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Preface

As the name indicates, this text book on the first principles of
econometrics is aimed at a student beginning to learn the
subject. Let us imagine one such student. She probably has very
little or no background in statistics or mathematics. She is keen to
learn the subject but is a little bit unsure about what it will hold and
whether she will be able to cope with the supposedly ‘difficult’ sub-
ject. I will consider this textbook successful if it can bring for her,
some assurance in the initial phase and a genuine passion for the
subject as the course unfolds. This textbook emphasizes real-world
applications; econometrics is, after all, a way of making sense of
the real world. This should enable the student to understand how
the subject can help her comprehend the complex reality around
her and endow her with a fascination for its methods. This is the
main objective of the book.

Today, the teaching and learning of econometrics is inseparable
from software. Programme code in R programming language is
provided with every chapter. R is a widely popular programming
language that is free to use. Students are strongly encouraged to
experiment with these programs. If they keep experimenting with
the programs, they will surely develop a good understanding of
this very flexible and versatile programming language. It will also
give the students a substantial professional edge.

The famous Caribbean cricket writer C.L.R. James once famous-
ly asked, ‘What do they know of cricket who only cricket know?’
The same question applies to understanding science. Science is not
merely a dispassionate search for truth. It is also a social activity that
scientists engage in. The objectives of science, its methods of judging
scientific success and failure and its progress are inseparable from
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the wider social context within which scientists live and work. In
this book, an attempt has been made to provide at least a fleeting
introduction to the major dramatis personae. I hope this will pro-
vide some context to what otherwise may appear more asocial than
it actually is.

Econometrics is a fascinating subject indeed. I have always been
deeply fascinated by its method of getting so much information
about the world that we inhabit, from apparently dry, dull and bor-
ing numbers arrayed in rows and columns with military tedium.
My beginning in the subject was rather like the student we have
just imagined and my journey has lived up to the promise of the
hope that I hold out to her.
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Chapter 1

Random Variables

INTRODUCTION

major objective in econometrics is to be able to make useful

statements about parameters that we cannot observe direct-
ly. We aim to achieve this by examining data that we can actually
observe. For instance, suppose we want to measure the average
household income in Mumbai. To find the actual average house-
hold income in Mumbai, we will have to go to each household,
find its income, add the incomes of all such households and then
divide by the number of households. The difficulty of this task will
become evident when we account for the fact that there are nearly
three million households in Mumbai. We cannot realistically hope
to ask each household what their income is. We will have to choose
a sample of Mumbai households and infer the average household
income for Mumbai on the basis of this sample of households. The
number that we will arrive at is not the actual average household
income in Mumbai, but an ‘estimate’ of that income. If we choose
a different subset of households as our sample, we will get a differ-
ent estimate. We can get different estimates of the average income
if we choose different samples. We are constrained to make some
reasonable statements about the actual average household income
in Mumbai, on the basis of such imperfect information. A major
part of this book will be concerned with how to make reasonably

1
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good guesses about such unobservable parameters from observ-
able but imperfect bits of information. The concept of random
variables is an integral part of the toolkit that we will build in order
to achieve this. In this chapter, we will learn about:

. The idea of a random variable.
. The probability mass/distribution function of a random vari-
able.
3. The mean and variance of a random variable as well as its skew-
ness and kurtosis.
4. Anintroduction to some important random variables: Binomial,
Poisson and the Normal distribution.

DN =

In addition to these statistical ideas, we will also learn about some
basic commands in R, which you should try out on your own.

1.1 THE CONCEPT OF A RANDOM VARIABLE

Random variables are central to econometrics. In order to get
some idea of what a random variable is, let us take an example.
Suppose you and me are playing a game which involves tossing
a coin. The coin can land heads up or tails up. A balanced coin is
equally likely to land heads up or tails up. Suppose we describe
the possible outcomes of our ‘experiment’ as follows:

S = {Head, Tail}

The set S is called the ‘sample space’ With each of the outcomes,
‘head’ and ‘tail, we can assign a probability. Suppose we assign the
probability 1/ 2 to the outcome that the coin lands up heads and
1 / 2 to the outcome that it lands up tails. Then, we can write this
as shown in Table 1.1.

Table 1.1
The probability distribution over the outcomes of a toss of an
unbiased/balanced coin

Outcome Probability of the given outcome
Head 1/2
Tail 1/2
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A useful way to understand the meaning of the sentence
‘probability of a head = 1/ 2’ is as follows: Suppose I toss a balanced
coin ten times and count the fraction of heads and there were
seven heads in this toss, so the fraction of heads =7/10 = 0.7. As
against this, let me throw the coin 100 times and then count the
fraction of heads. Now, I might expect it to be closer to 0.5, say
0.6. As I keep on tossing the coin more and more times, I should
expect the fraction of heads to get closer and closer to 0.5. It is this
limiting value of the fraction of heads that we call the ‘probability
of a head.

In effect, we have defined the ‘probability distribution’ of the
outcomes of the experiment. Let us reconsider what we have
done.

We have specified all the possible outcomes of our ‘experiment,
and then associated a unique real number between 0 and 1 to each
of the outcomes, with the requirement that all such numbers add
up to 1. Any such collection of numbers can be regarded as a prob-
ability distribution.

For example, suppose our coin is not a balanced coin but the
chance that it lands up ‘heads’ was thrice that of it landing ‘tails,
then we will have to re-specify our probability distribution as shown
in Table 1.2.

Table 1.2
The probability distribution over the outcomes of a toss
of a biased/imbalanced coin

Outcome Probability of the given outcome
Head 3/4
Tail 1/4

Note that the occurrence of a head rules out the occurrence of a
tail on the same toss. Such outcomes are called ‘mutually exclusive’
The point is that we can assign any of the infinitely many possible
numbers to each of our mutually exclusive outcomes, as long as
each of the numbers lies between 0 and 1 (both inclusive), each
outcome has a unique number associated with it and all such
numbers sum to 1.



