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|. Definition. Scope and Division of
Econometrics

1.1. DEFINITION AND SCOPE OF ECONOMETRICS
__ E::».‘:-&:‘ﬂﬁcs-ée:ﬁs #ith the measurement of economic rclatim:}npn.f'nz

%R eCoN0mRnCs s formed from two words of Greek ONZIN, v

(ER0TOIV ). 2nC uelow (mezsure),

Econometnics is a combination of economic theory, mathematical economics

& st2ustics, but it is completely distinct from each one of these three branches

O SenCe.

The f-_:vlk‘ﬁ'i@ quotztion from the opening editorial of Econometrica written
ey R Frish in 1933 may give a clear idea of the scope and method of

SCODOIRKTIICK:

Bz there are several aspects of the quantitative approach to economics, and
20 singe one of these aspects, taken by itself, should be confounded with
sconomeincs. Thus, econometrics is by no means the same as economic
s20s13Cs. NOT is it identical with what we call general economic theory,
dthough 2 considerable portion of this theory has a definite quantitative
chzracter. Nor should econometrics be taken as synonymous with the
epphicanion of mathematics to economics. Experience has shown that each

of these three viewpoints, that of statistics, economic theory, and mathematics
= z necessary, but not by itself sufficient, condition for a real understanding
of the quantitative relations in modern economic life. It is the unification of

& taree that is powerful. And it is this unification that constitutes
SConometncs.

]

‘15 econometrics may be considered as the integration of economics,

-

—
!

—<Lzmatics and statistics for the purpose of providing numerical values for the

—_—
-

Deters of economic relationships (for example, elasticities, propensities,

anz! values) and venfying economic theories(lt 1S a special type of economic
©.zvas and research in which the general economic theory, formulated in

“#hematica) terms. is combined with empirical measurement of economic
~DOThena ,’Staning from the relationshups of economic theory, we express

=0 in mathematical terms (i.e. we build a model) so that they can be measured.
®: then use specific methods. called economerric methods, in order 1o obtain

" -™erical estimates of the coefficients of the economic relalnonship# Econo-
“=10¢ methods are statistical methods specifically adapted to the peculiarities

- economic phenomena. The most important characteristic of economic relation-

“5p1 13 that they contain a random element, which, however, is ignored by
3
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4 hematical cconOMICS ;.r,_...: ﬁ:.,,_:_._:F exact relatjon.
spomic theory and mathe i ;..:__:..r..m. Iconometnics has ;ac..._:mua»_
o - - . s

L5 eoone .3:::.4:—.._.._ of economige _.q.-_.-:a:._mm-,_ﬂw

shaps between the ,_..:_2_..__:. random ¢
3¢ﬂﬁ?-4:.w.. for Qn.._.: we r._r..:‘ _.r.f.,:—-::.., :._a—:_v. ﬁ:z—:_w—ﬁ-m ——ﬂ: :.:.-

An example will make _”:_x.._”,,_., on 1ts price, on the prices of ather commq
demand tor 3 commedit? .M.,, (astes. Thisis an exact :._,:_sz..,,_:_e. because iy
on consumers’ ineom ' ik Jetermined by the above four factors, Ny
ymphes that demand 18 gy fisitls mentioned, influences the ,._m:,_m_a. In
other factor, excep! _:,w.s,.n express (he above abstract economic 35:0:55
_.._.:::__._m,‘._g ?.._,Mw,..‘ﬂ_““.,._e,h_ terms. Thus we may write the following demand
..4— deman inm

?_E:c:

L:.n.u.

¢ and
.n;a_m

Qb thP? bsPo + Y + bat
anded of a particular commodity

= m
here = quantity de .
) : ¢ of the commodity

P =pnc .

P, = prices of other commodities

Y = consumers’ income

t =tastes , .

bo. by, by, by, ba = coefficients of the demand equation, /
by, by, By, 7

The above demand equation is exact, because it implies that the only deter-
minants of the quantity demanded are the four factors which appear in the
righthand side of the equation. Quantity will change only if some of these
factors change No other factor may have any effect on demand. Yet it is
common knowledge that in 2conomic life many more factors may affect
demand. The invention of a new product, a war, professional changes, institu-
tional changes. changes in law, changes in income distribution, massive population
movements (migration), etc., are examples of such factors. Furthermore, human
behaviour is inherently erratic. We are influenced by rumours, dreams, prejudices,
traditions and other psychological and sociological factors, which make us
behave differently even though the conditions in the market (prices) and our
neames remain the same. In econometrics the inflience of these ‘other’ factors |
thﬂh _<_._E ot by the introduction into the economic relationships of a
Hiftn \“_q.__mo _“w.nﬂﬁ JMnM_“:M orm_mﬁn:msn.m, i.:d: will .,cm discussed in later
econometrics would cw of :M e ?.:23: ztud ety thithe boolsof

¢ (stochastic) form

m&i????;uf?h;

where u stan
Itis nﬁq,mw_ﬁ_om M__awa_,wm_nos factors which affect the quantity demanded./
of economic theory mncsoﬁ,moosossz.nm presupposes the existence of a body
hypotheses about mmoao o En.oQ should come first, because it sets the
ion of econometric te rswn behaviour which should be tested with the applica-
formulation, which ¢ 0dues. In testing 5 theory we start from its mathematical
' tonstitutes the model or the maintained hypothesis. In our
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xam le of the
examp demand function the maintaned hypothesis is
Q=bo +b,P+b,p, t0, Y+ btou

The next step is to confro
b nt the .

tiial belavic ; model with observational data referning to the
a¢ ur of the economic units - const ) ,
o Wiy imers or producers. The aim of
he econo s cther the theory can explain the actual behaviour of
the econd ,:.:., units, i.e. whether the theory is compatible with the facts, If the
theory Is .:".:..?_:Za with the actual data. we accepl the theory as valid. If the
theory is 5».:3?.:7_5 with the observed behaviour, we E_rﬁ.z_.f._; the theory
or. in the light of the empirical evidence of the data, we may modify 1t. In the
latter case one needs additional new observations in order to test the revised
version of the theory.

The procedure to be followed when testing a theory may be schematically
presented asin Figure 1.1.

L

Theory
~0 1

d, k_

Mathermnotical expression of meory

.. Mode| or maintained hypofmesis

, |
! |
0O :
D) Confrontation of
model with data ) \

ys 4 [ <

’ *

! 1
Accep! theory Reject theory Rewise theory
1_3300_63 if ncompatibie f \ncompatibie
wilh dato wilh dalo wiffh Jato
'
I ]
ﬁ tranal m
| r ew O0% |
L
Figure 1.1

The procedure outlined above is not intended to imply that w hen testing
factors suggested hy

a theary the researcher should restnct himself onlv to f
ﬂﬂnvﬂsamﬁ —.—..—WDQ :; :~qu —.W..u:.:u. &C not m.:r.edLW 3 satisfacte
economic behaviour, the research worker is certainly en itle
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factors. Experime oy i
explanatory factors, 1as P

restate
{he usefulness !
has given new !
evidence which
riking example
Macroeconomic

theory: one may star
behavioural theor
Quch an approach seems
provide a large numbe
existing body of
data available are of interest in
alone may yield results
{hat the number of stor
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ith alternative formulations, each including varq,,
most valuable guide to the revision ang
{ economic theory. Econometrics, by estah);
ce of factors suggested by economic theorie
nsight into various ‘.:_nEm c“awncaﬁ.waw“nwnwﬂﬂ_ﬂﬂm: %SS%Q
has led lo 4 reshaping @T eoretic ! ics. One of the mogt
s in this respect i« the investment function. (See M. K. Evans,
Activity, Harper & wes,._m_mo, m_:ww_ma alm;. .

