Journal of the Korean Statistical Society (2000), 29: 1, pp 63-80

Alternative Tests for the Nested Error
Component Regression Model f

Seuck Heun Song' and Byoung Cheol Jung?

ABSTRACT

We consider the panel data regression model with nested error compo-
nents. In this paper, the several Lagrange Multiplier tests for the nested
error component model are derived. These tests extend the earlier work of
Honda(1985), Moulton and Randolph({1989), Baltagi, et al.(1992) and King
and Wu(1997) to the nested error component case. Monte Carlo experiments
are conducted to study the performance of these LM tests.
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1. INTRODUCTION

In the error components regression model, most researcher have been pro-
vided the Lagrange Multiplier(LM) tests for tesing the existence of the various
error components(Baltagi et al.(1992), Baltagi and Li(1991, 1995) and Jung, et
al.(1999)). The LM (or Rao-Score) test is based on the estimation of the model
under the null hypothesis and in most cases its computation requires only ordi-
nary least squares residuals.

This paper considers the panel data regression model in which the economic
data has a natural nested grouping. For example, data on firms may be grouped
by industry, data on states by region and data on individuals by profession. In
this case, one can control for unobserved group and nested subgroup effects using
a nested error component model(see Baltagi(1993)).

Recently, Jung, et al.(1999) derived a LM test which jointly tests for the
presence of random group and nested subgroup effects. In this paper, we derive a
new one-sided version of these tests given that these variance components are non-
negative. This extends the Honda(1985) test to the nested case. We also consider
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the standardized version of these LM tests, denoted by SLM. This extends the
results of Moulton and Randolph(1989) to the nested case. When one uses the
one-directional LM test of the existence of nested subgroup effects, one implicitly
assumes that the group effects do not exist. In this case, the resulting test may
lead to incorrect decisions(see Baltagi et al.(1992)). To overcome this problem.
we propose a conditional LM test for the existence of nested subgroup effects
assuming the presence of random group effects. This guards against misleading
inference caused by a LM test that ignores the presence of random industry
effects, when in fact they are present.

Further, We investigate the performance of these proposed LM tests using
Monte Carlo experiments and exact power comparisons. Other tests included in
this comparison are the likelihood ratio(LR) tests, and the F tests used in an
ANOVA framework.

Section 2 gives the nested error component model and the hypotheses to be
tested. Section 3 derives the various LM tests. The proofs are relegated to the
Appendices. Section 4 compares the performance of these LM tests using Monte
Carlo experiments. Section 5 gives a conclusion.

2. THE MODEL

We consider the following panel data regression model
Yijt :‘—:L‘;»J-tﬁ—}—’u,'ﬁ, i=1,---,M, j=1,-- ,Nandt=1,---,T, (2.1)
where y;;; be an observation on a dependent variable for the jth nested subgroup
within the ith group(for example, jth firm in the ith industry) for the tth time
period. z;; denotes of k nonstochastic regressor vector. The disturbances term
uij¢ in (2.1) are assumed that
Uije = fi + Vij + €, t=1,--- M, 5=1,--- N and t=1,.-- T, (2.2)
where p; denote ith group specific effects which are assumed to be i.7.d. (0, aﬁ),
v;; denote the nested subgroup effects within the ith group which are 4.7.d. (0, ¢2)
and ¢, are the remainder disturbances which are also assumed to be .i.d. (0, a?).
The p;’s, v;;’s and €;j’s are independent of each other and among themselves.
This is a panel data regression model with nested error components. The
model (2.1) can be rewritten in a matrix notation as
y=XB+u, (2.3)
where y is a MNT x 1 observation vector, X is a MNT X k design matrix, 3 is
a k x 1 parameter vector, and u is a M NT x 1 disturbance vector. Both NV and
T are assumed to be larger than k. The equation (2.2) is in vector form:
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v ={Iy@inDiT)p+ I QIN@iT)v +¢, (2.4)
Where ,u'/ = (,ula"' 7/1*]\/[)»’/, = (l/lla """ 71/]\/1]\/)»8, = (Ellla”' y 11Ty 1€M1VT)~

in and i are vectors of ones of dimension N and T, respectively. Iy; and Iy are
identity matrices of dimension M and N, and ® denotes the Kronecker product.

The hypotheses under considerations are the following :
a) Hy : o} = o2 = 0, and the alternative H{ is that at least one component is
greater than zero.
b) Hf : 0} =0, and the one-sided alternative is H} : 02 > 0 (assuming o2 = 0).
¢) Hi: o2 =0, and the one-sided alternative is H{ : 02 > 0 (assuming o = 0).
d) H : 02 =0 (assuming o2 > 0), and the one-sided alternative is H? : 62 > 0
(assuming o7 > 0).

Three classes of tests are considered :
(1) LM tests : the LM tests are simple to apply and which were popularized in
econometrics and statistics by Godfrey(1989).
(2) ANOVA F tests : the ANOVA F tests used to test the significant of the fixed
effects and which were recently considered by Moulton and Randolph({1989) and
Baltagi et al.(1992).
(3) LR tests : the likelihood ratio tests are computationally more expensive than
the LM tests, but under the proper specification of the likelihood which are known
to have desirable properties.

