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Abstract:

Engineers have long valued statistics because they may apply them to
understand the data gathered from field work, experiments, testing,
assessments, research and other operations. Numerous aspects of engineering
largely rely on statistics, including the use of statistical models for problem-
solving and making predictions, statistical tests for testing hypotheses, and
probability-based decision-making. Statistics For Engineering Students was
specifically written with pre-university and university students in mind, and
with the aim of providing a better understanding on statistics and how it may
be used in the engineering world. This book explores common statistical tests
and analysis that are presented in the simplest manner as possible to aid
students’ comprehension of the topics covered, particularly descriptive and
inferential statistics. Examples and exercises dealing with parametric and non-
parametric tests have been included in this book as well. This is not only to
ensure students thoroughly understand the need for conducting statistical
analysis, but are able to relate statistics with engineering, and apply them if
required in their respective job scopes when they embark on a career in the
engineering industry.
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Preface

Engineers have long valued statistics because they may apply them to
understand the data gathered from field work, experiments, testing,
assessments, research and other operations. Numerous aspects of engineering
largely rely on statistics, including the use of statistical models for problem-
solving and making predictions, statistical tests for testing hypotheses, and
probability-based decision-making. Statistics For Engineering Students was
specifically written with pre-university and university students in mind, and
with the aim of providing a better understanding on statistics and how it
may be used in the engineering world. This book explores common statistical
tests and analysis that are presented in the simplest manner as possible to
aid students’ comprehension of the topics covered, particularly descriptive
and inferential statistics. Examples and exercises dealing with parametric and
non-parametric tests have been included in this book as well. This is not only
to ensure students thoroughly understand the need for conducting statistical
analysis, but are able to relate statistics with engineering, and apply them if
required in their respective job scopes when they embark on a career in the
engineering industry.

Basil David Daniel
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CHAPTER 1
Data and Variables

1.1 Data

A set of data is a collection of observations, measurements or information
obtained for a study. Data can be classified as either quantitative data or
qualitative data.

e Data that can be measured
Quantitative < numerically or counted.

Data e Can be continuous or discrete.
¢ e.g. length, time, mass, temperature

e Data that are not in numerical form
but instead assigned as attributes.

 e.g.race, age, gender, marital status

Qualitative <
Data

Qualitative data is sometimes called categorical data, because the data is
grouped into categories. Quantitative data can also be called numerical data
because the data is expressed in numbers. Quantitative data can be categorised
as discrete data or continuous data.



CHAPTER 2
Understanding Statistics

2.1 Descriptive and Inferential Statistics

Statistics deals with collecting, classifying, presenting, describing, analysing
and interpreting data that allows us to make conclusions and reasonable
decisions. Statistics can be grouped into two categories i.e., descriptive
statistics and inferential statistics.

Descriptive Statistics J

e Deals with collecting, classifying, presenting and describing
quantitative data.

e Methods for organising (e.g. frequency table), representing (e.g.
graphs) and summarising data (e.g. variability and central tendency).

Inferential Statistics J

¢ Deals with techniques and methods of interpretation of results from
the descriptive statistics.

Usually ,we begin with a statistical population to be studied when applying
statistics to a industrial, social or scientific problem. When it is not feasible
to collect data from a large population, a subset of the population, called a
sample, is studied.




CHAPTER 3
Probability Distributions of
Random Variables

3.1 Discrete and Continuous Random Variables

A random variable is a quantity resulting from an experiment that, by chance,
can take on different values.

For instance, we flip two coins and count
the number of heads. The result could be
zero, one or two heads. Therefore, the
number of heads occurring is the random
variable. If X is the number of heads
appearing, then X=0, 1 or 2.

Discrete Random Variable Continuous Random Variable
o Takes on only certain clearly  Takes on infinitely many values,
separated values. with some limitations.
e Measures discrete data (only e Measures continuous data
integer values). (values include decimals and
e For example, number of fractions).
concrete cube samples, number e For example, compressive
of accidents, etc. strength of concrete, accident
rates, etc.

3.2  Probability Distributions

A probability distribution is a mathematical function that explains the
probability (or chance) of a set of values for a variable. Generally, graphs or
probability tables are used to represent probability distributions.
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CHAPTER 4
Special Probability Distributions

4.1 Binomial Probability Distribution

In a binomial probability distribution, there is only two possible outcomes on
a particular trial of an experiment. For example, the statement in a true/false
question is either true or false. It cannot be both true and false at the same
time.

Characteristics of a Binomial Probability Distribution

e An outcome on each trial of an experiment is classified into one of
two mutually exclusive categories, i.e. a success or a failure.

e The random variable counts the number of successes in a fixed
number of trials.

e The probability of a success stays the same for each trial, so does
the probability of failure.

e The trials are independent, meaning that the outcome of one trial
does not affect the outcome of any other trial.

To construct a particular binomial probability distribution, we use

e the number of trials, n
e the probability of success on each trial, p

Given that X is the random variable whereby X is the number of successes in n
trials, X can be written as:

X~ B(n, p)

The symbol ~ (called “tilde”) is used to indicate that X “is distributed as” or
“follows the distribution of”.
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CHAPTER 5

Sampling and Estimation

5.1 Sampling

We have understood from Chapter 2 that a sample is a subset of a population
and we study a sample to make conclusions about the population. If we are
studying a large population, say to find the height of people in that population,
it may be difficult to look at every individual. We therefore take a random
sample. We might sample 100 people and take the average height of the sample.