Various writers have anguedihat there IO T188C 70”4 pre-cxisting body of

{ with a set of observed data and from this derive a

v, This argument is known as ‘measurement with no theary’,
bsurd given that economics in its present state does

r of hypotheses which may be tested empirically, A pre-
theary saves a lot of time by showing which of the mass of -
any particular case. Furthermore, measurement
which are not meaningful; for example it has been found
ks and the number of babies born in New York show 2
strong statistical conelation, which clearly does not make sense. However, if the
woscarcher chooses 1o adopt the ‘measurement with no theory’ approach, the
following considerations should be borne in mind. An econometrician with

clever expetimentation can always arrive al some formulation which he may
present as a ‘theory”. However, in this case the researcher cannot claim that his
‘theory” has been tested from (he evidence of his original data. The information
of these data has been used for the derivation of the ‘theory’ and cannol be used
again for testing it. In other words, one should distinguish clearly between the
test __?_._2.3 existing theory by using observational data, and the use of
observations for formulating a new theory. Such new theory cannot be tested

agatnst the same data vsed for & A " P
..m st the same data used for its derivation. One needs additional observations
ot s verification,

ntation W

.&._‘:.mm
Mu

1 o
ment of the hypotheses

Iness of the :Emg_:mm:

We sad that ec sy -
S TiOmics H,_*_ econometries is the integration of economic theory, mathematical
s and statistics. We examine below the relationship between econe

; . , — . .... 3 — ’ — a.ﬂ:ru. —un:_;:_r { :ﬁ

il nange ﬁ cono i GRL ] | |
:_ﬁ nm .: _a— —_.: dl ¢ { Nnics 1Y t-— 1 - 1 Q——_n uﬁ\_ d
ﬁ_rﬁr’rﬁ \ ;.—m s w:.._——r—d.rv Cﬁ .ar_.ﬁ:.r—. v

1. ik, ECO > S
NOMETRICS AND MATHEM ATICAL ECONOMICS

Mathematical ¢¢ ;
symbols. jﬁrn,,_wu,ﬂr.”:cf@.ﬁ._.,..,:.p.,m,p.cc:c::n theory in terms of ::.__.o__:.-:ﬁ._
teononuie theory wc:,g MH_“_”_..#_.._.,:EEJQ. between mathematical cn:::_.:_r..f. .,.:;‘
uses verbal exposition _s_. #_, ,_ ¢ same relationships, but while cconomic theory _
Both express the ,....:r,.:,. ;._._:sm:__ﬁ..__ cconomies employs mathemal ical symbolisim
9.&?::7. theory it 5.,:”,%:5:.:’. Er__:::z_:_,m inan r“z..:.._ form. Neither
UL affect the i;:o_.f_ﬁ_:,:.a_.: economics allows for random clements which
mﬁ.man. MUmMeneal ,,h::,,.rmr“w Mﬂm E.,:.fm i stochastic. Furthermore, they do no!
CONOMetrics differs from :p_.ﬂ”m“ _”,‘..._.,._:.,. of the relationships.
' atical economics, Although econ

Pe3upposes the eXpressi . ometnes
AN Woee . =
ng ﬁ ﬂrc:C::ﬂ rolatirrokiime ey :J‘-‘:_-_.:.:‘—P.U— —r:._:.

[
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like ﬂmnwrm”nm:nm_ economics it does not assume that economic relati
exact. Un the contrary, econometrics assumes that relationships are r
Econometric methods are designed to take into account random dist

which create deviations from the exact behavioural patterns suggest
economic 52.5\ and mathematical economics. Furthermore, econometric
methods provide numerical values of the coefficients of economic phenomena.

For example, economic theory suggests that the demand for a u‘xm}._%r
covers a basic human need is inelastic, provided the commeodity does not :n‘rm
close substitutes. This information is of little assistance to policy-makers, |
because the coefficient of elasticity may assume zny value between 0 and 1.
Econometrics can supply precise estimates of elasticities and other parameters

of economic theory.

1.1.2. ECONOMETRICS AND STATISTICS

Econometrics differs both from mathematical statistics and economic
statistics. An economic statistician gathers empirical data, records them,
tabulates them or charts them, and then attempts to describe the pattern in
their development over time and perhaps detect some relationship between
various economic magnitudes. Econumic statistics is mainly a descriptive aspect
of economics, It does not provide explanations of the development of the various
variables and it does not provide measurement of the parameters of economic
relationships.

Mathematical (or inferential) statistics deals with methods of measurement,
which are developed on the basis of controlled expeniments in laboratories.
Statistical methods of measurement are not appropriate for economic relation-
ships, which cannot be measured on the basis of evidence provided by controlled
experiments, because such experiments cannol be designed for economic
phenomena. In physics and some other sciences Lhe researcher can hold all other
condilions constant and change only one element in performing an experiment.
He can then record the results of such a change and apply the classical statistical
methods to deduce the laws governing the phenomenon being investigated. In
studying the economic behaviour of human beings one cannot change only one
factor while keeping all other factors constant. In the real world all variables
change continuously and simultancously, so ihat controlled expenimants are
impossible. We cannot change only incomes, keeping prices, lastes and other
factors constant, because the latter will change as a result of income change

Economelrics uses statistical methods after adapting them 1o the pre
economic life. These adapted statistical methods are ¢ led econometric o

u 1 odini y I 1 ( 1 2
In padticular, econometric methods are adjusted 5o that the ¢ appropriate
relationships which are sto h !
marily tn specilying

1 nat s

for the measurement of ceconoic
they include random clements. The adjustment consists p

are od 10 operate in the real world
the ..,.:.F.m..zm_:,.ﬁ_,::?:; elements that are supposed to operate i U 1w _, (
inati " the TVE d, { the latter can be
and enter into the determination of the observed data, so thal the latt : 10
le to which the methods of statistics can be

mterpreted as a (1 andom) samp
applied.
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GOALS oF :.C,J_Or_ ETRICS
i

oy three main goals of -...2_,5__...,_1_.,9 (1) analysis, | ¢ -
Wecan i 2) solicy-making, 1.¢€. supplying numencal Cstimates of ___.
omic theorY: .“_1.,._.:::.::4.‘. which may be then used for decision. .a

s of ?.:?:s.: e using the numertcal estimates of the coefficient
orecasting. | :.. Lalues of the economic magnitudes. Of coyrge ”__:.
e :_“”,».E,r.n. Successiul econometric applications u_..om_azﬁ
: f all three aims.

of econ
coefficients ¢
making. (31
arder to forecas |
o tuld v
re not mu :

nﬁ._._— i

combination ©
include some con
really incly

|21 ANALYSIS: TESTING FCONOMIC THEORY

In the earher s1ages of the development c_.a.no_.ow:_n theory cconomists
formulated the basic v:_:,_m_nv of the m:.zp:::_,:m ol the FEDIEIIC mmﬂn:,_‘:a:m

- moqtion and applying a deductive ?orn&.:o. The carlier economic
ﬁ.;ﬂ.u n—,ﬂ:& i 3 setol observations concerning the behaviour of
””M_.MM:T as consumers of m_on_.ﬁa;. Some cwmmn m.mm:_,:ﬂ:o.:w were set
regarding the motivation of _E__SEE economic units, ._.._Em in a.o:_m_.._a En.oQ
it was asumed that the consumer aims at the maximisation of his satisfaction
(gulty) irom the expenditure of his income, given the prices of the commodities,
Similarly, producers were assumed to be motivated by maximisation of their
profits. From these assumptions the economists by pure logical reasoning
derved some general conclusions (laws) concerning the working processes of the
economi system. Economic theories thus developed in an abstract level were
not tested against economic reality. In other words no attempt was made to
examine whether the theories explained adequately the actual economic
behaviour of individuals.

