Lecture Note: EE 325-2/2015: Introductory Econometrics—page—124

121-145 Page 8




Page 5

Tuesday, March 29, 2016 9:04 AM

8.1.2 One-tail test:
Let us postulate that

Hy: 3,<0 ( QMEd VESATIVIELY  AFRFRCT RO ;ALA/Z\()
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8.2 Testing The Overall Significance of the Sample Regression

In the previous section, we test the significance of the estimated partial regression coeflicients
individually, that is under the separate hyvpothesis that each true population partial regres-
sion coeflicient was zero. But now we are interested in testing 55 , §3 and /3, are jointly or
simultaneously equal to zero. In other words, we would like to test the following hypothesis:

Hy Ba=0;3=0,=0
H* TLEA57 ONE TS Mo EQuAL 70 2600 ,

In order to reach this goal, we have td Te(lrn the tollowing test.

The Analysis of Variance Approach to Testing the Overall Significance of an

Observed Multiple Regression: The F-Test _— _
C OR JOWT TEST) OVERALL STSVFZMC/=
The joint hypothesis can be tested by the Analysis of Variance (ANOVA) which can be —
demonstrated as follows: TE S/
Table 20. ANOVA Table for the three-variable regression model ) = @__
0) ® =
Source of variation Sum of Squfu'r: df Mean Sum of Square
I\‘ISS
Due to regression (ESS) éV' = Pz é %2,%1 2 émz,y/ + E 59%" ;
’ > 2 Y”;l 1#[ z
si"
s (RSS £ Rs¢ . Zi
Due to residnals (RSS) LL,' (n-%) -2, n-2
— 2 = 2
TSS ZY; (M-1) b
-l

TSS = EYY + RYY
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UWER e ASSumerton oF nORmaz PISTRDUTTO,, OF W/

AVD  Ho 5 ﬁz =P =0 C somT TEST)) =R~

WE v compolt ) : /\// Chme R=3 )
Y zx,, :

F Egsf/of_g_ B (/0722%2/%/”/%2 %/?/)/{Z( Vl”/é)/f‘CT(/mV

NRVAT Zdi /(03 .

S—p TO (oMPUTE ZU;
™mrd F LS DUT(?W%OTIO/\/ WEE AmE 70
N
WHTEH  conse me

%0’112 So
ot = =3,

Decision Rule Given the k- variable regression model:

Yi =5+ o X + B3 Xai + o+ F X + us

To test the hypothesis

C sowT TET)

(i.e ., all slope coefficients are simultaneously zero) versus

H, Not_all slope coefficients are simultaneously zero

If = F, (k=1 n—£k), wereject H,: otherwise we cannot reject it, where F,(k—1,n—£k)
* is the critical F value at the o level of significance and (k-1) numerator df and (n-k) &V
denominator df.
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An important Relationship between [?* and F
1¢/
F - ESS /A-~1)
- 7

RK /(1 -#)
LET/’S MAVIDPULATE TUE ABOVE R

Fo- (&), EgY

B-1Y Rsd
= (V‘_;/_ﬁ) j:;ﬂ/ T¢<¢ = ESS +RSY

- T g/_,t/:qsi — /
(R-1) o |2 ESS 4 e
0 by . g mrore
- TSS 1:/22 _+R(/§/

f-)) TSy ~ESS T
LT% |1 —r= RgY
=bh-R) | r <

(fe-1) L— RT O@ 3
D s R=0 F=0
F = KZ/(ﬁ—JB fv g

() ™ LArdER ﬂ/lE/%zj

() ,(ez)/(w &) THE ¢REME  LacLE

oF F

@) N Vg LIML/')

wnEY R F TS VRV
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Table 21. ANOVA Table in Terms of %

Source of variation Sum of Square df Mean Sum of Square
SS MSS
Due to regression (ESS) RZ’ 246(? 97 RZ'Z‘&%/Z
2 2 2
2y 2y n-3 (1-R)Zy; /(v -
Due to residuals (RSS) (1-R7) =4 7 / 3)

TSS A glb

Given the k- variable regression model:

To test the hypothesis

Compute

F:

R?/(k—1)

denominator df.