In the following section, we discuss each of these test statistics for the null
hypothesis considered.

3. TEST STATISTICS

3.1. LM Tests

(1) Testing H§

The joint LM test statistic for testing H§ vs HY{ is given by
MN NT -1
LM = —— (A2 — 2AB —————B2), .
M= oN T 31

W {(Iy @ JIN @ J7)d @' (I @ In @ Jr)t

where A = — -1, B = — -1, 2 is OLS
w'u W'

residuals, and Jy and Jr are matrices of ones of dimension N and T. See
the derivation of (3.1) in Jung, et al.(1999). Under H§, LM, is asymptotically

distributed as x2?(2). One weakness of the joint test is that, if HS is rejected,

2
m

from zero. Also, this joint test will not be optimal if only one of the variance

one cannot infer without further testing whether o2 or o2 or both are different
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components is actually zero. This is the problem of overtesting discussed in Bera
and Jarque (1982).

The presence of the interaction term in joint LM test statistic (3.1) emphasizes
the importance of joint test, but when N is large the interaction term becomes
negligible(Jung, et al.(1999)). Therefore, for the joint test Hg, the 'handy’ one-
sided test suggested by Honda(1985) is extended as

MNT MNT
HO:(\/——Q(NT—l)A+\/h2(T—1) B)/V?2 (3.2)
which is asymptotically distributed as N(0,1).

Furthermore, the locally mean most powerful(LMMP) one-sided test sug-
gested by King and Wu(1997) and derived for the model (2.3) is given by

MNT
KW = A+ B |
s(NT+3r—ay AT B) (33)

see the derivation in appendix 2.

Note that A or B can be negative when one or both variance components
are small and close to zero. For the purpose of immune to the negative values
of A and B, Gourieroux, Holly, and Monfort(1982) proposed the mixed Y? test,
hereafter GHM, and Baltagi, et al.(1992) extended the GHM test to the one-sided
Joint test for the two-way error component. Applying to the GHM test in our
model, we get the following test :

A*+B? if A>0, B>0,
2 A? if A>0, B<O,
Xm = B* i A<0, B>0,
0 if A<0, B<O,
where 2, denote the mixed y? distribution. Under the null hypothesis of H.
o~ G0+ G+ (2, (3.5)
where x%(0) equals zero with probability one, see Gourieroux, et al.(1982).

(3.4)

(ii) Testing HY and Testing H
From the appendix 1, it can be shown that the A2 term is the basis for the
LM test statistic for testing HS vs HY. In fact,

LM =4 z(zjgﬁi) 4 (36
is asymptotically distributed (for large M) as N(0,1) under HY, see Jung, et
al.(1999). Also the B? is the basis for the LM test statistic for H§ vs H¢ assuming
there are no group effect. Similar derivation to equation (3.6), the one-sided LM

test statistic for H§ vs H{ is
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LMy = ,/_——2?;]‘1 5 (3.7)
which is asymptotically distributed(for large M N) as N(0,1).

Moulton and Randolph(1989) showed that the asymptotic N (0, 1) approxi-
mation for testing the individual effect in one-way error component model can
be poor even in large samples. This occurs when the number of regressors is
large or intra-class correlation is high, see Moulton and Randolph(1989). They
suggest an alternative Standardized LM (SLM) test which centers and scales the
one-sided LM test so that its mean is zero and its variance is one. The SLM
procedure extends to our model for testing HS and HS. For the HJ : ol =0, it

can be shown that the SLJ%V’IWStatiE’tiE v y Eid
SLM, = == 2_ (LM;) _ da — B{dy)

var(LM;) © Jvar(dy)
where dy = ' Dyu/u'u and Dy = (Ips @ Jy @ Jr). Using the results on moments
of quadratic forms in regression residuals, we get
E(dy) = tr(Dz(Imn1 — Px))/s, (3.9)
where s = MNT — k, Px = X(X'X)™' X’ and
2{U‘[(Dz(IMNT — Px))*s = [tr(Do(ImNT ~ PX))}Z}
1
s%(s+ 2) (3.10)
see Evans and King(1985). Also, for the HS : 02 = 0, the SLM statistic can be
LM;— E(LM dy — E(d
SLM, = =22 (LMs) _ ds — Elda)) (3.11)
var(LMj) var(ds)
where d3 = @' D3u/u'u and D3z = (Ing @ In @ Jr). Under the null hypothesis,
SLM; and SLM, are asymptotically distributed as N(0, 1), see Moulton and
Randolph(1989).

(3.8)

Var(dy) =

(iii) Testing HZ
When one use B to test the zero nested subgroup effects, one assumes that
the group effects do not exist. When the group effects exist, this may lead to
the incorrect decisions. To overcome this problem, we propose the following
test which tests the nested subgroup effects assuming that the group effects are
present. The corresponding test (for testing HZ vs HY) is derived as follow, see
appendix 3,
L, \/M - 1) (NT — 1) (NT ~ 1y © Bx® J1)i 1), 51
- 1) N -1 w(Ir @ En7)u
where En1 = InT — JNT, Jnt = JNy7/NT, and Jy7 is the matrix of ones of
dimension NT, and @ denote the restricted GLS residuals using the maximum
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likelihood estimate. Under the null hypothesis, the LM, is also asymptotically
distributed as N(0,1).