Econometnics aims primarily at the verification of economic theories. In this
case we szy that the purpose of the research is analysis, i.e. obtaining empirical
evidence fo test the explanatory power of economic theories, to decide how well
anmﬂn% w_” &82& gw:mso.i of Ew economic Eim. qom_mw any ESQ._U
a:g_gma ; snms._s In expaosition or its sound _om_om__ no:mmﬂn:o? cannot be

and generally accepted without some empirical testing.

1.2:2. Y. .
POLICY.-MAKING- OETAINING NUMERICAL ESTIMATES OF THE

COFFFICIENTS (11 & .
_ PICIENTS OF ECONOMIC RELATIONSHIPS FOR POLICY SIMULATIONS

N many cases we - ’ y . i
relable gt ¢ 2pply the various econometric techniques in order to obtain

ates of ivi i i .

from which we amm Hw:_azacm_‘ coefficients of the economic relationships

(multipliers _mnrzwn._ oy ﬁmw:ﬁznm or other parameters of economic theory

revenues, :_3_ The mnﬂc;m_?n_n:; of production, marginal costs, marginal

YTy important for the de wmmw of the numerical value of these coefficients is
1085 of firms ag well as for the formulation of the

tconomic polic
y of the ;
policy decisigps. government. Iy helps to compare the effects of alternative

on ”ﬂo Eovernment about devaluing the currency
+a8 well as on the ¢ numerical value of the marginal propensity
Merical values of 1he nrice slacticities of eXports

&
[

o]

i
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imports,
and imj If the sum of price elasticities of exports and imports is less than

one ina _ .ﬂvr:ﬂ (Uw:n mw,ﬁ ﬁ_ﬁf a 1
’ —:ﬂ on w w»r not *NF in elis I ic
—. 4 ¥ “- ne é:ﬂ:.:m tl L Qﬂ:fpﬂ in

Similarly ,if the price elasticity of demand for a product i less than one

{(1nelastic m_nam:a_. it does not pay the manufacturer 1o decrease its price,
hecause his receipts would he redyced

In a competitive market with linear demand and wupply curves of the usual
type (downward sloping demand and upwardsloping supply ). the government
should not impose a specific excise tax ( per unit of ..,;.v__..w if its aim 15 1o curb
price increases, because such a tax would raise the price, although less than the
amount of the tax per unit. ceteris paribus

Such examples show how important is the knowledge of the numerical values
of the coefficients of the economic relationships. Econometncs can provide such
numerical estimates and has become an essential tool for the formulation of
sound economic policies.

1.2.3. FORECASTING THE FUTURE VALUES OF ECONOMIC MAGNITUDES

In formulating policy decisions it is essential to be able to forecast the value
of the economic magnitudes. Such forecasts will enable the policy-maker to
judge whether it is necessary to take any measures in order to influsnce the
relevant economic variables.

well as what the level of employment will be, say, in five years
measure whatsoever is taken by the government. With econom
we may obtain such an estimate of the level of employment. If this
low, the government will take appropriate measures 1o avoid ils occurie
the forecast value of employment is higher than the expected labour force. the
government must take different measures in order to avoid infl

Forecasting is becoming increasingly important both for the
developed economies as well as for the planning of the economic development ol
underdeveloped countries.

1.3. DIVISION OF ECONOMETRICS

Econometrics may be distinguished into two branches. theoretical econo-
metrics and applied econometrics. . o

Theoretical econometrics includes the development OF 3
for the measurement of economic relationships A hon
techniques are basically statistical techniques wh
particular characteristics of economic 1€
reality render the pure methods of matt
measurement of economic phepomens. 4
measurement of economic relationsitl
not derived from controlled expenments. I
ments are not ﬁozﬂc‘.m. because

W

T
-
s
r
‘

m.,/ dre

most of the economi
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19 and is influenced by all the ohey UETTTTTRN

ave been developed for the analysis of
cconomic relationships are nog eXact, g

i ces
temporancously 4 nd ﬁ_».__.. _.z_ﬁ “”.._,_& h
Accordingly, Q.o_rwzz,:_,r .,_,”::,__. he
non-expet imental data, Sede _.__ZM economics assume them to be. moczs_zwn
cconomic theory and _.E_.__ﬂ”,_”w ﬁm_:._,. being influenced by unpredictable XS
behaviour 15 0 a et .:..:_ swua_..a taken into account by cconometricians qucmr ;
.3%.4_,:_5 :* z_.,m” ”_M“”_ ﬂ“,mn:.c%:% being studied of a special random variable,
s __::waci_“._“__ he examined in subsequent chapters.
whose E:_m._ ic methods may be classified into two groups: (1) single < 4tation
a%ﬂﬁ% which are methods that are %E_ﬂ@ H3 one En_w..%:mam at a time;
and (2) simultaneous-equation techniques, w ich are methods applied to m: the
relationships of 2 model simultaneously. In this book we shall develop various
methods of measurement of economic crn._aj_m:m. .

Applied economerrics includes the uﬁE_B:.o:m of econometric methods to
specific branches of economic theory. It examines the problems enco untered
and the findings of applied research in the fields of demand. supply, producti o,
investment, consumption, and other sectors of economic theory. Applied
econometrics involves the application of the tools of theoretical econometrics

for the analysis of economic phenomena and forecasting economic behaviour.

2. Zﬁroao_om% of Econometric Research

Applied econometric research is concerned with the measurement of the
parameters of economic relationships and with the prediction (hy
these parameters) of the values of economic variables.

The relationships of economie theory which can be measured with one or
another econometric technique are causal, that is, they are relationships in which
some variables are postulated as causes of the variation of other variables. In
this sense definitional equations do not require any measurement. For example
the equation Y =C+ [+ G is the mathematical expression of the definition of
national income of economic theory. It does not explain the determination of
the level of income or the causes of its variations. We stress this point because
in many instances researchers tend to ‘measure” a relationship which actually is
a simple definition and does not express any causal relationship among the
variables involved.

In any econometric research we may distinguish four stages.

Stage A. The first step in any econometric research is the specification of the
model with which one will atlempt the measurement of the phenomgnon being
analysed. This stage is also known as the formulation of the maintained hypothesis,

Stage B. After the formulation of the model one should obtain estimates of
its parameters, that is, the second stage includes the estimation of the model by
Means of the appropriate econometric method. This stage is known as the
testing of the maintained hypothesis. .