(1-R?)/(n—k)

If I > F,(k—1,n—k), we reject H, ; otherwise we cannot reject it, where F,,(k—1,n—k)
is the critical F value at the o level of significance and (k-1) numerator df and (n-k)

Decision Rule Testing the overall significance of a regression in terms of R?
\—’

Y = B+ BoXoi + B3 X + ... + B X + wy

HU . _ﬁg = ,{?3 = ...= .Hk‘ = O

(i.e ., all slope coefficients are simultaneously zero) versus

H, Not all slope coefficients are simultaneously zero
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Lecture 19

8.3 The "Incremental” or ”Marginal” Contribution of an Explana-
tory Variable

Let consider the following regression:

Y = oy + a Xo; + u;

Having run the above regression, let us suppose we decide to add the additional variable,
Xz, to the model and obtain the multiple regression as follow:

Y= 01+ BaXoi + B3 Xai + uy

Comparing between these two regressions, we might need to answer the below questions:

[1]. What are the marginal, or incremental, contribution of Xj;, knowing that X5; is already /
in the model and that it is significantly related to Y;.

[2]. Ts the incremental contribution of Xy; statistically significant?

[3]. What is the criterion for adding variables to the model?

By contribution we mean whether the additional of the variable, X3;, to the model increases Tg/ < T Fq g/ + E S‘S{
l—"

ESS (and hence R?) "significantly” in relation to the RSS. This contribution is called the
incremental, or marginal contribution of an additional variable.

To assess the incremental contribution of X3 alter allowing for the contribution of X,, we form

FSY  WHRV WE VAE X, BX tw TV MoDE

_ Qo/df €55 Wty WE TAVE OV )0 T THE ey,
o= o a / yd

(ESSyew — ESSya)/number of new regressors
RS S, /df (=n-number of parameters in the new model)

RSY w TUE VEW ML/ [W/kﬂzx)ﬂ\ (Eq.16)

Under the normality assumption of u; and CLRM assumptions, this F value follows the F
distribution with 1 and n-number of parameters in the new model.
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Table 22. ANOVA Table To Assess Incremental Contribution of A Variable(s) @ 3 i Q/

A
Source of variation Qm of SquaD df Mean Sum of Square

SS MSS

ﬁf"‘z - [*]
ESS due to X, alone Q1 =dy" Y 13 1 =
ESS due to the addition of X Qo= ()3 — 1 9]—2 i
ESS due to both Xz, X3 Qs = > oy + B ey 2 92—‘

g 19 S PSS
RSS Qi=Qs— n-3 9 VEW
e T 4 i} 3 - n—3

TS5 o= =

As nsual method, we can re write Eq.16 in term of R? only. Thus the F ratio of Eq.16 is
equivalent to the following F ratio:

F = Rl(zlf:m - Ri[d;'}df
(l — R;zr.r:rr.‘);‘fdf

2 2 : R
(R%.., — 15,;) /number of new regressors

e

1 — R?,,/df (=n-number of parameters in the new model)

(Eq.17)

This F ratio follows the F distribution with 1 and n-number of parameters in the new model.
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Example

Consider the child mortality example. We considered the behavior of child mortality
(CM) in relation to per capita GNP (PGNP). There we found that PGNP has a nega-
tive impact on CM, as one would expect. Now let us bring in female literacy as measured
by the female literacy rate (FLR). A priori, we expect that FLR too will have a negative
impact on CM. Our sample consists of 64 countries.

In model 1, we regressed child mortality (CM) on per capita GNP (PGNP) and female
literacy rate (FLR).
A

N A
Model 1: P’ r,z rs

CM, = 263.6416 — 0.0056PGNP, — 2.2316F LR,

se = (11.5932) (0.0019) (0.2099) R* = 0.7077
(Eq.18)
Now we extend this model to model 2 by including total fertility rate (TFR):
Model 2: A o "\ >
. k [ [
CM,; = 168.3067 — 0.00555G'N P, — 1.7680F LR; + 12.8686T F'R;
se = (32.8916) (0.0018) (0.2480) (7) R*=0.7474
(Eq.19)

Questions

1.How would you choose between models 1 and 27 Which statistical test would you use
to answer this question? Show the necessary calculations.

