put as we shall Show in the ey
data with a large number of J W
ificant (i.e,, different from zerg), 2 v Il
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alues deveboped by the Econamig i
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—

e to be a disa
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0.1092 seems low. This might
such low R values are frequently E-‘I’Kutlllﬂ.
Besides, even an apparently low R value €
show in the next chapter.
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*7.11 Partial Correlation Coefficients

Partial Correlatio
. e a measure of the degree of linear
~ - Ty -orrelation ras a m :

n Chapter 3 we introduced the coefficient of correl g ihgncs ite three correlation .
i:*lu'f:la:r::;ﬁr ;i -.h!.;u F:wr the three-variable regression !‘1@‘_1“,,._..1:"'-‘;1’:‘1:::'3 X3). and r, y (correlation W
r2 (correlation between ¥ and X;), ry 3 (correlation ._-1»#;||";'1:f'l:::1::""|' rf.'Frlfl.‘scm Y for notational cg

. : ' that we are letting the sub! ;
cient between X; and X;): notice that we are Ie(ing /¢ rrelation coefficients, or correlation coefy s

. . ot ante nre called Bross imple co
These correlation coefficients are called gross or s s - ati : 11y
These corre RN he computed by the definition of correlation coefficient &
cients of zero order. These coefficients can be puted Eiven

Eq. (3.5.13). bk )

Lt]F!ul now consider this question: Does, say. ry; in I‘aL‘.I rn;:usl:lrt WS dig_lr_Tf 2 [ll,r"w’.l Gssociation
between ¥ and X, when a third variable X; may be associated “”!h both of them" : 1$ question IS analogoe _
to the I'nllmving-quc.ilinn: Suppose the true regression model is {?.l.l,’l .hul we mm!.t'rnn.i the model the |
variable X and simply regress ¥ on X, obtaining the slope coefficient of, $5ys {’l:- Will this coefficient be
cqual to the true coefficient B, if the model (7.1.1) were estimated to begin with? The answer should be
apparent from our discussion in Section 7.7. In general, ry, is not likely 1o reflect the true degree of associ.
ation between ¥ and X, in the presence of X;. As a matter of fact, it is likely to give a false impression of the
nature of association between ¥ and X;, as will be shown shortly. Therefore, what we need is a comelation
coefficient that is independent of the influence, if any, of X, on X, and Y. Such a correlation coefficient canbe
obtained and is known appropriately as the partial correlation coefficient. Conceptually, it is similar to the

partial regression coefficient. We define

= ryz3=partial correlation coefficient between ¥ and X, holding X, constant
- i3z = partial correlation coefficient between Y and X, holding X; constant
ryy1 = partial correlation coefficient between X, and X5, holding ¥ constant

These partial correlations can be easily obtained from the simple or zero-order, correlation coefficients &
follows (for proofs, see the exercises): ' cien

ot whaalinis iy _-
Fla3= —— 22 s

(1=rf)(1=13) o

—3 _Fiahay .
(=) (=13 :

1= ~—-—r§i:r_'2_"|l___

(1 =) (1 =rh)

n Coefficients
Explanation of Simple and

flaa =

*Optional.

""Most computer programs for multiple regression
partial correlation coefficients can be m'.?i,, mmw foutinely compute the simple correlation ct
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additional explanatory variable is introduced into the model, which can be

117

» partial correls % . = is
The parfin’ CTRIAtONS given in Egs. (700 1 o471 1.3 ire ealled first-order correlathon conflicien

By onder we mean the number of secondary subscripts, Thus ¢ would be the comelation coeffio gt o
pruer two, ! s Would e 'J'""'”“’l-'““”\“'.'”Ith:lll of order ll‘m'r. l.llln:l 0 on, As noted previously, iz
and o o0 are called simple or z¢m order correlutions, The interpretation of, say, g I that 31 B G
goefficient of correlation between ¥ and x holding X, and X; constant
Interpretation of Simple and Partial Correlation Coefficients
In the two variable case, the "'||'|'I|1|l.' r had a ':H.thllliluw.n.l meaning: It mea dired the degret ol [hin _I |I
;n‘ﬁl-l[lt‘?“-”]d not causation) between the d:‘]'l[‘lllh'm varlnble ¥ and the singh eaplanatory variahle F,I.
once we g0 beyond the two-variable case, we need 1o pay careful atention to the interpretation of the Sampy
correlation coeflicient. From Eq. (7.11.1), for example, we observe the following