Stage C. Once the model has been estimated, one should proceed with the
evaluation of the estimates, that is to say decide on the basis of certain critera
whether the estimates are satisfactory and reliable,

Stage D, The final stage of any econometric research s concerned with the
€valuation of the forecasting validity of the model. I's

means of

Woause
they help in decision making, A model, of its parameters,
€an be used in forecasting the values of economic variables. The ecorometician
Must ascertain how good the forecasts are expected to be n other words he
must test the forecasting power of the model. _

Stages A and C are the most i itant for any econometne rese e ,, ._ hey
Tequire the skills of an economist with expericace of the fun _::M::. f the
‘conomic systerin, Stages B and D are technical and requine knowledpe of

theoretjeal cconometncs
In thig chapter we will discuss in some detal these four stapes of econometn
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<L.1. VARIABITS OF THE MODEL

From e abowe sourcss of information the econometrician will be able to
make 1 B57 of the variables (regressors) which might influence the dependent

onemic theory indicates the general factors which
et e dependent variabie in any particular case. For example, suppose that
the eccnomatticiag

a2 wants 10 study the demand for a particular product. The

=3 LZommation is the static theory of demand which suggests
that the determinants of the demand for any product are its price, the prices of
mplements), the level of the incoms

an.nu £00&s (mainly of substitutes and co
consumers, and their preferences. On the basis of this informaton we may
wnite the demand funcy

on in the general form
Q:=f(P, P, ¥, T)
whers Q,= quantity demandeq

e of commodi
WN = price of noSES:wN e
ﬂ "

price of grhe, commaodities
Y = LOnsumers’ incgme
T =, Suitable Measure pf
Apart from Eneral i
particular mn_n_mu:zanammww Mic theory, studies already published in any
et e :_“o.:u_ nowledge about the factors determining the
rious Eon_:m_m _;rm.a results of econometric research on the
i by ‘ * Provide evidence that, zpart from the above four
€0ry, the demand i affected by other factors

consumers’ tastes.

Merhondodogy of Ecomometric Resesrch

such a3 the level of income eamed previous periods (Y.
ranatron and credit policy of the government (G). and the dis

oo (V). Thus the demand function becomes

Oy 2 AL Py Y. T. Y. Va1, G. Xy)

Finally the information about the individual conditions in
and the actual behaviour of the sconomic agen

menats the knowledge o

13

Yoz etc)), the
tbution of

a particular case,

ts (consumers of producers) maple-
[ theory and of applied research. 1 we study the demand
for expeets of a product, in sddition to the above factors we must take mio
soount Jumping policies. taniffs of countrv-buvers. forewgn currency restrchons
m these countmes, etc.

It should be clear that the number of variables to be included in the moadel
derends on the nature of the phenomenon being studied and the purpose of the
research. Usually we mtroduce explicith

= v P siga ~F v Nl PR *
Wity in the function onby the most mportant

(four o1 five) explanatory variables. The influence of Jess Inportant x1008 is
taken into account by the mitroduction in the modal 3

el of 2 random vanable,
usually denoted by u. The values of this random vaniable cannot be actually
obsarved like the values of the other explanatony variables, We thus have to
guess 3t the pattem of the values of u by making some plausidie assumptons
about their distribution. The statement of the assumptions about the random
variable is part of the specification of the model (see Chapter 4).

2.1.2. SIGNS AND MAGNITUDE OF PARAMETERS

The same sources of knowledge — theory, other applied research and imfor-
mation about possible special features of the phenomenon being stud
contain suggestions about the sign of the paramerers and possibly

For example assume that we investigate the deman
product

d funcdon for a given

Q: =0y +5,P; +b P+ b3Y +u

We should expect, according to the general theory of demand. the following
findings. .

The parameter b, is expectad to have a negative sign. given G.W ‘law of ,
demand’ which postulates an inverse relationship between quantity demanded
and orice,

The parameter b5 related to the variable ¥ is expected to appear s__m._ a -
Positive sign, since income and quantity demanded are positively related. except
in the case of inferior goods. - }

The parameter b, of the variable P; is expected to have a m?iﬁw:@.m
commodity J is a substitute of commeodity z. and a negative sign if the two
commodities are complementary. Rl —

As regards the magnitude of the parameters we note the fo owing i””} 'S
are gither elasticities, propensities or other marginal :._uE:Em& ou. ?, 2 H
:._moJ: Or are components of these parameters. In a _Emmmamau:r.pc_..-,...:..
such as the one in our example, the &'s are components of the relevam
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e Lot Ceommodity and the exastence ol

nhstitaley

atme ol the — o

' price anal o clantieitics we expected 1o he !
\ [}

Aicthiey witl he hiph assonming that the commodity
he eross ol dekty ol Jdemvnd for commaodity = withy
. v _::::_:4 /. ._c_.a:__ on how clo subgtitute or COa
:..;:,_._ to bhe 7._:. ol oo m ___,__:.,,_ M _,:::::._:___ * N / inoaovery close ...:__,.::::
:;:::.:7. ‘_ . ,.“ _.._.._:.,,_:,_ ol demand will be very high. Thus, piven the
- 4.:_._:_:.::_ , :;.. _..:“M___::“ .5_:. Ples, the h's e expected to assume values _
it ol ::,_;__:......:ff... ”: elastteition ol the ,.:4_::__:...__. theoretical -
Lol 1 e e the simple version of the consumption
A nnother oxaple fed st Xatnie : | _
(unction which states that consunplion (€ ) depends on the level ol income (V)

A.. T: - &-—#& — H

:.i_:.__:.,,_...ﬁ Now
yinly o the v

Jependon e
1 e prodied {x 8 :.,.._ N ..__.
(EE Tunany thyene R

auatl, 1
Fiain en e o sl nies

plonent v

i this (nction te coelticient by the marginal propensity Lo consume and
ol be positive will o value less than unity (O <2 MPC = 1), while the constant £
mtercepl {by ) of the (unction i expectod to be positive, The meaning of th
posttive congtand s thad evon when income is zeto, co sumption will assume a

postiive valne: people will spend past savings, will borrow o tind other means
for covering thelr needy,

To decide in

any partionlar ease whether a good is normal orinlerior, a
"necessity’ on iy item, whether it has substitutes and how close these
substitutes are, one showld know the conditions of the market being studied. For
_.._..._:___:.. atelevision set i ‘necossity” i the United Kingdom, while itisa
Moy roduct i under-develaped countiies,
_:_.“\.._”,:,_‘_,”_“,__,“:_: “; __:,_ varlables 1o be included or excluded from a funchion .
of the Vit ._.__.:..:.__H_,___._..:.,.:_:J_ :_. 2et0 and nonzeto restrictions on the parametes
n bnetion we ":.:___:” __,_.:;.__. That i, Alier wig decide to exclude a varable from
funetion, _..,_::r:_{.:f,....””.:__:.,w._: the vestriction that its paoameter be zero i that
il we inpote e :_,,:_” _._,::__“,_: ___:..::__, aviriable in the _:_...::.: :.7 :_“..:_._,d
1010, OF conne 1 g...":_:__,_“__ IFTRIE __..:.::_._,._ assumes a value different ._:_
ehidad in (e o v, ,_.:_ of the telation may show that some ol the
modity nitial fyy, __<..:._Z__,,." e nal sipndficant, in which case we iy
variables 1o el pothesty by excluding these vanables. Thus the number of
o Wy ineluded e mode! depe - - of the
. Phenomenog | , depends on the nature of
thnally be tegine I W sdied whilo the number of variahles which wil
wlated 14, lis vitlgile ‘:, Mmaodel depends on whether the parameter estimates
which we will __.,,, _:_ s Lhe CCONOIMIC, bt istieal - ..... M Aebe crilerin,
Bisenms hefoy. sbtlstical and econometne ¢t

