2.1 Breusch-Pagan test (BP test)
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To perform the Breusch-Pagan Test in STATA New vaxt GLLD Nawve
STATA commands (in case

“+o0 er&(c{— .

. regress termgpa attend priCGPA final frosh sop!

‘0 WSZ
RP-test for

\~eterosk.

Source ss df MS Number of cbs = 680
F( S, €74) = 214.13

Model 226.077541 5 45.2155081 Prob > F = 0.0000
Residual 142 .31999%¢ 674 .211157264 R-squared = 0.6137
Adj R-squared = 0.6108

Total 368.397537 679 .542558964 Root MSE = .45952
termgpa Coef. Std. Err. t P>|t| [95% Conf. Intervall]
attend .046594 .0036082 12.91 0.000 .03%50393 .0536787
priGPA .5329%307 .0403281 13.21 0.000 .4537468 .6121146
final .0503137 .0040333 12 .47 0.000 .042399%92 .0582403
frosh .0974307 .0560211 1.74 0.082 -.0125662 .2074276
soph .0689273 .0467006 1.48 0.140 -.0227689 .1606236
_cons -1.361077 .1316861 -10.34 0.000 -1.619642 -1.102513

. QC(-@CQSHO/\ ‘Grs{-.

on —hon
to Zggchcj
“at weé
want to

Fv ediet L.



100 9. Heteroscedasticity Problem

. predict u_hat, residual
. generate u_hat_sgq = u_hat*2

. regress u_hat sgq attend priGPA final frosh soph

regress u_hat sgq attend priGPA final frosh soph

Scurce S8 df MS Number of cbs = 680
F( S, €74) = 14.54
Model 8.22606613 5 1.64521323 Procb > F = 0.0000
Residual 76.2624962 674 .113149104 R-squared = 0.097§>
2dj R-squared = 0.0307 *%* Ho
Total 84.4885623 679 .124430872 Root MSE = .33638 O—C
529,20 5=
u_hat_sq Coef. Std. Err. t P>|t| [95% Conf. Interval]
atten J -.0088079% .0026413 -3.33 0.001 -.013%9%41 -.0036218 =
PriGEA -.1454432 .0239521 -4.93 0.000 -.2034074 -.0874731 ﬁ—(—e?-
final6 .0061879 .0029529%9 2.10 0.036 .0003899% .01139859%9
£rosh -.107749%3 .0410085 -2.63 0.009% -.1882692 -.02722%4
soph -.0975658 .0341858 -2.85 0.004 -.1646892 -.0304423 N e ‘k Siﬁ
_cons .7368933 .09633968 7.64 0.000 .5476191 .9261674 \JO\(\ '
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Alternatively, you ca’r%e/ the following set of STATA )commands
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Y XI X], Xb x X}s
. regress termgpa attend priCGPA final frogh sop
Scurce Ss df MS Number of cbs = 680
F( 5, €74) = 214.13
Meodel 226.077541 5 45.2155081 Prob > F = 0.0000
Residual 142.31993%¢6 674 .211157264 R-squared = 0.6137
2dj R-squared = 0.6108
Total 368.397537 679 .542558964 Root MSE = .45952
termgpa Coef. Std. Err. t P>|t] [95% Conf. Intervall]
attend .046594 .0036082 .91 0.000 .03%5093 .0536787
priGPA .5329307 .0403281 .21 0.000 .4537468 .6121146
final .05031397 .0040339% .47 0.000 .0423992 .0582403
frosh .0974307 .0560211 .74 0.082 -.0125662 .2074276
soph .0689273 .0467006 .48 0.140 -.02276893 1606236
N *C_. _cons -1.361077 .1316861 .34 0.000 -1.619642 -1.102513
o [ /
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So, We are MWS’; Ho ot 5% lewd of significance
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\3 If the null hypothesis is rejected (we have the heteroskedasticity problem), we can use
Frm\ the ", robust" option in STATA. This option gives us the correct standard error, or
Ahis

"heteroskedasticity-robust standard error". We can now use the t-statistics in this case
Q}COLMF\Q Y

Std. exc.

