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Introduction
Johnston (1984, p. 5) very succinctly defined the basic aim of econometrics as ‘to put
empirical flesh and blood on theoretic structures’. A more lengthy definition is that of
Samuelson et al. (1954, pp. 141�–�6), who described econometrics as ‘the application of
mathematical statistics to economic data to lend empirical support to the models constructed
by mathematical economists and to obtain numerical estimates’.

Chapters 3�–�7 provided material that partly satisfies the first part of Samuelson’s defini-
tion; we have considered the application of statistical methods to certain types of economic
data. But clearly we have some way to go if we are to cover the full definition.

8
What is

econometrics?

Objectives
When you have completed your study of this short chapter, you should be able:

1. to recognize the types of problem that econometricians try to tackle;

2. to appreciate a key difference between social and physical science;

3. to understand the difference between deterministic and stochastic relationships.
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8.1 The purpose of econometrics
Mathematical economists deduce or predict certain relationships between two or more
economic data series. Obvious examples are the consumption function, demand curves and
employment functions. Econometrics is concerned with:

(i) quantifying such relationships and finding values for the parameters contained in them;
(ii) testing any theories implied by such relationships;
(iii) using such relationships as a basis for quantitative predictions or forecasts.

Mathematical economists express economic theories in mathematical form, but they do
so in ways that are almost always qualitative rather than quantitative, that is, normally
without involving numbers. Econometrics takes such theoretical�mathematical equations
and, by confronting them with economic data, seeks to give them numerical form. An
example should make the above clearer.

Consumer theory suggests that aggregate consumer expenditure in an economy depends
on some ‘scale’ variable, such as income or wealth, and on the cost of borrowing to finance
expenditure. For example, suppose

[8.1]

where C is consumer expenditure, Y is the scale variable and I is an appropriate interest rate.
Theory specifies a relationship between real values of C and Y which is independent of
prices. It also suggests that a rise in Y leads to a rise in C, whereas a rise in I normally results
in a fall in C.

Unfortunately, theory leaves many other things unclear. Firstly, there is the problem of
defining the variables C, Y and I. Do we use total consumption or consumption per head of
population? Should consumer expenditure include spending on durable goods or do we limit
it to spending on non-durables? In fact, it is the services obtained from durable goods that
should theoretically be included in consumption, but normally we have no reliable data on
such services. What scale variable, Y, should we include in [8.1]? Is Y to be defined as
measured income or as some form of permanent income?. Should financial wealth be
included as a separate variable in [8.1], or should we employ permanent income as an all-
encompassing measure of total consumer wealth? Which of the many possible rates of
interest should we include in [8.1]?

Secondly, economic theory almost never tells us anything about the precise functional
form of an economic relationship. For the consumption function, it is often convenient to
specify the simple linear function

[8.2]C = α + βY + γI,����β��� p ���0, γ��� ` ���0.

C = C(Y, I�),
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But there is no reason why a linear function should necessarily be valid. [8.1] could be
specified in the equally convenient constant-elasticity form of

[8.3]

but there is no reason why any nonlinearity in [8.1] should be captured by this particular
function rather than by any other.

Thirdly, theory provides no quantitative information about how Y and I affect C. What are
the true values of β and γ in [8.2] or [8.3]? Such quantified values of β and γ are of the
greatest importance for the formulation of government policy.

Fourthly, economic theory normally refers to the so-called long run. It tells us only about
various possible equilibrium points. But economic systems are very rarely in equilibrium
and, unfortunately, theory often provides little information about how an economic system
behaves when it is not in equilibrium. That is, theory says little about the adjustment
processes that may or may not take a system to its equilibrium. But economic data usually
describe the adjustment process rather than a series of equilibrium points.

Econometrics, with varying success, seeks the answers to these questions that mathe-
matical economics is unable to provide. It uses estimation techniques, similar to those
introduced in Part I of this book, to attempt the placing of numerical values on parameters
such as β and γ above. It also makes use of the hypothesis-testing procedures of the last few
chapters to attempt the testing of some of the predictions of economic theory.

As an example of this process, consider again the statement made above that the relation-
ship between real consumption and real income is independent of prices. For example, let us
generalize [8.2], to allow for such price effects:

[8.4]

where P is the general price level. If δ # 0 in [8.4], then it is a prediction of economic theory
that the price level should have no influence on consumer expenditure.�1 The procedures (to
be described in following chapters) that have to be employed to estimate β and γ can also be
used to estimate the value of δ. We can then make use of the estimate δ to derive a test
statistic which we can use to test the null hypothesis H�0: δ # 0. If we find that H�0 has to be
rejected at a specified level of significance, then this implies that the prediction of theory
has been contradicted.

8.2 Social versus physical sciences
The ability to carry out planned experiments is one of the key differences between the social
sciences, such as economics, and the physical sciences. Let us take two simple examples –
one from physics and then one from economics.

C = α + βY + γI + δP,

C = AY��β��I��γ,����β��� p ���0, γ��� ` ���0,
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Suppose we are interested in the effect on the volume V of a gas, of changes in its
temperature T and changes in the pressure P under which it is maintained. For example, we
might wish to test the hypothesis that a given proportionate increase in the temperature of
the gas, with pressure held constant, leads to an equally proportionate increase in its
volume. That is, resorting to the terminology of economics, we ask the question whether the
elasticity of volume with respect to temperature is unity or not. Suppose we assume that a
relationship of the form

[8.5]

exists, where A, β and γ are constants.�2 The parameters β and γ measure the elasticity of
volume with respect to temperature and pressure respectively. The hypothesis we wish to
test is therefore H�0: β # 1.