2. We have not given the standard error of the coefficient of TFR. Can you find it out?
(Hint: Recall the relationship between the t and F distributions.
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MonE,

® F- (R = Ran ) /16 < (07474 _0.707)/ | = 9494
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8.4 Testing the Equality of Two Regression Coefficients

Suppose we have the following model:

Yi = 61+ 5o Xoi + 53 X5 + 84Xy + ... + B Xpi + u;

We would like to test the hypotheses:

Hy: fB3=p0y0r (B3—03)=0
_H1 . .‘33 7é ;'3’4 or (133 - ﬁ4) :/é 0

Under the classical assumptions, it can be shown that:

(B3 = B1) — (B3 — Ba)

se(fBy — B4)
where the t follows the t distribution with (n-k) df because the above equation is a k-variable
model, where k is the total number of parameters estimated, including the constant term.

A
=

The se(_ﬁg = 34) is calculated from the following formula:

se(_gg - _x'_ii) = \/ T;'(L‘f‘(,gg) + varf, — 2(:01:(,.-‘.’53., _3,1)
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Example

among other things, yvou were asked to consider the following demand function for
chicken:

,\ A
_ 3
InY, = 2.0328 +0.45151n Xy — 0.37721n X,
se = (0.1162) (0.0247) (0.0635) R* = 0.9801

(Eq.20)

where Y = per capita consumption of chicken, 1b, X5 = real disposable per capita in-
come, $, X3 = real retail price of chicken per lb.

Question
For the above demand function, how would you test the hypothesis that the income
elasticity is equal in value but opposite in sign to the price elasticity of demand? Show

the necessary calculations. [Note: (-m-{.fz._.w;;;] = —0.00142. and the sample data = 23
observations)

@ SET Hp 2 PZ- +/*,=O OrR /072: —f/ss
Hio /&Zﬁ/g+o OR /az,é -/@3
A

o

@ CmewrE T =0

N N
A

L (D - (pW
\/MV(ﬁ) A var(p,) =7 (01/[/];‘1//%;)

_ 0. + (“0¢97? ?Z)

J\?;E?)l f (0.0677\‘)2— 2 (- 0. 6olt2)

_ 0.4589

@ Fwo cREmAL tSTATKTC ty 23-3 —'faoz?’, 20 2.08¢

0.02C
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8.5 Restricted Least Squares: Testing Linear Equality Restriction

In economic theories, the coefficients in a regression model need to satisfy some linear equality
restrictions, For example, in microeconomics, consider the Cobb-Douglas production func-
tion:

_ CARYED R
Y; = 8 XPxXPe

where Y=output, X; = labor input, and X;=capital input. We can transform the above
equation to be the log form as:

Q
}'7;2 - /o A Y - LAROWR-OUTALT
InY; = By + By In Xoi + B5 In Xs; + 1, 7 AL FLASTICH
t

Jz? = %AY —  CAPTIH - aTPCT
%Ak Fus T#C17Y

where 3, = In 3

Now, if there are the constant returns to scale, economic theory would suggest t

which is an example of a linear equality restriction.
In order to test the above linear equalily Testriction, we can follow two approaches which are:

[1]. The t-test approach
[2]. The F-test approach: Restricted Least Squares.

First Approach: The t-Test
A test of the hypothesis or restriction can be conducted by the t-test:

(B2 + B3) — (B2 + Bs)
3'5'(.32 + 5.5)

where the t follows the t distribution with (n-k) df for a k-variable model, where k is the
total number of parameters estimated, including the constant term. In this case, df=n-3.

{ =

The 9(’(32 + 3) is calculated from the following formula:

se(fj? + 33,) = \/var(,:ﬁsg) + varﬁs + 200-1.'(32, ,-§3)
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Example
Consider the Cobb-Douglas production function to the Mexican economy (1955-1974:
n=20): A A
@ I k
InGDF, = —1.6524 + 0.3397In Labor, + 0.8460 In Capital,

t = (—=2.7259) (1.829 R* =0.9951 RSSpp=0.0136

(Eq.21)

where GDP = Real GDP, Millions of 1960 Employment, Thousands of

Question
As you can see, the output/labor elasticity is about (.34 the outpit/capital elastic- |4 4
ity is about 0.85. If we add these coefficients, we obtai{ 1.19) suggesting that perhaps + > [
the Mexican economy during the stated time period was experiencing increasing returns f) ’ /7’

to scale. However, we do not know if 1.19 is statistically different from T.