Some questions we should consider when sampling:

s N
)
Will the estimate be good?
. /
N\ ( )

Will the estimate be over or below the
population mean?

Will the estimate be inaccurate?

[

Will we get a value close enough to the
actual value if we select a bigger sample?
. /

SAMPLE
)
POPULATION

—

In many cases, sampling is the only way to determine something about the
population. Some of the reasons for sampling are:

The physical impossibility of checking all items in the population

To reduce the cost of studying the entire population

To save time because contacting the entire population would often be time
consuming
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CHAPTER 6
Significance Testing

6.1 Testing a Hypothesis

A statistical hypothesisisastatementabouta population parameter developed
for the purpose of testing. In statistical analysis we make a claim, that is, state
a hypothesis, then follow up with tests to verify the assertion or to determine
that it is untrue.

Since populations are mostly so large that it is not feasible to study all the
items or people in the population, we take a sample from the population. We
can, therefore, test a statement to determine whether the sample does or does
not support the statement concerning the population.

Hypothesis testing (or significance testing) is a procedure based on sample
evidence and probability theory to determine whether the hypothesis is a
reasonable statement.

5-Step Procedure For Testing A Hypothesis

1 3
State the null
hypothesis, H, Select a level of Identify the test
and alternative significance, a statistic
hypothesis, H,
5 4

A

Take a sample
and arrive at a
decision

Do notreject H,

Formulate a
decision rule

Reject H, <

Figure 6.1: Significance testing procedure
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CHAPTER 7
Correlation and Regression

7.1  Correlation Analysis

Correlation analysis is the study of the relationship between variables. The
basic idea of correlation analysis is to report the strength of the relationship
between two variables, i.e., the dependent variable and the independent
variable.

e The dependent variable (Y) is the variable that is predicted or
estimated. It is also called the response variable.

¢ The independent variable (X) is the variable that provides the basis
for estimation. It is also known as the predictor or explanatory variable.

A basic way of studying correlation is to plot the data in a scatter diagram
or scatter plot, which is a chart that portrays the relationship between two
variables. There are several statistical tests that we can use to assess the
correlation between variables. The most common ones are using Pearson'’s
correlation coefficient.

The strength of the relationship between the dependent and independent
variables is expressed using the coefficient of correlation.

7.2 Coefficient Of Correlation

Introduced by Karl Pearson, the coefficient of correlation denoted by the
symbol r, is used to describe the strength of the relationship between two
sets of variables. This coefficient is also referred to as Pearson’s correlation or
Pearson’s r. It can take any value from -1 to +1.

If the value of one variable increases linearly with an increase in the other
variable, it is a positive correlation (r> 0). If the value of one variable decreases
with an increase in the other variable, it is a negative correlation (r < 0).
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CHAPTER 8
Analysis of Variance

8.1 ANOVA Test

Analysis of variance (ANOVA) is a hypothesis testing technique used to test
the equality of two or more population means by examining the variances of
samples that are taken.

It is a parametric test. Parametric tests are those that make assumptions about
the parameters of the population distribution from which the sample is drawn.
It is used to determine whether:

e the differences between the samples are simply due to random error.
e there are systematic treatment effects that causes the mean in one
group to differ from the mean in another.

This is achieved by calculating the F-ratio.

ANOVA is based on comparing the variance (or variation) between the data
samples to variation within each particular sample.

e If the “between” variation is much larger than the “within” variation,
the means of different samples will not be equal.

e If the “between” and “within” variations are approximately the same
size, then there will be no significant difference between sample means.

Variance between > Variance within Difference in means
samples samples is significant

Variance between - Variance within Difference in means
samples samples is not significant

Figure 8.1: Significance of differences in variance
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CHAPTER 9
Chi-Squared Test

9.1 Chi-Squared Distribution

The chi-squared, y? distribution is a continuous probability distribution that
is widely used in statistical inference. It is related to the standard normal
distribution. If a random variable Z has the standard normal distribution, then
Z? has the C distribution with one degree of freedom.

x? distribution with one
degree of freedom.

4 ) 0 2 4 Z 0 2 4 6 8

Figure 9.1: Deriving the c¢? Distribution

IfZ,Z, .., Z areindependent standard normal variables, then le + 222 +..t Zk2
has a y? distribution with k degrees of freedom.

The probability distribution function (PDF) of the y?distribution with degrees
of freedom is given by:

K x
x2 'e72

flx) = ng(ﬁ) forx =0
2

The mean of the y? distribution, p = k while the variance, 6* = 2k. The mode of
the y? distribution is equal to k - 2.
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CHAPTER 10
Analysis of Ranked Data

10.1 The Sign Test

The sign test is based on the sign of a difference between two related
observations. We usually designate a plus (+) sign for a positive difference and
a minus (-) sign for a negative difference.

The sign test has many applications, one is for before/after experiments. For
example, a tune-up program for cars is evaluated whereby the mileage per
gallon of fuel before and after the tune-up are recorded. A “+” sign is assigned
to an increase in mileage, and a “-” sign to a decrease in mileage.

A hypothesis testing is conducted to see if the intervention is effective. The
procedure is explained in the following example.

Example 10.1

15 engineers were randomly selected to assess their level of competence in
using software for design and analysis. The engineers underwent a software
training program and were rated Outstanding, Excellent, Good, Fair or Poor
before and after the training. Can it be concluded that the engineers were more
competent after the training?

Engineer Before After
Adnan Good Outstanding
Felix Fair Excellent
Firdaus Excellent Good
Khaidir Poor Good
Adib Excellent Excellent
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