A0 _
. z>::_z>__,_._>__ Fowm

Feonomie I MODbY)

Ay not indye
Mimbiey o 4 _

the

thenry

! i
r:...:.,._:_ﬂ. 01 1y b
i 4 ,
R U T (Y

-

Ao the precise mathematical form
U UHLITRTIY 1
Lo be included in the economit

Methododogy of Eeonometrie Keseareh

pmodel Forexample, the theory of demand does not determime whether the
dennd Tor a particular commodity shonld be stadied withoa single equation
el o with wsystens of sl tmcons equuations, Pacthermore ecanomie theory

does nol say whethey the demand Tane tion will be ol a lineg

meona nonbinea
o, denand corves e down as stimght dowowad stoping lines o s curves

However, demand theory contams some infonmation abont the nathemitical
form ol a demand function, Static demand theory is Bimed on the assinption
(hat the belmvions ol consumers icrational and that they donol

sulley from
money Hlaston, This assmmption fphies that i all pocesand ancomes change by
(he s proparbon, the ttional conmmes will not change s

copsumption
1.____1__

it s he will not change s denvand Tor the vanons conmodities,
Thus the demand TametHon should assome a pcrthermatical Toron which will take
indo account the atonality

ainption of demand theory B techmical pgon
we say (it the demuand Tunetion s homogencous of degree zoro, CThere are
various wiys for expressing the pationality assumption ol the theory ol demund
Soe bR Klein, A Introduction (o Eeonomerries, Prentiee- Tl Bntemnational
London 1962, ppo 19 11)

I nrost cases econotie theory does not explicitly state the mathematic al
Fon of ceanomie relitionships, 101 often helplul to plot the actual datia on
two-dimensional diggrames, faking two vicables at o time Cthe depeadent and
cachi one ol the explanatory variables in tuen ), Tnomost cases the examination
of such seatter dagrams throws some Tight on the torm ol the function and
Betps in deciding upon the chotee of the mathenuatical form ol the relationship

connecting the cconomie variables, Tnoview ol the vaguen
in this i

ol ceononne theory
pect 1 has become ausual puactice for the ceonometieim o
cxperiment with various fonns (linear, nonlineat) and then choose from mmonyg
e virtons resulis the ones hat are pudged as the most satisbictory on the basks
ol cortaim entteria which will be disenssed below,

Nontinearities are usually taken mito aecount by
exanple

polynonuial fora, o

YubgthXth X tu

(8]

Yohgth X4 X? Fhy X!

and w0 on. The number of nonhinear tevms which will be retalned i the function
i docidedd upon fests of thein signdhicance (wee Chapter B)

We should Tinally note that economie theory does nod splicitly state
whethey g particulne phenomenon Aot be stadied with o wingle equation medel

OCWH Gl equation modet Teis the coonometieban who st deoy
hethiey (e phenomenon being stndied can he ad

poadely descnibed v single
COptation o by aogystem ol siinulianeons TIHARTRITE RRTIR

T Jvip

Bocomplex pnd we attempt fo ipproxiate o Iry

Atiple « gt phhawiy 1hie
Aoyt cortginly bound o obtain incoriecbestite

of the parameton | aking

aceount the complexity ol the real woild one should hindly expect to study
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Catatintiond fogin 01 is 0 loas the sine vaniables us
the one which we wre studying), on they tay be same iigtue of coefficienis
clongiog b vatiows Tone tions, For e xample

suppone we wanl Lo estirmale the
conatd fanction fora product fora pedod aver which incomes and uiles
fas tots exeept price hiave temained constant. Thus both the demand and the

supply will depend an the price of the commaodity

g =1y and

o, =1

Awstine that we wish ta estimate the demand function by using titne series of
ket duti Such data record the quantity demanded oty certain price, bul the
pantity bowght b at the same tee the quantity sold (72 8 pat the market
price £ Thus when vsing the recarded market data on O and £ we do not know
whether we are estimting the parametess of the demand fanetion or of the
supply tunetion, There are some tules by means ol which we may establish
ientilication of the coellicients ol a function, Theve rules are analysed in
Chapler 15 We note here that the job of identification is most important since
it determines whether a relationship, although theoretically plausible can be
stalistically estimated or not,

220 EXAMINATION OF THE AGGREGATION PROBLEMS OF THE FUNCTION

Aggregation problems anise from the fact that we
our lunctions, Such aggregative vanables may involve
() Aggregation aver dtdividuals, For example, total income is the sum of

individual incomes; total output s the sum of the output of indivrdtial firms,
andl 1o on,

e appregative vasiables in

(b) Aggregation over commaodities. We may appiepate over the quantities of
valous connmodities (using appropriate quantity indexes), or over the prices
ol group of commaodities (using some appropoate prce index), For cx; wple,
i we wint to estimate the demand tunction for ‘food”, with explanatory
virddables “total income’, ‘the puce ol tood' and "the price of other commaodities”,
all viriables will include a certain level of aggregation.

() Aggregation over time periods. In many cases statishical sources publish
dati which refor to o time period ditterent (longer or shorter) than the unif
e penod required i theory for the Tunctional refationship smong the
Ceonomic viriables. Far example, the production ol mosl
Cormnoditg
e

ifactunng

s completed toa penod shorter than noyear, 1 we use annual

sthere may be some error i the coctlicients ol the production tunction.
(Y Spatial aggregation. For example the popaliation of fowns, countics,

ertons, o, produet of regions, ol the whole country, ol the waorld

0 on,

v i whole,

The uhove sonrces ol nppregntion create varoos complications which may
vEnome nggregation hins” in the estinates of the coelficients, 1t s

Portant to examine the _.n..zm__«-___< ol such souees of error befoie cstimating
e Tunction, and to adjust the aggre gative virables or the model sccordingly




Coprelstion 1y Hhe Sinple Lineur Keyrisy,,, M
S\&

w

o O plless, Mathepimitload Loy _
B R .ﬂ\v‘..*.—s.ﬂﬂ{&. m. / 7 a.w&.t‘ ™
Eﬁ“ﬂ.ﬁmw w&é: 20, pleo L. 1 Blemn, Ant dadeesdintion 1oy ,:.‘3“_:::_
LR, ' ngtiond, 1400 1967, pp. 04 6, R0 104 5.) HEriy,

Preptick il Intesn
224, EXAMINATION OF J14s. EERED OF CORRELATION AMONG 14y

£xP1ANATOR ¥ A (AELES

yariahes are ooprelated, in the sense that they tend 1, 4,

vir g the various phases af economic achvity . Income n..“::%
H knt\.\w_.

i e

smdiaces sy @ .
pton, L vesTELL, &RU\...:M.. ha_ﬂuba—bu taxes, ﬂﬁ:& Le) BIOve i by
LAl

gaest, CrST o, 1E
cervds of gepression. Thus a certain degree of multicolbneaniy g
i

aod Gerire o DRSO
Chprerr 2 e eonic verianles due 1o the growth and technological preyes
U seeier i degrer of ollinearity is high, the results (measurements) ’
obvaise’ i eonaOTEic pplications My be seriously umpaired and their uge
ol ﬁﬁ.ﬂ..ﬁmmm\..u L 1n thewe conditions it may not be computa
soedls rossne v wveree e influence of each one explanatory vanable. Fos

Yt eLuOmiL

Nﬂbx sricet el Mmm.x end w0 increase together. If we include both thesw

.Mww,l = Ze v o explenatory varizbles in 2 demand function, it is most

TCOTENE E TE irrer el waliiae ~F the Fopffis : . i i

E wamun_:v:\m_.:‘;lrm Svdues of the coefficients will be inaccurate and will

Toe 2 l\ma.,.t‘.,\bn of each H,.,u__..ﬁu.ﬂ explanatory variable on demand.
feneT of memcolizesdity is discussed in Chapter 11.