3.2. F tests

Moulton and Randolph(1989) found that the ANOVA F test which tests the
significance of the fixed effects for the one-way error component model. Later,
Baltagi, et al.(1992) extends their work to the two-way error component model.
In these paper, the ANOVA F tests performs well comparing to the LR and LM
tests. In our model, the idea of ANOVA F tests extendet to the nested error
components model, and we will compare the performance of ANOVA F test with
that of the LM and LR tests.

The ANOVA F test statistics have the following general form :
P (RRSS — URSS)/(df2 — df1)

N
URSS/df1 (3.13)
where RRSS and URSS are the restricted and unrestricted residual sums of

squares, respectively, and df1 and df2 are the degree of freedoms of RRSS and
URSS, respectively. Under the null hypothesis, this statistic has a central F
distribution with (df2 — df1) and df1 degrees of freedom. Table 1 defines the
respective components of F for each hypothesis considered.

Tablel. ANOVA F test statistics

Hy URSS RRSS df1 df2
H§ u' Uy %Z,OLSHOLS MN(T-1)-1 MNT-2
HY by Uppqlions — M(NT-1)-1 MNT-2

HS s 1yyqiiors MNT-M(N-1)-2  MNT-2

HS @ U ia MN(T-1)-1  M(NT-1)-1

where Zpops is the familiar OLS residual vector and u, is the residual vector
from the regression of y;;; — yi; on Xy — X,-];, where §;;, = >, vi;/T and
X'l-]; =3, Xi;t/T. Also, uy is the residual vector from the regression of y;;; — ;..
on X,;; — X, , where g; = > Yot Yije/NT and X; = Z]- > Xijt/NT, and u3 is
the residual vector from the regression of (y;;t — U;j. + ¥i..) on (X — X5 + X, ).
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3.3. Likelihood Ratio Tests

The one-sided LR tests have the following form :

B [(res) ’
LR = *QlOgl(unres)’ (3.14)

where [(res) and [(unres) denote the restricted and unrestricted maximum like-
lihood value, respectively. The LR tests require ML estimators of the one-way
and nested effect models, therefore, they are comparatively more expensive than
their LM counterparts. Under the null hypothesis, the LR test statistics have
the same asymptotic properties as their LM counterparts, see Gourieroux, et
al.(1982). More specifically, for Hg, LR ~ £x2(0) + 5x*(1) + $x%(2), and for HY.
HE, and HY, LR ~ 1x2(0) + 1x2(1).

4. MONTE CARLO RESULTS

The model is set as follows :

Yijt = a+1‘iﬂﬂ+uiﬁ, i=1---M, j=1,--- N, t=1,---,T. (4.1)
where o = 5 and 3 = 0.5. z;j; was generated by a similar method to that of
Nerlove(1971). In fact, z;;; = 0.1t 4 0.52;5,—1 + w;j, where w;; is uniformly
distributed on the interval [-0.5.0.5]. The initial values z,;0 was chosen as
(100+4-250w;jo. For the disturbances, u;;e = p; +vy5 +£,5¢ with g, ~ i.0.d.N (0, (Tﬁ).
vi; ~ i.4.d.N(0,02) and g5, ~ 1.i.d.N(0,02). Wefix 0° = 0}+02+0? = 20 and let
v = 05/02 and v = 0%/0? were varied over the set (0,0.05,0.1,0.2,0.4,0.6,0.8)
such that (1 — ) — 77) is always positive. For the sample size combinations,
M = 5 and 10 were used, and for each M, the following (N,T) are used :
(N, T) = (5,5)(10,5)(20,5)(5,10)(10,10)(20,10)(5,20)(10,20). For all combi-
nation of (M, N,T), and v, and 7,, 1000 replications are performs. For each
replications, we calculate the following test statistics for H§ : LM, fest, HO test,
KW test, GHM test, LR test, and F test, and for Hg and HS : LMy test, LMy
test, SLM; test, SLM, test, LR test, and F test, and for H(‘f : LM, test, LR test,
and F test.

4.1. Testing HS : 02 =0 and 0% =0

u

Table 2 gives the number of rejections in 1000 replications for the various
tests employed for HS : 02 = 0 and o) = 0 when (M, N,T)=(5, 5, 5), (10,
5, 5), (5, 10, 10). (Similar tables for other combinations of (M, N,T) are not

produced here to save space. These results are available upon request from the
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authors.) All the tests considered except for the LR test have estimated size that
are not significantly different from the nominal size. The LR test significantly
underestimate the nominal size for all considered (M, N, T) combinations. ad it
is not recommended.