. Even it ri=0,r, , will not be zero unless r. y OF ry 4 Of both are zeto

M ra= 0 and i3 and 21 AN nonrero and .LllL ol [hlf SAME SIEN, Fis g will be negative, whereas “, e
are of the opposite signs, it will be positive. An example will make this point clear. Lel ¥ = crop ¥I€ i
= rainfall, and X; = lemperature. Assume ry 2 =0, that is, no associntion between crop yield and rainfall

rea, 4 3 H SILVE Tl
Assume further that Fy 3 15 posilive and r 315 negative, Then, as Eq. (7.11.1) shows, r; - 4 W ill be positive w

is, holding temperature constant, there is a positive association between yield and rainfall. This seeminigty
paradoxical result, however, is not surprising. Since temperature X, affects both yield ¥ and rainfall L
order to find oul the net relationship between crop yvield and rainfall, we need to remove the influence of the
“nuisance” vanable iemperature, This example shows how one might be misled by the simple ct wfhicient o
comelation

3. The terms ry 5 3 and ry, (and similar comparisons) need not have the same sign

4. In the two-variable case we have seen that ~ lies between 0 and 1. The same property holds true of
the squared partial correlation coefficients, Using this fact, the reader should verify that one can obtain the
following expression from Eq. (7.11.1);

. ,
0=< rf: +ryy +ryy = 2rparjaras < | (7.11.4)

which gives the interrelationships among the three zero-order correlation coefficients. Similar expressions
can be derived from Eqgs. (7.11.2) and (7.11.3).
5. Suppose that ryy= ryy = 0. Does this mean that r\ , is also zero? The answer is obvious from Eq.(7.11.4)
The fact that ¥ and X; and X5 and X; are uncorrelated does not mean that ¥ and X, are uncorrelated
In passing, note that the expression ri, , may be called the coefficient of partial determination and may
be interpreted as the proportion of the variation in ¥ not explained by the variable X, that has been L'.".pluinc;l
by the inclusion of X; into the model (see Exercise 7.5). Conceptually it is similar to B2,
Before moving on, note the following relationships between R, simple correlation coe fficients, and partial
correlation coefficients:
2 _ Fia iy = 2rarians

R =

i (7.11.5)
R=ri+ (1 =riy)ris, (7.11.6)
Rl=rf,+{1—rf;)rf:\ (7.11.7)

In cuchuding this section, consider the fnll-.l\'-'ing: It was stuted Pl'c\'_iuusl

¥ that B will noy decrease if 4y
seen clearly from Eq. (7.11.6)
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y explained by X, and X, jointly iy fhe Ml g

on of the variation 11 by Xa( .F 'j:lllfnh

I'his equation states that the proporti 1Y and iR

part not L‘~.|i|.i||||;+r

two parts: the part explained by X, alone (= Fj; fuence of Xy constun Now R* > vl 4o long
proportion that is explained by Xy after holding rh}:::n =
Fisz > 0. At worst, ri, , will be zero, in which case & i3
I —
11 v Summary and Conclusions
: e RN T _7_‘—-—-—-_.__“_

wsible multiple linear regression model, namely, the threy.
LA

I This chapter introduced the simplest p to linearity in the Parametery g

: e mear relers
variable regression model. Tt is understood that the teem fine

nol necessarily in the variahles L -
i any wiys an extension of the two-variab)
2 Although a three-variable regression model is in many ways an ¢ xter le Mt.

there are some new concepls involved, such as partial regression 1'r1rj.f_!|‘lr'u:alr:-, '.Jllr.f””f.r_ f"""'!"ﬂlh'f
aefficienis, multiple correlation coefficient, adjusted and unadjusted (for degrees rrf_,rrrﬂ.!nm} L

ilticollinearity, and specification bias, 4

3. This chapter also considered the functional form of the multiple regression model, such as the Cobj.

Deuglas production function and the polynomial regression model. , :

4. Although £ and adjusted 8 are overall measures of how the chosen model fits a given set of data, theiy
impontance should not be overplayed. What is critical is the underlying theoretical expectations shoy
the model in terms of a priori signs of the coefficients of the variables entering the model and, ps ity
shown in the following chapter, their statistical significance.

The results presented in this chapter can be easily generalized to a multiple linear regression model
involving any number of regressors. But the algebra becomes very tedious. This tedium can be avoided
by resorting to matrix algebra. For the interested reader. the extension to the k-variable regression
model using mutrix algebra is presented in Appendix C, which is optional. But the general reader can

read the remainder of the text without knowing much of matrix algebra.

A

Multiple Choice Questions

I The simplest possible multiple regression model is i
. One variable model
b, Two variable model
¢, Three vanable model
d. Multi-varinble model
2. Multiple linear regression models
a. are linear in parameter and linear in variables
b, are linear in parameter and may not be |

| ; inear in variahles
¢, may not be linear in parameter but are |j

Near in varigh]eg

d. may not be linear in parameter and virriables
3. ¥ =B Xy + BaXo; + BXs, + u, where X,

@, Three variable model

b, X variable model

. Four variable model

d. Three beta model .

=1 forall i, This i« an example of
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