“.\llm. ﬂc.% s TR
e S
-18 TETIETT o B 2 - z ;
T somomic celationships may be estimated by vanous
6 SHpr-uriom e roups:
= d. l?AI\A‘ o] e e -
hese are technigues which are 2pp

H\h.ﬂa.ﬂh I.mn...\- \.h \.‘Nmﬁml}.”_“\h -.I_an..\,_.))\u

R
w) AT

SUETY £ 2 e The e o are 1€ lied 10 08¢
G - - The o trooryany 3 ;
Tt mporiant zre: the Classical Least Squares of

orliten: L 5, ToRTant e
e o oS T the [ndirect ced-form
2 the Indirect Least Squares or Reduced-9%

m.Hn__HmA.wl‘

E. 12 T9oSape | pace ©

Wezimier AT S5 43S yomres method. the L
- ox: .m_|ll!|-l| - £ S - Wi

SR IO v yasiow < ot y . :

various methods of Mixed Estimation-

imited Information

< w.m.H._n.uhi = ~1C 2N Vanour
AMieef L Y techmioor Thece ar ; ks BIE
iguey, These are techniques which 2!

~ <2l e o B .
DS o S FET00S OF 3 oy :
2 0 o e Bl L O, and give estimates of the
= Lewe T -=LT20DY emultaneod : 2 the
Lt s - STUETS methog ously. The most important af
UTOT Teraoms ® =SB0 nup[l_,‘, 1 = - = L
Wi ope OJER. od 2nd the Full [nformation Maximum
= P R a b

e
S

i o Wl Dy

I8 suh i o 2 CN0%eT in 20y part v =

iy oo, T vature of the rel pariicular case depends on WAL 8
Lwr mag * the relationship and its identificatio?

LEDOT W

VT 2 Sl et ich can be satisfactorily
Uslh: he rd -+ =2110n Ul.lm..qla_nu_. 3 1 3 " . HNN.M.H 2
. the method of ordinary o8

: Il.(l ..fﬂ l._\._«.'/llnh b | ' c

> Considerable advantages (se€ Chapte?
- which we zre interested belongs 192 e
fungs 2y nv ope of the abowe rechnid’

.H.,d.:,‘.
. fl_Uh..!w..... J..
VSR o ElEE ,..ﬁf_rwﬂ).w: .. ‘ u ‘
0L 07 vy s B WE Shal] e J.arnrruu,&:om of the function. :?:._m
. 24 e 2 S~ I )

8
15

ol

bty 1of Basappivniebrie fessminhi i

Sl B i Wik Bdbioviiing Ywrdins thy Hhe it ks A dis cadanipdas i
Ve i AR seasts s s Dtsini cach g In
stppale sl piossks Wik orapgacitice A i s ik si
VAL R gt i socdi prisged et 1 ok vipk 148 ek

cdisdar bapiidiit Misdi adsy AANAS

dvagiuy £ s gl e Bigd 4
,E:_\_w. & A ipiidib Ly

CHfpe et w1 i 4
coliniate i gy nupe oA N s dlpx

44

ety o sithey sty Hien B foapinies Uechiviong i b prabusind L, )

e s We shall return s, Hals granil sy () BMaswierer gl A s Qe i dlpie
L pnpentant, Qegpenids on e pril gt 1A ik st pl LA

ara begisticy 1s thie jiis

resedre i It s usialy argied that it thie ik o U jiude) by feotkeastisg L
TT\WH-J. of frupiisin Yananie is Yely _:.._\::.;_:_‘ et bucang et Mt Lait e
A ting the values o ecuninniL vanables, but if the grappi sk i Wk (e i) Wi kLS
ysis OF peAiy -raking, i which Lase he Js interested i (AA s lig o8
viduul coefticients, the degree of bias beonanes ciuciel (4) b

of the methaod is used as & Crivenon o s @
hecause the first imyidves st phes canpula-
er. (e) Finally , the Vi and
criteris for e

1s a4l
estinztes of indi
come cases the sinplicity
vrhod may be preferred Lo anuther
and has less data requirements than the uth
ts of the various methods are often important
hinique for the estmation of the parameters of 2 miode].
Jude that the estimation of a1 el can
hods, but in most cases only unk
eing studied

tions
ol fequIremen
choice of the tec
From the above discussion we cun
managed with several econometnc met
mast appropriate for the problem b
jetric technigue may not

icollinearity ) of the

he
would be, theoretically , the
However. the theoretically most appropriate econon
be zpplicable due to non-availability or to defects (e.z mult
relevant statistical data and other information. Thus it becomes necessary o
choose another less suitable technique, given the date limitauons. In
empirkcal research data-limitations restnct seriously the possibilities of employ-
ing the theoretically most suitable econometric technique and rende: inevitable
the use of 2 less appropriate method. [n this case one should interpret the resuits
~ the estimation taking into account the effects and poussible errors introduced
into the estimates by the use of the less appropriate echmaque.

For example the demand function for most goods should be estimated with 2
complete model which would take into account the whole working mechanism

of the market of this product. There should de included in this model 2
a price equation as well as other relevant

vl sl
fTitra

demand equation. 2 supply equation.

equations (tax functions) because it is common knowledge that in all markets

the quantities demanded. the quantities supplied. the price and the taxation
vors influencing and at the

one of these fac
he others. However. for simplicity.
demand models, sacrificing to a cert

i

3XINE D

policy are interdependent, each
same time being influenced by t
c1zns tend to use single-equation

the accuracy of the estimates in order to facilitate the estumation. £
account the interdependence of quanuty and price. however. 1t s obvious that
.;.m e<iimates will include some €rro7. which should be taken into account when
nterpreting the results of the calaculat

am exient

ons.

¢ the estimation of his model, the

After choosing the econometric technigue fo
ptions of this techmique and

econometrician should state explicitly the assum



e gﬂaaﬁyﬂ - Q\.ﬂnu?.l A

their pnphcations for the estimates ca_ the parameters. Stricy)y
nﬁﬂun ons relate (3) 10 the form of the distnbution of the tando,
the wM_E_s_u,_# () to the relationships among the explanatory Variables Ty,
ar:b..,”“_.,“a -oncerning the vanables of the model and not the _uml_n:_n..
”Mwam;f.w s apphed for the ...n:_su:_w: of the _:...van_. However, 1hey Euwﬁ
rEE.? staied 23 assumplions _.,;;_:.., ﬁn:._nimq Sr.,_.,:ﬁcn. In any case .mn e
expisct statement of these assumptions s a very important task; if these
aSmptOns 7€ wolated, either the a_m::.u.zm. .m; the parameters wil] be biased
o st will not be passible to assess their reliability, or both. On the basis of i
ssumptions of each method the econometrician determines the econometyic
e, which will be used for the evaluation of the results of the computation

(e wchon 1.3 helow),

Speaky
m . |

115 PYPERIMENTAL APPROACH® VERSUS "ORTHODOX APPROACH'

In apphving econometric methods for the estimation of economic models
wo appr naches have been developed, the *orthodox approach’ and the
expenmental approach’.
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Today most econometric research s attempted by the expenmental approach.
E xpennmentation with vanous models has been facilitated by the expansion of
the use of electronic computers. In following the expennmental approach one
s1arts with simple models containing a small number of equations and vanables.
These models are formulated on @ prion consderations, ke the models of the
srthodox approach, but they are not consudered as being ngad On the contrary,
they are modified gradually . on the basis of the statistical endence accruing
from the computations. The econometrnician starts from a umple model, which
on a priori grounds 1s believed to contain the most important factors of the
relationship being analysed. Then additional variables are added. and perhaps
the formulation is gven a more complex appearance (non-linear forms, etc.).