The power of all the tests increase as M, N and T increase, or ¥, and ~,
increase. Compared to the HO test and the GHM test, the two-sided LM, test
has lower rejection number. The power of the ANOVA F test is higher than the
other tests considered when v, = 0, also the KW test has high power rejecting
the null hypothésis when 7, = 0. But when v, > 0.05 or v > 0.05, the HO and
the GHM test has the higher power.

Therefore, the HO and GHM test are recommended in joint test for testing
Hg : 02 = 02 = 0 for the nested error components model.

-0y

4.2. Testing Hf: 02 =0 and Testing Hf: 0l =0

Table 3 gives the number of rejections for the various tests employed for
HY @ 02 = 0 when (M,N,T) = (5,5,5),(10,5,5),(5,10,10). When H{ is true
(y1 = 0) and 7, is large, all the tests badly overrejects the null hypothesis since
they ignore the fact that o2 > 0. This is because all the tests considered do not
take into account the fact o2 > 0 and implicitly assume that o2 = 0.

When (TZ is existent(y, > 0.05), all the tests perform well in rejecting the null
hypothesis, and the power of all the tests increase as 7 increases.

Similarly, Table 4 gives the results of testing HS : 02 = 0 when (M. N.T) =
(5,5,5), (10,5,5), (5,10,10). When H§ is true (y2 = 0) and 7 is large, all the
tests perform badly since they ignore the fact that aﬁ > 0. In fact, HO, SLM
and LR test badly overrejects the null while the ANOVA F underestimate the
nominal size. The overrejction of the HO, SLM and LR test may caused by
Z = (. However, the underestimation of the
ANOVA F test is caused by primary group effect is transferred to the nested

similar reason for testing HY : o
subgroup.

4.3. Testing H : 02 =0 (given o/, > 0)

Table 5 gives the results of testing HE : 02 = 0 (assuming ¢, > 0). The
estimated size is not significantly different from the nominal size for all tests con-
sidered. For v > 0.2, all the tests have high power rejecting the null hypothesis
in 70.8 % to 100 % of the cases when (M,N,T) = (5,5,5) and the power of

all the test increase as M, N and T increase. For 0 < 7, < 0.2, we first con-
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sider the case that v, > 0. In table 5, as moved from the top block(y, = 0) to
the bottom block(y; = 0.8), the power of all the tests improves as v; increases.
Next, we consider the case that v = 0. The first block corresponds to the case
ol = 0(y1 = 0). Comparing this block with the first block of Table 4, we see that
the power of tests in Hg does not largely deteriorates to compare with the power
of tests for testing H§ even though 03 = 0. Hence overspecifying the model, i.e..
assuming the model is nested(aﬁ > 0) when in fact it is one-way(o? = 0) does
not seem to hurt the power of these tests. Also, the conditional LM tests shows
the higher power rejection number compared to LR and ANOVA F tests.

The results in this subsection 4.2 and 4.3 strongly support the fact that one

2
u

results suggest that it may be better to overspecify the model rather than un-

should not ignore the possibility of 62 > 0 when testing 02 = 0. In fact, our
derspecify it in testing the variance components. Also, the conditional LM test
is recommended for testing Hd : 02 = 0 (assuming ag > 0).

5. CONCLUSION

This paper derives several LM tests for the nested error component model.
The Monte Carlo experiments show that: (i) the HO and the GHM test are rec-
ommended for H§. (ii) The one directional LM tests, LR test and ANOVA
F test that assume the other variance component is zero overreject the null
hypothesis(HS and HE). (iii) The conditional LM test that explicitly assume
the other variance component is positive perform well in the Monte Carlo exper-
iments and is recommended.

APPENDICES

Appendix 1

2
I
HE : 02 = 0. From the Jung, et al.(1999), the partial derivatives and the infor-

This appendix derives the LM test statistic for testing HS : 02 = 0 and

mation matrix in order to test H§ : 03 = ol =0 is given by
A[~NT (iI’(IM ®~J]j @ Jr)u 1) Nli\/'TA
202 'y 252
D= ]\/INT(iI’(IM@IN @ Jr)u 1) - ]\lNTB , (A1)
207 u'u 26?2
0 0

where i is the OLS residuals, and
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 ayp [ VT T
J= | T T 1}, (4.2)
‘ 1 11
(I u ~1 . ~
where A — u'( M®~J,{Y®JT)U “{and B— u(IM®~{]X®JT)U L
' b
It is note that, if 02 = 0 and one is testing Hy : (72 = 0, then we ignore the

second element of D in (A.1) and the second row and column of J in (A.2). In
this case, the LM statistic becomes
MNT
LM = —————— 4? :
2(NT - 1) (4.3)
Under the null hypothesis, the LM statistic is asymptotically distributed as \?(1).
Similarly, if Uz = 0 and one is testing Hy : 02 = 0. then we ignore the first element
of D in (A.1) and the first row and column of J in (A.2). In this case. the LM
tistic b
statistic becomes MNT

szc - ﬁ Bz. (1\4)

Under the null hypothesis, the LM statistic is asymptotically distributed as \?(1).

Appendix 2
This appendix derives the KW LM test for testing H{ : ‘L =02 =0. The
parameter § can be devided as ' = (0,6)), where 6] = (02, 07), and 6, = (0?2).