Therefore, we have to test this linear equality restriction. i = RETA ©FT=
(D SET Hg: T’L-}T‘z)"—l (CR#) ge

H, o Pﬁ/‘”i—/ ( wor ¢&S) ]
@ (ownre é\ﬁ 'E: (é_*ﬁ)— (/‘ﬂﬁ,) L. = REA Cora
- A
v CB,) +vor () B 20o(fy ) n 1
- (0.9397 ¢ 69uw) _ | 4@(/;@) - 018567
03511) L= 00735517

J ( 0.13567) (0.09% ¥+ (-
2,0499
() Fw ceane &G L‘OM?/ZO,} 2.0

a
@ o0t w/ cpcrrar T

Al

SV £ = 20499 ( Eeprmm =210

Mrv W= FALL 10 RETECT L et AT [ b~
Lecture Note: EE 325-2/2015: IntrmTuc:t:::ry g TTICE 37 ME miL POM/Y[S W P z 77 ) /
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O/o AK: %AL P ZA@

4
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Lecture 20

8.6 The F-Test Approach: Restricted Least Squares

From the Cobb-Douglas production funetion:
InY, = & +@1]1.\_-3. 11.\'_1. +

if there are the constant returns to seale, economic theory would suggest that

(E022) — N RESTRICED MODEY

5 LR RESTRECTECN/
we Are domve o TMPKE

We can rewrite it as:

or

Gy =1—

Using either of these equalities, we can eliminate one of the 3 coefficients, Therefore, we can

rewrite the Cobhb-Douglas production function as: % d DP /ZV] _}',( L( '
LET % SubsterurE B, = 1-f5, VIO E@.227, (-— — /770{'[35 t [
[ / L

5 L
BnYis byt (o) b, +/’73/gn)c,.) U

Bz ot b g Uy, -+ W
/Vl\(" - /YI K= Fo + /’75 [/y\ )(q”‘ __,&,‘Xu] + Wy

n(Yi/Xa) = G+ Bl X/ Xoi) + 0 e RESTRICTEHN MO,
(Eq.23)

where \].—_;—ulll put labor ratio

:“:' = capital labor ratio.

It should be noted that:
Eq.22 is known as unrestricted Least Squares (URLS)
Eq.23 is known as restricted Least Squares (RLS)
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We can compare the unrestricted and restricted least-squares regressions by applying the
F-test as follows:

2»—=RSS of the unrestricted regression Eq.22
% = RSS of the restricted regression Eq.23
m=number of linear restrictions ( in this example, we have 1 restriction )

k= number of parameters in the unrestricted regression
— e

n= number of observations

Then, we have

(RSSk — RSSyp) )m
RSSyr/(n X&)

Uk =Y Uig/m N Ty n g
Y Utr/(n—k)

F =

(Eq.24)
follows the F-distribution with m, (n-k) df.
We can also rewrite the F-test in terms of R? as follows:
F _ REJ'H - Ri’,/ m
(1 - ) /nck
(Eq.25)
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/7721,]'1'4’ = l,[?(} &/,/7

Example

Consider the Cobb-Douglas prodfiction function/to the Mexican economy(1955-1974:
n=20):

—_—

InGDP,
i

—1.6524 + 0.3397 In Labor, + 0.8460 In C'apital,

(—2.7259) (1.8295) [0.0625) R =0.9951 RSSur = 0.0136
(Eq.26)

where GDP = Real GDI, Millions of 1960 pesos, Labor = Emplovment, Thousands of
People, Clapital = Fixed Capital, Millions of 1960 pesos.

o papel o . ,
The restriction of constant/rétufif to scale, which gives the following regression:

In (G."mr:.h{;r'h
t

—0.4947 + 1.0153 In (Capital { Labor),
(—4.0612) (28.1056) R}, = 0.9777 RSSk = 0.0166
(Eq.27)

(@) SRT HYPOMESIS Hot [t Py =l
Hy Pﬁfﬂ“

A

A
@  (oMmwrE F g Fe (RSSp = RS ) /M

{2§4UE //’h-ﬁy

_ (o0.0%~ 0.0134)

l

O.o(gg/(zo ——3)