[n other words the econometrncian experiments with vanous theoretically
plausible models including vanious vanables and/or vanous mathematical
formulations.

The experimental approach combines the theoretical considerations (a priori
cntena) with the empirical observations available and is designed 1o extract the
maximum of information from the available data. As calculations are carned
out by adding other explanatory vanables in vanous combinations, or by adding
other equations, or by changing the mathematical form of the functions. or by
using alternative econometnc methods for the estimation of the modeis. the
econometrician is able to observe the effects of such changes in an attempt to
achieve the best model, the best explanation of the phenomenon being analvsed
Each tume a new variable (or any other change) 1s introduced because 1t 18
thought to improve the explanation of the phenomenon. three statistical effects
on the model will normally result,

(1) The new vanable (or change) will have some effect. mmor or maor. on
the systematic part of the relation_ In other words. the new vanable will or will
not be shown to explain a significant part of the vanation in the dependent
vanable,

(2) It will affect the r:on-systematic (residual) part of the relationship, for
example because of errors of measurement in this new vanable.

(3) It will have some minor or major effect upon the coefficients of the
vanables already included in the equation (model). We should notice that if an
Important variable is omitted. not only will the overall fit of the relation be
worse but the coefficients of the included vanables may well be distorted from
the values which would be obtained from a compiete analvsis In this case the
introduction of the new variable will ‘correct’ the value of the coefficients of
the other explanatory vanables. '

It 1s obvious from the above discussion that the expenmental approach to
cconometric analysis has more advantages in comparison to the orthodox
4pproach. In particular it renders possible a better use of the avalable data and
information. The experimentation may nvolve m dels with (2) vanous vanables,

: ! See R. Stone, "The Analyus of Market Demand’, Jowurnal of the Rovel Sratisncel
E-N-..f.. Great Britain 1945, val CVILL See also Chapeer 11 A
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This method is known as ‘mixed estimation’ and will be discussed in Chapter 17
It is the author’s belief that the ‘data mining’ problem is not important for econ
metrics. Statistical considerations may become highly restrictive for the purpose
of econometrics. Some ‘loose’ interpretation of statistical rules 1s at times essen-

tial if econometrics is to be helpful in testing economic theory and in measuring
economic relationships.

2.3. STAGE C. EVALUATION OF ESTIMATES

After the estimation of the model the econometrician must proceed with the
evaluation of the results of the calculations, that is with the determination of
the reliability of these results, The evaluation consists of deciding whether the
estimates of the parameters are theoretically meaningful and statistically satis-
factory. For this purpose we use various criteria which may be classitied into
three wSc?._\m:w:w, economic a priori criteria, which are determined by
economic theory. Secondly, statistical criteria, determined by statistical theory,
Thirdly, econometric criteria, determined by econometric theory.

2.3.1. ECONOMIC 4 PRIGRI’ CRITERIA

These are determined by the principles of economic theory and refer to the
sign and the size of the parameters of economic relationships,

As we have already mentioned, the coefficients of economic models are the
‘constants’ of economic theory: elasticities, marginal values, multipliers, pro-
pensities, etc. Econumic theory defines the signs of these coelficients and in
vBE lines their magnitude. In econometric jargon we say that economic theory
nposes restrictions on the signs and values of the parameters of economic
relationships.
,:E_.macww_wm%“nm_wmwwv QM_.EEW:E :é:&:.\ preference function of an EConomy.
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232, STATISTICAL CRITERIA: FIRST-ORDUR TESTS

These are determined by statistical theory and aim at the evaluation of the
statistical reliability of the estimates of the parameters of the model. The most
widely used statistical eriteria are the correlation coefficient and rhe standard
deviation (o1 standard extor) of the estimates. These criteria will be explained
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The importance of the statistical criteria in evaluating the results of the
estimates of the coefficients is further discussed in Chapter §.

. ECONOMETRIC CRITERIA: SECOND-ORDEFR TESTS

These are set by the theory of econometrics and aim at the investigation of
whether the assumptions of the econometric method employed are satisfied o1
not in any particular case. The econometric Criteria seIve as second-order tests
(as tests of the statistical tests): in other words they determine the reliability of
(he statistical criteria, and in paiticutar of the standard errors of the parameter
estimates. They help us establish whether the estimates have the desirable pro-
perties of unbiasedness, consistency, ete. (see Chapter 6).

If the assumptions of the econometric method applied by the investigator are
not satistied. either the estimates of the parameters cease (0 possess some vl thei
desitable properties (for example become biased) or the statistical cnitena lose
their validity and become unreliable for the determu ation of the signilicance
ol these estimates.

We said that the econometric criteria aim at the detection of the violation or
validity of the assumptions of the econometric method employed inam
particular application. The assumptions of the vanous cconometric techngues
differ and hence there are various cconometric eriteria for cach method. These
will be discussed in connection with the various techniques. Some examples may
illustiate the meaning of the econometric critena.

All econometric techniques listed in page 20 have the common assumplion
that the values of the random variable included in the model are not connected
one to the other. This is known as the assumption of non-autocorrelated random
disturbances (see Chapters 4 and 10). 1f this assumption is violated the standard
errors of the parameters are not a reliable criterion for the evaluation of the
statistical signiticance of the coefficients. To test the validity of the ¢
of non-autocorrelated disturbances, we may compute a statistic, known as the
‘Durbin—Watson & statistic’, from the names of the inventors (see Chapter 10).
The ‘& statistic is an econometric criterion used in the evaluation of the results
of the estimates,

Another example is the ‘test’ aiming at establishing the identification condt-
tions of a relationship. All econometric methods assume that the function to
which they are applied is identified, since otherwise the estimation of the
coefficients is meaningless. The application of the formal rules of ha&::_n:.a?
which will be developed in Chapter 15, consists of an econometric fest, aiming
at the detection of the fulfilment of one of the basic assumptions of all
cconometric techniques. )

From the above discussion it should be clear that the evaluation of the
results obtained from the estimation of the model, is a very complex procedure.
The econometrician must use all the above criteria, economic, statistical and
econometric, before he can accept of reject the estimates. P

When the assumptions of an econometric technique are not satisfied it is
customary to respecify the model (e.g. introduce new variables or omit some

ssumpuon
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1 1. GENERAL NOTES

There are various methods for measuring the relationships existing between
economic variables. The simplest are correlation analysis and regression anal sis
We shall start from correlation analysis, because, although it has serious limita
tions and throws little light on the nature of the relationship existing between
variables. it will make the student familiar with the correlation coefticient.
which is an essential statistic of regression analysis.