The null hypothesis is Hj : §; = 0 and the one-sided alternative is H¢ : 6; > 0.
Then, using the King and Wu(1997), the KW test statistic is given by

KW = St/ (J") iy, (A.5)
where ST = Z aéZiLb:(O'qgé)“ i3 is a vector of ones of dimension 2 and .J!!
1=1

denote the upper 2 x 2 block of the inverse of the information matrix evaluated
at 6 = (0. 8,)". For the nested effect model, the score vector is given by

For the nested effect model, #) = (0%, 02) and 6, = o2, and the score vector
is given by (A.1) and the information matrix is given by (A.2). Therefore, J!! is

given by
~ 252 T — (T —
1 _ 252 T-1 (T - 1) (4.6)
MNT(N-1)T(T-1) | -(T-1) NT-1
~ MNT | NT-1 T -1
11y—~1 _ A7
and () 252 [ T-1 T-1 (A7)

Substituting the score vector in (A.1) and (A.7) into (A.5), we obtain the KW
test
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. MNT (4+5) MNT(NT +37 — 4)
264
MNT
A+ B
.,(NT+3T—4)< +B), (A-8)

Under the null hyphothesis, the KW statistic of (A.8) is asymptotically dis-
tributed as N (0,1).

Appendix 3
Let us consider the LM test for 62 = 0 given the existence of random group
effects. The nullhypothesis for this model is HY : 02 = 0(given crf1 > 0) vs HY :
ol # 0(given 02 > 0). Under the null hyphothesis, the variance-covariance matrix
is reduced as QU =0 (IM @ JIN ©Jr) + 02(Iy © Iy ® IT). Following Wansbeek
1 1
and Kapteyn(1982, 1983), we get Qal = —Im®» JINT) + —2—(IM & EnT), where
ﬁo'l a;
JNT = JNT/]VT, and Eny = In7 — Jy7, and O'f = JVTlfz + 03. Using the

formula of Hemmerle and Hartly(1973), we obtain

oL 9 oL 2

——803 = D{ol) =0, 902 = D(o;,) = 0,

OL = o0 M(N-1)T M(NT —1)@[Iy @ Eyx & Jrli

— = = = — —1;, (A.
(90’3 D(UV) 283 {]\/[(N )T u [I}w &) ENT] t } ( 9)

where U = y — X/SGLS is the GLS residuals under the null hypothesis, 72 =
W'[In ® Ent)d/M(NT — 1) are the solution of D(c?) = 0. Also, using the the
formula of Harville(1977), we obtain the information matrix, when evaluated
under the null hypothesis (02 = 0) is

[ MN*T? MNT? MNT 1
Ch o} Ch
~ 1| MNT?® MT? M(N-1)T* MT M(N-U1)T ~
Jo=3 =1 =+ ( = ) — + ( = ) . (A.10)
2 o1 o} ol oy gl
MNT ~ MT  M(N-UT M  M(NT -1
CH Ch al a1 a? 1
where 62 = U (Ips @ Jy1)4/M is the solution of D(o2) = 0.
Thus, the det(Jp) is given by
~ M3N3THN — 1T —
det(Jo) = ( ) L (A.11)

85} (5?)? ’
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where, the cofactor of (2,2)th element is

C(f) _1 MN?T? M  M(NT -1) M?N2T?
O T T G 2] INERE
_ MEN?T*(NT - 1) A1
= 13151 ‘ (4.12)
Therefore, R
~_ C(J0)22 2(1VT - 1) o~
Jo a2 = = = : 4 A
(Jo )2z Getdy) ~ MNTIN DI = 7y0 (A.13)
Therefore, the resulting LM test statistic is
LM = D'J,D
= (D(02))*(Jg )22 / ]
M(N-1)(NT-1)/NT-1d(Iy @ F Jr)u 2
= M= 1 )( Lo 190n ® By & T;)“—l),(A.n)
AN(T - 1) N-1 Wy ENT)U

where Ex = Iy — Jy, and Jy = Jy/N. Under the null hypothesis, LM is
asymptotically distributed as y?(1).
And the one-sided LM test is

M(N - 1)(NT — 1) /NT — 13 (Iny © Ey © J1) @
LM,,:\/ ( ) )< Wy © B ¢ T)“—1>.(A.1.5)

VT -1) \N-1 @ B

which is asymptotically distributed as N(0,1), see Baltagi, et al.(1992).
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Table 2. Rejection number of Hf : o

2:
u

2

g’ =

v

0

-~
L

71

Y2

LM,

(M, N, T)=(5, 5, 5)
HO KW F LR GHM

LM,

(M, N, T)=(10, 5, 5)

HO

KW

F

LR

(GHIV] LAL

(M.N.,T)=(5. 10, 10)
HO KW F LR GHM

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.05
0.10
0.20
0.40
0.80

42
119
295
698
989
1000

62 32 56 20 56

171 83 201 89 172
325 166 397 218 363
697 376 805 648 774
988 800 993 986 994
1000 1000 1060 1000 1000