we donrt rgjec-l- NRVDSQAOSHC"U F"’He‘"'
O

regress termgpa attend priCGPA final frosh soph, robust

Heip, *
frosw
"G Linear regression Number of cbs = 680
~ -
o "\d@/(‘ _ Obu + F( 5, &74) = 234.28
we W« o-Y 5 ‘(: Prob > F = 0.0000
0\- enl. P b\,\;(- WA Coe R-squared = 0.6137
. 4 Ram_M Exv Root ¥SE = .45952
. . .
re\eck .. Be o = O
) P4casha \
. Rebust L
l€ W'e (A%'e- termgpa Coef. Std. Err. t P>|t] [35% Conf. Interval]
noc \a’\ attend .046594 |.0044101 | 10.57 0.000 .0379348 .0552532
Nnovrnos . priGPA .5329307 [.0426426 | 12.50 0.000 .4492023 .616659
&OJ final .0503197 [ .0041066 | 12.25 0.000 .0422564 .058383
S*af\ frosh 0974307 | .0633543 1.54 0.125  -.0269648 .2218262
e\ tOY - soph .0689273 | .0520495 1.32 0.186  -.0332713 .1711259
_cons | -1.361077 | .1448208| -9.40 0.000  -1.645431 -1.076723
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2.2 The White Test ( B P

Similar to the Breush-Pagan test, but is stricter because it does not allow@to be
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2. Calculate 42 = [y; — (30 + lel + 32332 + ...+ Bkl’k)]Q

3. Calculate §; = (8, + By21 + 52902 + o Pn)
4. Calculate §? 1 / &/{\‘fO\.’h\r‘L OC '7(
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3 Remedial measures

As mentioned before, there are 2 types of remedies — passive and active.

e The passive remedies just re-calculate the std.err. or 3 using the heteroskedasticity-
robust standard error formula(s).

e The active remedies include the "weighted least squares (WLS) estimators", "gen-

eralized least squares (GLS) estimators", or "feasible GLS estimator".

o Tunchon
3.1 Weighted Least Squares (WLS) bd‘f\\Ch QXP\QLAS
We assume that the heteroskedasticity may take the pattern ~NA—\
2
ewos.
\J(l(‘( u.\ Xl)‘/\,_,“‘)(lc) =6 L\(Xi)‘(z»«)(lk) " e
L 'Il)o& n,
X« Vecta of X
From
+,0
~A—
Var(ulx) = E(U?!X}L— [ (uif))*
= E( Wi l %)
We get

Vae(uid) = E(UE (%) = s i

ELSIX) - g°

h; (X)
E(_k_xi x) e
hi

El/w\ L s
((Tf) «)
Tharefoe, even +thoygh Vasr(Wilk) 8 vt constant,

Q‘D He vadon®@ of U I8 & constant 7Y
Iy
To make the error term become homoskedastic, we weight every term by v/A;.

Y, = _E\"‘?O(u “‘?xz\f-,* e Xei + U

————o

i i Jhi (“: i

&

Y, = PoXoi"" Fx“ F‘Xﬁ too ]a D TWE

whese N vi )(, 1 Xu Xt , ete.
e h °




AN

eghmaﬁn% (1) wowld give unbiased Povs

ord  wadd o Ceguive \r\dexoskedasi\'cf‘lgwohiﬁ

St etr.  bocaute Vac( &I = °
mAQSﬁd‘FgV



104 9. Heteroscedasticity Problem

How do we find h; or +/h;, the heteroskedasticity function?

1. If the heteroskedasticity is "known" to be caused by a multiplicative constant, we
can adjust usfg&j%;?@gﬁant SoV: = ?a —+ B AY R IV &
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2. If the heteroskedasticity pattern is not known, we can estimate it. This procedur wQ
is called "Feasible Generalized Least Squares" (also called Feasible GLS or FGLS) f

: 1Y T2
5.2 Feasible GLS (ot Covered. i Hhis ( mc‘l X) ( (_t[,&t_\& )\wj)

class.)

V\Ioo\o(riotoa,e_ Ch.g Fa«’r &b -6

Since Var(B ;) would not be unbiased, we can make valid inferences about 3;, e.g. can
use t-test, F-test, etc.