Equation [8.5] is an example of what is called a maintained hypothesis. In any hypothesis-
testing situation, we have, typically, to make a number of assumptions not all of which we
wish to test. Any assumptions that we are prepared to accept without test make up the main-
tained hypothesis. While we can never be certain that the relevant maintained hypothesis is
valid (e.g., a simpler linear formulation might be preferable to [8.5]) some such assumptions
are always necessary if hypothesis testing is to proceed at all. Of course, if the maintained
hypothesis is invalid then the results of any investigation are necessarily unreliable. The
form of [8.5] is, in fact, particularly convenient since, in this case, the implied elasticities
are constants.

To estimate β a physicist might set up a laboratory experiment under which pressure is
kept constant and the temperature of the gas is allowed to vary at will. Under such
conditions, [8.5] becomes

[8.6]

where A* # AP�γ # constant. The relationship [8.6], between temperature and volume alone,
can then be observed by the experimenter, and perhaps sketched on a two-dimensional
diagram.�3 Some conclusion can then be reached about the value of β.

To test a hypothesis about the value of γ, the elasticity of volume with respect to pressure,
a second controlled experiment would have to be performed, in which the temperature of the
gas was now held constant. In this experiment, [8.5] would become

[8.7]

where A** # AT�β # constant. By varying P and observing the resultant changes in V, infor-
mation about the parameter γ could then be obtained.

Now let us take a second simple example, this time from the world of economics. Recall
the consumption function of the previous section and suppose we accept the maintained

V = A**P��γ,

V = A*T��β,

V = AT��β��P��γ
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hypothesis that the form of the function is that of [8.3] above. That is,

[8.8]

In this situation, β is the income elasticity of consumption, and testing H�0: β # 1 implies that
we are testing the so-called proportionality postulate that, for given I, consumption C is
exactly proportional to income Y.

Unfortunately, it is highly unlikely that we could ever set up a controlled experiment in
which interest rates were held constant for a sufficiently long period for us to observe the
relationship between C and Y with any precision. In economics it is virtually impossible to
set up experiments in which all variables but two are held constant. Economists usually have
to make do with data sets in which all variables are changing and the approach therefore has
to be very different.

Fortunately, a statistical technique, normally referred to as multiple regression analysis,
is available to economists in their attempt to overcome the handicap of not being able to
perform controlled experiments. The technique enables us to estimate parameters such as β
and γ not one by one but simultaneously, without the need to hold any variables constant.
Multiple regression is covered in the later chapters of this text.

Most econometrics involves multiple regression in some form or other. It is the econo-
metrician’s substitute for the controlled experiment of the physical sciences. In many ways
it is not a perfect substitute but it is usually the best we have. For example, the conditions
under which various forms of multiple regression can be applied have to be studied very
carefully. Much of this part of the text is given to analysing these conditions.

8.3 Deterministic and stochastic relationships
Economic relationships such as [8.2] or [8.3] are never exact. That is, they are not deter-
ministic in the sense that given values of Y and I will always provide the same value of C.
Human beings are by nature unpredictable in their behaviour and, for this reason, random or
stochastic disturbances are usually added to such relationships. Therefore, we rewrite
equations such as [8.2] as�4

[8.9]

where ε is a disturbance that can be either positive or negative. The disturbance can also be
regarded as reflecting the effect (presumably small) of all other factors, apart from Y and I,
on C.

The fact that a disturbance has to be included in [8.9] means that we cannot expect
parameters such as α, β and γ in [8.9] to be measured exactly. Even if we were able to set up

C = α + βY + γI + ε,

C = AY��β��I��γ.
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laboratory experiments to control the values of Y and I, the presence of the uncontrollable
disturbance would mean that values of C will still vary, even if the values of Y and I remain
the same. As can be seen from study of [8.9], C depends not only on Y and I but also on the
stochastic disturbance ε. Thus C itself becomes stochastic because of the stochastic nature
of the disturbance. There must therefore be uncertainty about the values of the parameters
α, β and γ. The relationship is stochastic rather than deterministic. Similarly, when applying
the multiple regression technique of later chapters, to different samples of C, Y and I data,
we will find our estimates of α, β and γ varying from sample to sample.

It should now be clear that, in econometrics, estimates of parameters will have sampling
distributions akin to the distributions for the sample mean and the sample proportion π
that we considered in earlier chapters. Consequently, estimating or testing hypotheses about
parameters, such as the above α, β and γ, becomes as much an exercise in statistical
inference as the situations we faced in Part I.

Notes
1. Do not fall into the trap of expecting a rise in P to lead to a fall in C. This is not the

traditional ‘demand equation’. A rise in P, with real income unchanged, should have no
effect on C.

2. Those familiar with the laws of Boyle and Charles, concerning gases, will realize that
the true relationship between V and T and P is V # (constant) TP�01, so that experiment-
ation should yield β # 1 and γ # 01.

3. Taking natural logarithms of [8.6] gives

Thus plotting ln(V) against ln(T�) should yield a straight-line graph. Measuring the slope
of such a line will then give an estimate of β.

4. The simplest way to add a disturbance ε to [8.3] is to write C # AY�β��I�γ�ε. Taking natural
logarithms then gives

where ε* # ln(ε) is a disturbance playing the same role as ε in equation [8.9].

ln(C�) = ln(A) + β ln(Y�) + γ ln(I�) + ε*, 

ln(V) = ln(A*) + β ln(T�). 

KX
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