= 215
D Fp QRETCAL F ol
O Fo,og) (> 7

n .
@ COMARE 7 AMD Fiorrep o

A
Swee  F =k < Fomg s 44
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8.7 Testing for Structural or Parameter Stability of Regression
Models: The Chow Test (R STRUCTURAL TEST OR STABIcL7Y TEST

Sometime when we estimate the regression model, it may happen that there is a Structural
Change in the relationship between the regressand Y and the regressors X's, especially the
model involving time series data. The structural change may be due to the external forces
(i.e the financial crisis of 2007-2008) or due to policy changes ( such as the switch from a
fixed exchange rate system to a flexible exchange rate system in 1997).

The question is "How do we figure out that there is a structural change in our
sample data?”

To answer this question, consider the following example.

Table 8.1: Saving and Personal Disposable Income (Billions of Dollars

SAVINGS AND PERSONAL DISPOSABLE INCOME (BILLIONS OF DOLLARS), UNITED
STATES, 1970-1995

Observation Savings Income Observation Savings Income
1970 61.0 7271 1983 167.0 2522.4
1971 68.6 790.2 1984 235.7 2810.0
1972 63.6 855.3 1985 206.2 3002.0
1973 89.6 965.0 1986 196.5 3187.6
1974 97.6 1054.2 1987 168.4 3363.1
1975 104.4 1159.2 1988 189.1 3640.8
1976 96.4 1273.0 1989 187.8 3894.5
1977 92.5 1401.4 1990 208.7 4166.8
1978 112.6 1580.1 1991 246.4 4343.7
1979 130.1 1769.5 1992 272.6 4613.7
1980 161.8 1973.3 1993 2144 4790.2
1981 199.1 2200.2 1994 189.4 5021.7
1982 205.5 2347.3 1995 249.3 5320.8

Source: Economic Report of the President, 1997, Table B-28, p. 332.
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Based on the sample data, we found out that in 1982 the United State suffers its worst
peacetime regression. This event might disturb the relationship between savings and DPIL

To see this effect, we can divide our sample data into two time periods: 1970-1981 (Pre-1982
crisis) and 1982-1995 (Post-1982 crisis).

Therefore we have three possible regressions:

-
v

Time period 1970-1981: Y; = 3, + 5X; + uyt where ny = 12
Time period 1982-1995: Y, = 7 + 72X, + ust where ny, = 14
Time period 1970-1995: Y, = oy + a2 X; + u; where n = ny +ny, = 26 /

For our sample data, we can get the following results:

Time period 1970-1981:

Y, = 1.0161 +0.0803X,
t = (0.00873) (9.6015)

(Eq.28)
R?=09021 RSS, =1785.032 df =10 (m-RB)= |2-2 =10
Time period 1982-1995:
Y, = 153.4947 + 0.0148X,
t = (4.6922) (1.7707)
(Eq.29)
. (n-f)= 14-2 =1
R?=0.2071 RSS, —10,00522 df —12 (N-4&) =
Time period 1970-1995:
Y, = 62.1226 + 0.0376X,
t = (4.8017) (8.8937)
(Eq.30)

. 6-1272¢
R?=0.7672 RSSy=23,24830 df =24 (- t
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We can apply the Chow test to investigate the structural changes that may be caused by
differences in the intercept or the slope coetlicient or both.

The chow test assiines that:
[1] uys ~ N{0,0%) and uzy ~ N(0,0%)

[2] The two error terms uyy and uy are independently distributed.

Chow Test
~
Hy : There is no structural change in the model ( NO syRLCTURAL (wb-ﬂb)
H, : There is structural change in the model
Then, we need to construct the F-ratio:

(.H.SSH - I{-S‘SF'H).I";’J"

HS.S’{'H.,-"I(H[ T o — 2;:]

(Fq.31)

where the F ratio follows the F distribution with k and (ry +ny — 2k) df in the numerator
and denominator, respectively.

We do not reject the null hypothesis of parameter stability (i.e no structural change) if | DECISJoN
the computed F value does not exceed the critical value F value obtained from the F RULI=
table. =
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