curves having the same standard deviation but different means. The two 
curves are identical in form but are centered at different positions along the horizontal 
axis
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Two normal curves with the same mean but different standard deviations

Two normal curves having different means and different standard deviations



Properties of the normal curve: 
1. The mode, which is the point on the horizontal axis where the

curve is a maximum, occurs at x = μ..

2. The curve is symmetric about a vertical axis through the mean μ.

3. The curve has its points of inflection at x = μ±σ; it is concave
downward if μ−σ<X<μ+ σ and is concave upward otherwise.

4. The normal curve approaches the horizontal axis asymptotically
as we proceed in either direction away from the mean.

5. The total area under the curve and above the horizontal axis is
equal to 1.
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specific number of events is the parameter α in the gamma density function

a (alpha) is known as the shape parameter, while b (beta) is referred to as the 
scale parameter
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Ex:

In a certain city, the daily consumption of
electric power, in millions of kilowatt-hours, is a
random variable X having a gamma distribution
with μ = 6 and variance σ2 = 12.

(a) Find the values of α and β.

(b) Find the probability that on any given day the
daily power consumption will exceed 12
million kilowatthours.
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• Answer:

(a) µ = αβ = 6 

σ2 = αβ2 = 12

So, β = 2 and then α = 3. 

(b) 

34



• The length of time for one individual to be
served at a cafeteria is a random variable
having an exponential distribution with a
mean of 4 minutes. What is the probability
that a person is served in less than 3 minutes
on at least 4 of the next 6 days?
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End of Chapter 6