33
195
489
934
1000
1000

62
279
581
950
1000
10600

37
150
335
681
990
1000

11
305
634
974
1000
1000

18
151
468
932
1000
1000

59
234
607
962
1000
1000

26
523
915
998
1000
1000

44 33 41 16 dd

494 229 633 470 602
891 492 951 902 941
998 892 1000 998 998
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000

0.05
0.05
0.05
0.05
0.05
0.05

0.00
0.05
0.10
0.20
0.40
0.80

257
367
497
830
998
1000

369 329 177 199 347
524 426 396 325 489
630 500 579 449 626
864 688 893 801 896
995 929 999 996 998
1000 1000 1000 1000 1000

454
613
802
981
1000
1000

570
754
903
989
1000
1000

559
680
782
914
997
1000

270
611
859
993
1000
1000

404

606

799

982

1000
1000

552
731
889
991
1000
1000

728
901
989
1000
1000
1000

773 775 ART 67T 7T
955 X81 907 893 944
083 94 996 985 996
1000 934 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000

0.10
0.10
0.10
0.10
0.10
0.10

0.00
0.05
0.10
0.20
0.40
0.80

493
604
705
896
999
1000

583 568 342 432 574
712 657 537 558 691
810 705 753 673 796
930 803 947 892 949
999 953 1000 998 1000
1000 1000 1000 1000 1000

786
364
945
995
1000
1000

851
934
982
998
1000
1000

844
912
948
983
1000
1000

557
818
953
998
1000
1000

744
857
945
996
1000
1000

848
924
975
997
1000
1000

913
964
993
1000
1000
1000

929 933 747 887 9238
976 947 970 963 977
997 965 1000 995 1000
1000 995 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000

0.20
0.20
0.20
0.20
0.20
0.20

0.00
0.05
0.10
0.20
0.40
0.60

782
832
331
967
1000
1000

828 822 610 733 822
885 856 785 804 R68
938 891 889 86T 935
983 940 984 966 989
1000 993 1000 1000 1000
1000 1000 1000 1000 1000

971
083
995
1000
1000
1000

976
991
999
1000
1000
1000

976
988
998
999
1000
1000

333
971
996
1000
1000
1000

960
982
995
1000
1000
1000

977
989
998
1000
1000
1000

977
992
1000
1000
1000
1000

979 980 923 969 982
993 986 991 992 993
1000 993 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000

0.40
0.40
0.40
0.40
0.40

0.00
0.05
0.10
0.20
0.40

947
945
984
1000
1000

964 961 879 935 961
964 954 940 932 963
991 982 986 981 993
1000 991 1000 1000 1000

999
1000
1000
1000

1000 1000 1000 1000 1000 1000

1000
1000
1000
1000
1000

1000
1000
1000
1000
1000

995

1000
1000
1000
1000

999

1000
1000
1000
1000

1000
1000
1000
1000
1000

996
999
1000
1000

11000

996 996 984 994 997
1000 997 1000 999 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1600
1000 1000 1000 1000 1000

0.60
0.60
0.60
0.60

0.00
0.05
0.10
0.20

991
991
1000
1000

991 990 974 984 990
995 993 991 991 994
999 996 999 999 1000
1000 999 1000 1000 1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000 1000 997 989 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000

0.80
0.80
0.80

0.00
0.05
0.10

998
1000
1000

998 998 993 998 998
1000 999 1000 1000 1000
1000 1000 1000 1000 1000

1000
1000
1000

1000
1000
1000

1000
1000
1000

1000
1000
1000

1000
1000
1000

1000
1000
1000

1000
1000
1000

1000 1000 1000 1000 1000
1000 1000 1000 1000 1000
1000 1000 1000 1000 1000
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Table 3. Rejection number of HY : 0% =0

g

(M,N,T)=(5,5,5)

(M,N,T) = (10,5, 5)

(M,N,T) = (5,10, 10)