Correlation may be defined as the degree of relationship existing between
two or more variables. The degree of relationship existing between two variables
is called simple correlation. The degree of relationship connecting three or nore
variables 1s called multiple correlation. In this chapter we shall examine only
simple correlation, postponing the discussion on multiple correlation until a
later chapter, after the examination of regression analysis. (Actually the
multiple correlation coefficient cannot be interpreted without reference to the
multiple regression analysis.)

Correlation may be linear, when all points (X, ¥) on a scatter diagram seem
to cluster near a straight line, or nonlinear. when all points seem to lie near a
curve.

Two variables may have a positive correlation, a negative correlation. or
they may be uncorrelated. This holds both for linear and nonlineat correlation,

Positive correlation. Two variables are said to be positivelv correlated if 1 hey
tend to change together in the same direction, that is, if thev tend 1

(Q Increase
or decrease together. Such positive correlation is postulated bv ec
theory

onomwe
for the quantity of a commodity supplied and its price. When the
Price increases the quantity supplied increases, and conversely, when

the quantity supplied decreases. The scatter diagram of two variables positivel

correlated appears in figure 3.1, All points in the scatter diagram seem to lie
ﬂ}far a line or a curve with a positive slope. If all points lie on the lin
the corre]

; ] (OT cun \'C\
ation is said to be perfect posirive.
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r - i i i ‘ 5\ ' A
ﬁguea;es and when price falls demand mcreases. The scatter diagram appears in
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they tend to change with no connection (o cach other, The scatter diagram Wil
appear as in figure 3.3, The points are dispersed all over the surface of the XV
plane. Far example one should expeet zero correlation between the height ol
the inhabitants of u country and the production of steel, or between the weight
of students and the colour of their hair. ,
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Mhe sbove Tormulae of the correlation coeflnent have tad poants of m e rest

(1) The formulae are symmetin with respect to 1 and Y thal o Ay = My

(2) The tormulae are appiwable onby tor hneat elatronships. b ypresssons oy
nonhinear relationshaps will be developed i ....._r._ﬁ:.. n connectron wath
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33 NUMERICAL VALUES OF THE CORRELATION COERFICIENT

The correlation coefficient s a measure of the degree of covanabdity of the
..,:r-v_aw Xand Y. The values that the contelation coeffivent may assume vagy
__:__.: =L to +1 When s positive, Y and ¥ increase v devicase towethe
* = +Lmphes that there s perfect positive correlation between Y a

_x.-w_.:_::_.:_f._? all the observations on Y and X Ik on 4 straght hine wath a
pasitive slope (Higure 3.0).
When 7 s negative, X and ¥ mowve in opposite diectwons 102 | . there

CXIAls A perfect neganive correlation between X and ¥ Duagramumancally | all
the observations of Y and X he on a hine with 2 negative stope (Higure 3 7)
When 7 is zero, then the two vanables are uncorrelated
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We shall prove that the 7 will assume the value of unit i_.ﬁ: the two variables are perfectly
i finearly correlated, In this case all the observations will lie on a line with a positive o;
negative slope according Lo whether the correlation is positive or negative.

dl

Figure 3.8

h am:a 3.8 we picture the case of perfect positive correlation between X and Y. The line
depicting the relation forms an angle 8 with the parallel Y'Y to the horizontal axis. From
«_manaﬁh.w trigonometry it is known that tan @ = y/x. Therefore{(x) . (tan 8)}= (¥).
Substituting this result in the formula of the correlation coefficient we find

= Zxy N Zx(x). (tan 8)
VIx?Zyt /T % .HCC .(tan 3‘*»
(tan ) . (Zx?) (tan 8) (Xx*) |

r= = =
VIZ) (tana)? (Zx7)  ~Atan o) (2x°)

In Practice we almog

correlation [, Lnever observe either perfect correlation or zero
that E:MM. t Sually 7 assumes some value between zero and one. ,_.fm acmm_ﬁ
$toone, the greater is (he degree of covariability. that is the close

will the scatte . ater
rof po : . the gred
the scatter oganﬂm M:; 4pproach a straight line. On the other hand, the £

; n the dj : ;
We saig thatzs ff diagram, the closer 7 is to zero. coefficient

P AS 3 statists. '€ Smple estimate of the population correlation

tested sz_mwwm_\ M_c sate ris inevitably wcsmoﬁﬁ %u. some error and should ?M
9008, "PLILY. Tests of significance for r are explained in Chapters -
.m:kh___s

h{m. m:—uﬂaw@
w iables
¥ (quangyyy, Evuzmaw MM..M.S -OmPUte the correlation coefficient between the variable
(price) with the observations included in table 3.1-

Table 3.2 Dala for the estimation of the sample correlation coelficient ryx
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3,600
6.400
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300
320
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1,681
121
441

9

81
49
25

=51

41
—11
=21

o O w

10
20
50
40

500

121

-11

=]

+1

50

v

720
1,120
1,440
1,620
2,400

1

+19

12
14

16

60

80

90

196
156

57
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+3

145

841

25
49
81

1

X

+29
+29
+39

+5
+7
+9

8,100
14,400
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400

203

531

841
3481

18
20

0z

=1,540 XY =47,700

Ix?
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= 10,490
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The computaliong are shown in ahle 3.2 Substitating we find
(00 (85200 - (610} (110)

= — : e =0.975
T TsAm - 12000 iy @7,700) - 312000 2
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24 THE RANK CORRELATION COEFFICIENT

The furmulae of the linear correlation coefficient developed in the previous

1:..::: até based o the assumnption that the variables involved are quantitative
Hmnnmﬁmﬂ,ﬂtﬁz:% data for their measurement, However, in many cases
’ “* May e qualitative (ur hinary variables) and hence cannot be
qa&..,:mg‘w._HHM.:m__,...M.T: cxample, prafession, education, preferences for
Precise valies ”_m.wn_”a_\.._h,_uj_rimm::nm_ _..m:m_u_..u? I8 _::am::c_.n.. :W :E:u\.nsﬂhﬂ
calculate the .&:m_k“:n & May not be mcm__m_u_m, 50 __ﬂ:, it is impossible _._w 2
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The dilferences between the Two rankings is given in the

D | | P/ o (] | I ‘
' 1 | 4 | 1 4 I 1 4 | LD? = )4

2 |

) 6Ly 6024
P8 e i ] - -

Pr——— =0-K5%
nln® — 1)

10016 - 1)
Ihe high value of the rank correlation coelficient indica

ship between elass work and exan
d

ey Lhat there is a close relation
performance students with good recaord gl aver the year
owellin their e xaminations and vice versa.

Faanaple 2. A market rescarches asks 1wo smokeny 1o express the

= ir preference lor twelve
different brands of cigareites. Their replies are <

1awn in the following table

Hrands T . o Y
: " . G / 1.
of cigareias A A ¢ b k. I3 Moo K
Smoker 2 9 |0 4 e B 11 3 3§ 3 % R
Smaoker W 7 B3 10 12 2 % 5§ 4 ] 9

The differences of preferences of the two smokers are shoawn below

—

D 2 2 § 0 =2 =1 & =4 0 3 1 -3

D & a1 0 a4 071 16 09 1 9 Ip-s

The rank correlation coefficient

g 6LD* 5 6150y . 0-827
s a(n® - 1) )