n v |[LM® LM, SLMy LR F |LM® LM, SLM, LR F |LM® LM, SLM, LR F
0.00 0.00{ 19 31 62 13 5237 54 83 17 43| 28 45 78 14 49
.00 005 61 79 134 30 95 | 70 107 143 64 115|109 151 210 717 130
0.00 0.10] 92 125 200 69 141 {133 175 226 143 231|207 249 345 178 9238
0.00 0.20 185 224 310 151 247|338 405 466 309 397 | 406 450 531 347 467
0.00 0.40| 396 441 508 315 453 | 652 708 751 633 714 | 675 713 780 668 758
0.00 0.80] 651 690 768 643 730|903 923 938 893 029 | 870 886 912 841 803
0.05 0.00| 298 353 457 260 386 | 487 558 635 490 607 | 800 826 868 731 815
0.05 0.05] 321 369 472 298 438 | 577 641 708 565 663 | 803 828 854 78T 849
0.05 0.10| 391 447 531 321 465|649 719 762 638 716|837 856 895 766 844
0.05 0.20] 498 540 625 438 563 | 7290 775 816 723 785 | 869 885 907 810 87T
0.05 0.40| 604 653 727 592 705|870 897 918 872 906 | 904 918 938 8’73 913
0.05 0.80] 772 810 847 759 832|970 978 984 965 981 | 953 963 973 932 052
0.10 0.00! 534 576 668 490 619 | 838 868 898 810 863|920 931 942 912 944
0.10 0.05] 565 613 690 552 654 | 822 867 896 855 897 | 924 930 947 901 936
0.10 0.10] 600 634 714 574 674 | 857 892 917 863 912|933 947 971 911 929
0.10 0.20] 661 701 758 624 728 1 900 916 931 896 927 | 939 945 958 OIS 044
0.10 0.40| 754 792 845 701 775|944 951 960 933 958 | 948 961 968 952 969
0.10 0.80| 841 862 890 822 873 1979 985 988 976 984 | 968 972 978 069 977
0.20 0.00{ 793 829 876 782 850 | 962 969 977 974 979 | 976 978 982 976 986
0.20 0.05| 808 832 871 812 856|976 984 986 979 987 | 976 982 990 970 9083
0.20 0.10| 839 857 892 806 870|987 990 996 982 990 | 978 983 088 981 985
0.20 0.20] 851 869 911 837 892|984 988 994 990 993 | 984 986 990 984 N7
0.20 0.40| 880 903 923 868 915 | 991 992 993 990 993 | 984 989 991  9%5 990
0.20 0.60| 907 926 955 894 931 | 993 997 998 986 990 | 987 990 994 986 991
0.40 0.00] 956 963 975 952 967 | 997 997 998 1000 1000| 994 995 997 996 996
0.40 0.05| 946 960 974 930 955 | 998 999 1000 1000 1000| 997 998 998 996 997
0.40 0.10] 942 947 960 961 977 | 999 999 999 1000 1000| 999 999 999 998 1000
0.40 0.20] 967 973 980 958 973 {1000 1000 1000 998 999 | 996 997 997 997 998
0.40 0.40| 974 977 986 965 974 {1000 1000 1000 999 999 | 998 998 998 907 999
0.60 0.00] 992 994 995 9%9 994 | 1000 1000 1000 1000 1000| 999 1000 1000 1000 1000
0.60 0.05| 994 996 996 988 993 [1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.60 0.10] 992 993 998 991 994 |1000 1000 1000 1000 1000} 999 999 999 999 1000
0.60 0.20| 993 993 994 990 995 {1000 1000 1000 1000 1000|1000 1000 1000 998 999
0.80 0.00] 999 999 1000 998 998 {1000 1000 1000 1000 10001000 1000 1000 1000 1000
0.80 0.05| 999 1000 1000 998 999 |1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.80 0.10/1000 1000 1000 999 1000|1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
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Table 4. Rejection number of H§ : 02 =

0

T

(M,N,T)=(5,5,5)

(M,N,T) = (10.5.5)

(M,N,T) = (5,10,10)

o ove |EM® LMy SLM, LR F |LM® LMz SLM: LR F |LM® LMs SLM. LR F
0.00 6.00} 62 49 50 36 54 82 58 56 31 46 53 59 61 30 46
0.00 0.05§ 157 199 208 157 178 | 226 301 292 236 258 | 594 691 703 593 605
0.00 0.10] 352 424 439 332 345 | 569 658 648 535 536 | 935 958 958 042 93%8
0.00 0.20] 746 799 308 769 736 | 962 978 977 967 935 [ 1000 1000 1000 1000 1000
0.00 0.40] 991 996 996 992 981 [ 1000 1000 1000 1000 999 {1000 1000 1000 1000 1000
0.00 0.80( 1000 1000 1000 1000 1000|1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.05 0.00| 145 180 183 136 37 | 215 298 292 242 35 | 447 510 521 447 30
0.05 0.05] 326 399 407 331 154 | 573 652 639 567 188 | 839 925 927 893 578
0.05 0.10] 560 644 653 521 315 | 837 876 872 825 487 | 988 994 994 992 936
0.05 0.20| 8638 911 915 869 700 | 986 994 994 989 917 | 1000 1000 1000 1000 999
0.05 0.40| 998 998 999 998 977 {1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.05 0.80| 1000 1000 1000 1000 1000|1000 1000 1000 1000 1000 | 00O 1000 1000 1000 1000
0.10 0.00| 278 331 341 302 28 | 530 596 592 522 22 [ TH4 755 760 722 25
0.10 .05 500 366 577 495 121 | 764 824 819 802 141 | 958 973 974 964 515
0.10 0.10| 711 775 782 709 300 | 936 957 954 937 456 | 999 999 999 1000 927
0.10 0.20] 933 951 952 932 670 ) 1000 1000 1000 998 879 | 1000 1000 1000 1000 1000
0.10 0.40] 998 999 999 1000 967 ;1000 1000 1000 1000 999 | 1000 1000 1000 1000 1000
0.10 0.80| 1000 1000 1000 1000 1000|1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.20 0.00| 554 605 610 570 14 | 834 869 865 868 13 | 897 915 913 909 1T
0.20 0.05| 744 796 799 749 75 | 968 978  9TT 962 79 | 995 999 999 991 434
0.20 0.10( 865 895 900 865 248 | 997 998 998 995 318 | 999 999 999 1000 875
0.20 0.20| 979 986 937 980 600 {1000 1000 1000 1000 814 |1000 1000 1000 1000 999
0.20 0.401 1000 1000 1000 1000 949 | 1000 1000 1000 1000 997 | 1000 1000 1000 1000 1000
0.20 0.60] 1000 1000 1000 1000 995 ;1000 1000 1000 1000 1000|1000 1000 1000 1000 1000
0.40 0.00) 863 887 892 360 4 985 938 988 993 O 975 9TR 979 931 4
0.40 0.05; 939 957 958 930 55 [1000 1000 1000 1000 23 | 999 1000 1000 1000 324
0.40 0.10| 972 986 986 980 185 | 1000 1000 1000 1000 153 ;1000 1000 1000 1000 749
0.40 0.20| 1000 1000 1000 1000 552 {1000 1000 1000 1000 613 {1000 1000 1000 1000 9Ri
0.40 0.40(1000 1000 1000 1000 918 {1000 1000 1000 1000 970 | 1000 1000 1000 1000 1000
0.60 0.06| 966 973 975 965 2 11000 1000 1000 1000 O 998 998 998 996 1
0.60 0.057 993 995 995 989 43 1000 1000 1000 1000 10 }1000 1000 1000 1000 2%l
0.60 0.10} 998 1000 1000 999 154 ;1000 1000 1000 1000 85 |1000 1000 1000 1000 674
0.60 0.20 1000 1000 1000 1000 494 {1000 1000 1000 1000 466 1000 1000 1000 1000 941
0.80 0.00] 996 996 996 993 0 |1000 1000 1000 1000 O 999 999 999 1000
0.80 0.05 1000 1000 1000 1000 40 {1000 1000 1000 1000 7 {1000 1000 1000 1000 237
0.80 0.10|1000 1000 1000 1000 162 ;1000 1000 1000 1000 59 {1000 1000 1000 1000 552
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Table 5. Rejection number of Hf : o2 = 0(given 02 > 0)

(M,N,T)=(5,5,9)

(M,N,T) = (10,5,5)

(M,N,T) = (5,10, 10)

1y LM, LR F LM, LR F LM, LR F
0.00 0.00| 62 30 56 48 20 42 55 25 44
0.00 0.05| 205 109 188 295 188 281 638 545 615
0.00 0.10| 394 271 370 594 495 573 946 925 942
0.00 0.20 788 708 769 963 945 956 1000 999 1000
0.00 0.40| 991 987 991 1000 1000 1000 | 1000 1000 1000 -
0.00 0.80] 1000 1000 1000 | 1000 1000 1000 | 1000 1000 1000
0.05 0.00| 61 38 54 60 45 95 60 33 48
0.05 0.05] 221 162 196 282 235 265 679 635 655
0.05 0.10| 418 324 390 631 579 610 972 965 969
0.05 0.20] 801 747 780 969 957 964 1000 1000 1000
0.05 040} 995 991 994 1000 1000 1000 | 1000 1000 1000
0.05 0.80| 1000 1000 1000 |1000 1000 1000 | 1000 1000 1000
0.10 0.00| 61 44 54 58 49 53 60 49 54
0.10 0.05| 201 167 191 318 274 292 712 666 686
0.10 0.10] 446 371 415 697 656 677 933 978 982
0.10 0.20| 831 796 812 980 970 976 1000 1000 1000
0.10 0.40| 998 997 997 | 1000 1000 1000 | 1000 1000 1000
0.10 0.80] 1000 1000 1000 |1000 1000 1000 | 1000 1000 1000
0.20 0.00| 58 43 51 63 52 o7 69 50 56
0.20 0.05] 228 185 207 362 328 346 789 T44 761
0.20 0.10| 505 447 474 763 731 739 994 988 939
0.20 0.20| 873 842 864 986 983 985 1000 1000 1000
0.20 0.40] 999 999 1000 |1000 1000 1000 | 1000 1000 1000
0.20 0.60]1000 1000 1000 [1000 1000 1000 | 1600 1000 1000
0.40 0.00}| 68 48 59 61 53 58 51 36 43
0.40 0.05} 327 284 304 497 459 479 910 887 398
0.40 0.10] 700 650 672 887 867 874 998 998 9938
0.40 0.20] 974 964 970 | 1000 1000 1000 | 1000 1000 1000
0.40 0.40|1000 1000 1000 |1000 1000 1000 ;1000 1000 1000
0.60 0.00| 65 53 59 61 49 53 71 31 57
0.60 0.05| 505 453 480 701 675 684 988 984 987
0.60 0.10| 906 879 891 989 986 988 1000 1000 1000
0.60 0.20| 1000 999 999 | 1000 1000 1000 | 1000 1000 1000
0.80 0.00| 60 43 49 57 47 52 69 95 61
0.80 0.05| 904 879 891 991 987 990 1000 1000 1000
0.80 0.10| 998 998 999 | 1000 1000 1000 | 1000 1000 1000
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